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AnsrR¡,cr

This thesis is concerned with the construction, implementation, and application of a

large-scale bottom-up multi-regional multi-sectoral dynamic CGE model of the

Australian economy, FEDERAL-F. This model traces its lineage to the multi-regional

comparative-static FEDERAL model and the national dynamic MONASH model. Like the

latter model, nEonul-n links a sequence of single-period equilibria via stock-flow

relationships. However unlike MoNASH, it features bottom-up modelling of regional

activity, detailed fiscal modelling, and accounting for changes in household capital

ownership. Unlike FEDERAL, ¡eoeR¡.L-r' is dynamic, it features more plausible

modelling of inter-regional migration, and it includes a complete set of regional and

national accounts.

A version of neoeRlL-r' focussing on the economies of Tasmania and the rest of

Australia is implemented. This model is used for f,rve sets of illustrative applications.

The first set of simulations (the historical simulations) derive values for certain

otherwise unobservable variables (such as productivities, household tastes, positions of

export demand schedules, and various government policy instruments) for the period

l9g¿l93 to 1998/99. The results from these simulations then form part of the input to

the second set of simulations. These simulations evaluate the individual contributions

of these variables, in addition to the other exogenous shocks to which both economies

were subject over the period, to a range of economic indicators. This allows the causes

of Tasmania's relatively poor growth experience to be identif,red and evaluated.

The third set of simulations (the forecasting simulations) extrapolate into the future the

structural and other changes derived in the historical simulations, thereby generating

forecasts for the economic prospects of both the Tasmanian and Mainland economies.

These forecasts project a continuation of Tasmania's relatively slow growth rate' and

hence a continuation in the state's historical trend of accounting for a declining share of

national activity.

xlll



Finally, the results of both the historical and forecasting simulations provide the base

case against which two policy scenarios are evaluated. The first examines the impact on

the Tasmanian and Mainland economies of microeconomic refonn in the utilities sector.

The second investigates the potential scope and efficacy of possible Tasmanian

government policies aimed to redress the state's declining share of national economic

activity.
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INTRODUCTION

1 INTNODUCTION

1.1 Ovnnvmw
National computable general equilibrium (CGE) models, and more recently regional

modelsl, have been used for almost a quarter of a century to elucidate the sectoral (and

later regional) effects of changes in technologies, tastes, policy variables, and foreign

markets (powell and Snape 1993, Partridge and Rickman 1998, Madden and Giesecke

lggg). In Australia, the application of CGE models has made an invaluable and on-going

contribution to the formulation of government policy and the quality of public debate on

policy and structural issues, both at the national level, and increasingly at the state level.

powell and Snape (1993) provide a review of the extensive range of applications of

national CGE models to national level problems. Partridge and Rickman (1998) undertake

a review of multi-regional CGE models in the international literature. Madden and

Giesecke (1999) provide a review of CGE models and applications at the regional level in

Australia. The latter paper addresses a stark omission from the review by Partridge and

Rickman. The latter paper, while providing an otherwise wide-ranging international

survey of regional CGE models, nevertheless omits the entire Australian history of

regional CGE modelling.

partridge and Rickman note that there has been a rapid growth in both the number of

regional CGE models and the range of their applications in recent years. Considering the

models reviewed by partridge and Rickman, it is clear that the intemational regional CGE

literature is dominated by models that are comparative static, and small scale. The number

of producing sectors in the model's they review ranges from only 1 to 28, with the average

being just under 10. In contrast, the Australian experience with regional CGE modelling

has been characterised by large-scale models, containing both detailed industrial and

commodity disaggregation and often detailed modelling of government taxation and

expenditure. The large size of Australian models has followed from a general philosophy

of building models that have sufficient inherent generality and flexibility to allow them to

be tumed repeatedly to a wide range of different applications with a minimum

I The terms .'regional models" and "multi-regional models" are used in this thesis to refer

models which feature explicit modelling of economic activity within one or more sub-national
exclusively to
regions. That

is, multi-country models are excluded from this defurition'



CHAPTER I

redevelopment effort. The past decade has witnessed the development in Australia of
dynamic models, firstly at the national level and lately at the regional level, a trend that has
been little followed in international regional modelling2, This work has found that multi-
period models can elucidate dimensions to economic issues that otherwise would not be
amenable to investigation using earlier comparative-static models. These include the
adjustment costs to policy change and the causes of changes in observed economic
outcomes' They have also allowed an important limitation of comparative-static models to
be overcome: namely the absence of a properly specified base case against which the
effects of policy change can be compared.

It is against this background that the FEDERAL-F model has been developed. F¡onnel-r is
a bottom-up multi-regional dynamic CGE model. As will become clear in Chapter 2,
which deals with the construction of the model, FEDERAL-F traces its lineage to the multi-
regional comparative-static FEDERAL model (Madden 1992) and the national dynamic
MONASH model (Adams et al. 7994, Dixon and Rimmer 1999a). Like the latter model,
FEDERAL-F links a sequence of single-period equilibria via stock-flow relationships. Flows
in one period (such as savings, investment, migration, and government net financing
requirements) change stock variables in the next, and hence subsequent periods. A new
solution to the model is computed for each period. The equilibria thus computed change
through time as the values for the model's stock variables change. Unlike the voN.cs*r
model however, FEDERAL-F features detailed bottom-up modelling of regional economic
activity and government finances.

Chapter 3 addresses the construction of the model's database. The starting point for the
FEDERAL-F database was an existing 1992/93 database for the FEDERAL model. A number
of changes were made to this database, prior to it forming the starting point for the
development of the FEDERAL-F database. Thereafter, the implementation of the FEDERAL-F

model required the addition of a number of new parameters and data items, and the
calculation of the values for these is discussed.

2 An exception is McGregor et al., who incorporate the basic features of dynamic modelling (namely capital
and population accumulation), lust in a three-sector single-region model oi Scotland (McGiegor et al. 1996)
then rn a th¡ee-sector two region model of Scotland and the reit of the UK (McGregor àt L tS'eO¡.

2



INTRODUCTION

Four sets of illustrative applications of the model are undertaken. The first of these

(Chapter 4) derives values for certain otherwise unobservable variables (such as

productivities, household tastes, positions of export demand schedules, and various

govemment policy instruments) for the period 1992193 to 1998199 (hereafter, the

.,historical simulations"). The second set of simulations (also Chapter 4) evaluate the

individual contributions of these otherwise unobservable variables, in addition to the other

exogenous shocks to which both economies were subject over the period, to a range of

economic indicators (hereafter, the "decomposition simulations").

The third set of simulations (Chapter 5) extrapolate into the future the structural and other

changes derived in the historical simulations, thereby generating forecasts for the economic

prospects of both the Tasmanian and Mainland economies (hereafter the "forecasting

simulations"). In Chapter 6, the results of both the historical and forecasting simulations

then provide the base case against which two policy scenarios are evaluated (hereafter, the

,,deviation simulations"). Chapter 7 concludes with a discussion of the major contributions

of the model, suggestions for future development work, and a range of possible future

simulations with the model.

In the remainder of this chapter I first review the status of multi-regional CGE modelling,

both as it is undertaken overseas and within Australia. Unlike Australian regional CGE

models, the international models are typically small-scale comparative static models'

generally built with the analysis of a specific issue in mind. In contrast the Australian

models are large-scale and general pu{pose, with a recent emphasis on the development of

dynamic models. Dynamic computable general equilibrium models can be classified as

one of two types depending on the their treatment of expectations. The two types of

dynamic CGE models are briefly discussed, before moving on to consider the policy and

analytical insights that have been made possible by recent Australian work on national

dynamic CGE models. I conclude by considering the contributions of the nnoBnAl-n

model within the context of the existing literature'

1.2 RBCTONAL CGE MODELLING - INTERNATIONAL EXPERIENCE

partridge and Rickman (1998) provide a comprehensive review of the international

regional CGE literature. Their review reveals a field of models that are comparative-static,

3
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generally small scale, and often constructed for the analysis of a specific issue. An
overview of their review of the theoretical structures of these models is presented below.
These structures are then compared with the theoretical assumptions common in Australian
regional CGE models.

Partridge and Rickman describe the production structure of a typical regional CGE model
as consisting of a system of nested production functions. At the top levels of such nests a
composite value-added input and a composite intermediate input are typically combined to
produce a unit of output. Partridge and Rickman note that the top level of the nest is
generally characterised by fixed-proportions technology, ruling out substitution
possibilities between primary factors and intermediate inputs. The value-added input on
the other hand is typically characterised by either a Cobb-Douglas (CD) or Constant-
Elasticity of Substitution (CES) technology. Further nesting of the latter functions may be
undertaken to circumvent the problem of identical elasticities of substitutions between
primary factor inputs within any given CES nest. The Armington assumption (Armington
1969) is often employed to model imperfect substitution between sources for a given
intermediate input.

The modelling of regional household consumption typically begins with a linkage between
regional factor demands and prices and regional household incomes. Many models feature
differences in interregional patterns of capital ownership. Being static models, many of the
regional CGE models reviewed by Partridge and Rickman omit savings and investment.
Those that do not, typically assume that savings flow into a national pool with investment
determined exogenously. Regional utility is typically modelled using CD and CES
functions, although several studies employ the Stone-Geary utility function. The
Armington assumption is typically employed to model the assumption of imperfect
substitution possibilities between differing sources for the same consumer good.

Inter-regional export demands in the models reviewed by Partridge and Rickman are

typically a function of the Armington relationships prevailing in other regions. Some
models feature Constant Elasticity of Transformation (CET) functions governing the
capacity of local producers of a given commodity to switch between production of that
commodity for sale in the domestic or export market.

4
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The international regional CGE literature as described by Partridge and Rickman is

characterised by a wide variety of specifications for regional govemment' At the most

basic level of modelling, many regional CGE models aggregate regional government and

federal govemment levels. More detailed models, focussing on regional fiscal policies,

distinguish two levels of government, and some link regional government spending with

regional household income. However many of these studies assume that the expenditure

patterns of regional governments mirror those of regional consumers. This means that the

level of taxation does not affect the commodity composition of regional final demand' The

most detailed fiscal model reviewed by Partridge and Rickman features three types of

revenue linked to six expenditure flows, and includes among the expenditures of regional

government such outlays as rental payments to factors, intergovernmental transfers, and

savlngs

partridge and Rickman note that most regional CGE models in the international literature

feature perfectly competitive factor and product markets. With respect to factor markets'

the models are characterised by a wide variety of assumptions regarding both the types of

factor inputs explicitly identified within the models, and the mobility of those factors'

Capital and labour inputs feature almost universally in the models. The degree of factor

mobility is typically related to the time horizon of the analysis. Shorter time periods are

characterised by a greater degree of factor immobility, while assumptions of perfect factor

mobility and equalisation of factor returns across sectors and regions characterise longer

time horizons.

partridge and Rickman's review suggests that there are many similarities between the

comparative static multi-regional CGE models in the international literature, and the multi-

regional CGE's models in common use in Australia. Where the models are most similar is

in the prevalence of the assumption of perfect competition in factor and product markets,

and factor mobility being largely a function of the time horizon of the analysis' The

features of the production functions within the inter-regional CGE models described by

partridge and Rickman are also representative of such models in Australia. One exception

however is the greater use in Australia of the CRESH function to model substitution

possibilities for commodities available from more than two sources'

5
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With respect to household consumption, and in contrast to the models reviewed by
Partridge and Rickman (the majority of which use CES or CD functions), all the major
Australian CGE models model household utility using the LES system. Either CES or
CRESH nests then govern substitution possibilities between differing sources for each of
the composite commodities that are inputs to this function. The household budget
constraint in Australian models is typically determined as a fixed proportion of household
disposable income, with gross fixed capital formation being determined independently of
the level of household savings. This treatment is similar to that which partridge and
Rickman describe as characterising the models they review.

Like many of their international counterparts, inter-regional exports in Australian models
are determined by the Armington assumptions governing source-specific demands within
the importing regions. Unlike their international counterparts however, no use is made of
CET functions to distinguish between production for domestic and foreign / interstate
markets.

On the basis of Rickman and Partridge's review, it is apparent that the treatment of
government in Australian regional CGE models, particularly FEDERAL and rEo¡RnL-F, is
significantly more detailed than that of their international counterparts. Starting with the
FEDERAL model in 1990, Australian regional CGE models have distinguished many outlays
(current consumption, capital creation, transfer payments, inter-governmental transfers)
and allowed the composition of these expenditures to differ not only from the pattern of
household consumption, but also between regions and between levels of government. The
treatment of taxation flows in Australian models has been characterised by explicit
modelling of many of the major tax instruments, linking revenues from these instruments
directly to the bases upon which they are levied.

1.3 RBcroNAr cGE MoDELLTNc - AusrRArrAN EXpERTENCE

1.3.1 History of the development of Australian multi-regional CGE modelling
A notable feature of Partridge and Rickman's review is a near absence of reference to the
Australian contribution to regional CGE modelling. Madden and Giesecke (1999) address
this omission with a review of both the structures of the major Australian multi-regional

6
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CGE models, and the many applications to which these models have been put in the past

two decades

In general, the progress of development of regional CGE modelling in Australia has tended

to be linked to that of developments in the national CGE models of the Australian

economy. pre-eminent among these was the oR¡.Nl model (Dixon et al' 1982). The first

illustrative simulations with the oneNl model were published in 1977 (Dixon, Parmenter,

Ryland and Sutton). The following year saw the first introduction of a regional dimension

into oRANr (Dixon, Parmenter, and sutton 1973). This was a top-down3 spatial

disaggregation of results across Australia's six states using a regional disaggregation

facility based upon a method devised by Leontief et al. (1965) for disaggregating results

from a national input-output model into regional results. The f,rrst Australian bottom-up

multi-regional CGE model appeared three years later (Liew 1981). However development

work on bottom-up models was frustrated by data deficiencies and computing limitations,

so that top-down regional modelling was the prevailing form of multi-regional CGE

modelling in Australia for much of the 80's. Today, while top-down regional models still

play a role in Australian policy analysis, the past decade has seen bottom-up models take

over as the main form of multi-regional CGE modelling, particularly for shocks originating

at the regional level.

A feature of Australia's bottom-up multi-regional CGE models is that, like the ORANI

model, and is successor MONASH, they are large scale general purpose models. The major

Australian regional models have followed this tradition. This is borne out by the fact that

the bulk of Australia's regional policy analysis that has employed multi-regional CGE

models has been undertaken with either one or the other of the country's two main models

of this type (nnonR¡,L and MMRF). As general-purpose models, these two models contain

many features which are generally introduced in regional CGE models in other countries

only for specific types of applications.

3 The expressions
top-down method
multiplier effects.

top-down and bottom-up are used in the terminology of Klein and Glickman (1977)' A
dË"ompos"s results from a national model to regions using base-year shares and local

ffr" Uotto--up method explicitly models the economic behaviour of agents at the regional

level.
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Australia's five main bottom-up multi-regional CGE models are shown in Table l.l. Liew
developed the first of these models (vnsvnE) for the pu{pose of his doctoral thesis. While
he demonstrated the capabilities of the model (Liew IgB4), his efforts were hampered by
data deficiencies that resulted in a mechanically constructed database. As a result,
MRSMAE was not used beyond the initial illustrative applications.

After Liew, development of bottom-up multi-regional models in Australia stalled until near
the end of the decade. Instead, in the early 1980's, various top-down methods were used to
undertaken the multi-regional CGE analysis conducted in Australia. Madden, Challen and
Hagger (1983) employed the device of adding shift variables to oRES4 to allow a regional
shock to be formed by decomposing it, in a prior calculation, into a shock at the national
level and shocks to regional-share parameters. Prior to this it was generally held that on¡s
was not amenable to analysing shocks originating at the regional level. Higgs, parmenter

and Rimmer (1988) constructed a hybrid model (onnNr-ras) which retained much of
ORANI-ORES'parsimonious use of data, while introducing limited regional dimensions into
oRANI to gain some of the advantages of bottom-up modelling.

The essential method of onRNt-rAS was to disaggregate, within the national CGE model, a
selected number of industries and commodities. These disaggregated sectors were
distinguished on the basis of the regions in which they were located, and were chosen for
exhibiting significant inter-regional differences in costs and sales patterns. The onrs
method was still used to generate results for all regional industries. However the results
for a selected number of these (that is, the disaggregated industries) were computed at the
national level, before being allocated (uniquely) to the region in which they were located.
This was an improvement over a standard oRBS decomposition, however the on¡s method
was still required to compute results for the majority of the regional industries, which were
not regionally disaggregated.

o "ORANI Regional Equation System"

8
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CHAPTER 1

In the mid 1980s Madden (1985a) proposed a modelling strategy to gain the advantages of
bottom-up modelling without the data problems encountered with the development of
MRSMAE, by limiting the number of regions to two. In many regional modelling exercises
in Australia, economists wish to focus on results for one region (typically a state or
territory) within a national economic framework. Provided a satisfactory input-output
table exists for the state of interest, a two-region input-output database can easily be
created. Madden (1985b and 1989a) developed procedures for spreading interstate exports
and interstate imports from the region of focus across demanders and suppliers respectively
in the rest of Austtalia, allowing intra-region flows in the rest of Australia to be calculated
as residuals from national input-output data.

These developments led to the construction of the multi-regional CGE model FEDERAL,

which up until recent times has been implemented in the form of a two-region model
(Madden 1990). The firstversion of the model had Tasmania as its region of focus, with
the other region being the Australian mainland. The computerisation of the database
procedures, discussed above, allowed for the relatively easy construction of new versions
of FpoeRRL focussing on other Australian states. Models have subsequently been
constructed focussing on Victoria/New South Wales, South Australia, Western Australia,
and Victoria./Tasmania.

The starting point for developing reoeRal's theory was the oRANr model (Dixon et al.
1982). The modelling of only two regions and diminishing computing constraints by the
end of the 1980's meant that the oRANI theory could be extended in reoeRAL into its full
multi-regional complexity while also adding the key features of a detailed treatment of two
tiers of government and of regional household income. The main features of the model are

described in Section I.3.2.1. As discussed there, the multi-regional characteristics of
FEDERAL are particularly evident in its very detailed treatment of transport and other
margin commodities, and of state and commonwealth commodity taxes.

Almost immediately after its construction, FEDERAL was used to examine a policy issue
facing a regional government. In a study commissioned by the Tasmanian Employment
Summit, the model was used to examine the efficiency of budget-neutral policies for
stimulating employment in that state (Madden 1989b). Since then, as evidenced by the
selection of ¡'eoeneL studies reported in Madden and Giesecke (1999), the model has been

10
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in continual use by a number of researchers. However, in a 1990 study for the Australian

Commonwealth Grants Commission, Dixon, Madden and Peter (1993) examined, with the

aid of FEDERAL and oR.nNl-NT (a single region model of the Northern Territory), the

eff,rciency effect of inter-governmental grants designed to alleviate horizontal fiscal

imbalance. In this study the authors noted that to examine fully Federal/State public

hnance issues, a model was needed that was medium term, dynamic and explicitly treated

all states and territories. Such a model, the Monash Multi-regional forecasting model

(navnr) was subsequently constructed (Peter et al. 1996), providing an operational model

which allows policy questions relating to all or several Australian states and territories to

be examined.

The major differences between MMRI and ¡PlnReL are outlined in Section 1.3.2. As noted

above, MMRF represented an improvement on FEDERAL in terms of an increased number of

regions, although this came at some cost to the scope for disaggregation of industry

structures. MMRF also has a less extensive treatment of transport margins than r'¡oBRq'L,

and a less sophisticated modelling of state revenues. Since MMRF was developed from

6RANI-F, the first forecasting version of the national oRANI model, it contains minimal

dynamics that permit annual average forecasting. However, this feature of tr¿tvtR¡ has been

rarely used, and has now been overtaken by FEDERAL-F, FnoBR¡,1--¡ has the capability of

undertaking year-on-year forecasts. It employs a regionalised version of the recent

developments made at the national level in CGE forecasting, which are incorporated in the

M9NASH model. The latter model has taken over from its predecessor ORANI as Australia's

premier national CGE model.

1.3.2 Overview of the major Australian multi-regional CGE models

There are three large-scale CGE models of the Australian economy capable of producing

results at the regional (state and sub-state) level which are in regular use by researchers and

policy analysts in Australia. 'Ihese are the FEDERAL model, developed in the late 1980's,

the Monash Multi-Regional Forecasting Model (vvnr), develope.d in the early 1990's, and

the uoNnss model, developed in the mid 1990's. Each of these models, as they relate to

twhile the f,rrst version of MMRF with 12 industries was slightly larger than the early 9-industry FEDERAL'

computing constraints have prevented MMRF versions that have the 1O4-industry structure of FEDERAL.

Indeed in recent times MMRF has been aggregated to two regions to allow for a greater range of industries

and occupations. See, for instance, Madden (1998a) and Giesecke and Madden (1999)'
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regional modelling, is reviewed briefly below. A little more attention is given to FEDERAL
in this review' since it is the starting point for the development of FEDERAL-F described in
Chapter 2.

1.3.2.1 The pnnnntt model

FEDERAL is a bottom-up multi-regional CGE model of the Australian economy designed to
allow comparative-static analysis of regional (state) and national economic shocks within a
federal economic system. The model traces its lineage to the single region 19g2 version of
ORANI, but extends this to include both the explicit modelling of economic behaviour
within regions, and a detailed fiscal dimension. A full description of the FEDERAL model is
contained in Madden (1992). The initial implementations of the model featured two
regions. The two regions in the first (Madden 1989c) version of ¡eoERll- were Tasmania
and the Australian mainland. A second version concentrated on New South Wales/
Victoria (Dixon, Madden and Peter 1990), and the third (Madden and pant 1994) features
South Australia as its region of focus. The latest two-region implementation of the model
features Westem Australia as the region of focus (Giesecke, Madden and pant l99g).
Recently, a three region version of the model was implemented, featuring bottom-up
modelling of economic activity in Tasmania, Victoria, and the rest of Australia (Giesecke
1999b). The key features of the model are reviewed below, drawing on the summary of
the model contained in Madden and Giesecke (1999).

Production activity in ¡¡oeRlL is governed by the modelling of individual industries
within each region. These industries are assumed to operate in perfectly competitive
output markets, and minimise production costs subject to constant retums to scale
production functions. These production functions have three levels. At the top level,
effective inputs of intermediate inputs, primary factors, and other cost tickets are combined
in fixed proportions to produce a unit of output. Nested into this top-level Leontief
production function ale a number of second level non-linear functions, which allow
substitutability between sub-types of inputs within the broader input types. For example,
an effective input of intermediate commodity i into the Leontief function is a combination
of source-specific inputs of i from r * I sources (r domestic regions and 1 foreign source).
Substitution possibilities between these sources are governed by a CRESH (constant ratio
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of elasticities of substitution, homothetic) function. Similarly, effective units of the

primary factor input are a CRESH combination of three primary factors: labour, capital,

and land. For labour, there is a third level of technology, again modelled with a CRESH

function, defining substitution possibilities between labour of different occupational types.

The model's production theory allows for multi-product industries, in which producers

choose the commodity composition of a given level of output so as to maximise profit

subject to a convex transformation function. However, few of the implemented versions of

the model contain multi-product industries.

A representative, utility maximising household is assumed to exist in each region. The

utilities of these households are modelled by Stone-Geary utility functions. Regional

households are assumed to maximise this utility function by choosing between effective

units of commodities, subject to an aggregate expenditure constraint. Effective units of

commodities are modelled as CRESH combinations of the commodity from the r + 1

geographic sources. The model contains detailed modelling of regional household

incomes. Hence, the regional household budget constraint is determined by the sum of all

factor incomes earned by residents, plus all transfer incomes (such as unemployment

benefits, social security payments and interest receipts), less all direct taxes (such as

income taxes and fines), interest payments, and savings. Explicit account is kept of the

share of each regional industry's capital rentals that accrue to households within each

regron.

A typical closure for real private investment links the percentage change in this variable to

the percentage change in real consumption. Private investment is then allocated across

regional industries so as to equate expected rates of return. Investors are assumed to act

under an expectation that an expansion of a regional industry's capital stock will reduce its

future rate of return below the current rate of return. The capital stock in regional

industries is unaffected by investment decisions by private and government investors,

although the process of installing new capital has a direct effect on economic activity in the

current period by stimulating activity in sectors supplying inputs to gross fixed capital

formation. Once the level of regional industry investment is determined, units of capital

are formed by combining effective units of commodities in fixed proportions. Effective

units of commodity inputs to capital formations are CRESH combinations of the

commodity from the r * 1 sources.
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Changes in aggregate government consumption are typically modelled as being linked to
changes in aggregate real private consumption in their jurisdiction, along with the
possibility of exogenous changes via shifts in policy variables. The quantity of foreign
export demands for each commodity is a function of foreign curïency export commodity
prices, and are determined via constant elasticity demand functions.

The model distinguishes basic (ex-gate) prices, and purchasers' prices. Basic prices are
calculated as being dependent on production costs (which includes the margin and sales-
tax inclusive prices of material inputs, payments for primary factors, and other costs), and
production taxes. Basic prices of foreign imports are their landed-duty-paid domestic
currency prices.

Prices paid by individual regional purchasers and foreigners (at the port of exit) are equal
to the basic price plus markup services and sales taxes. Full regional possibilities are
provided for in the provision of markup services and the levying of sales taxes. That is, the
flow of each commodity from each source of supply can be facilitated by markup
commodities supplied from either region. Similarly, commodity taxes can be levied by the
Commonwealth Government and by either regional govemment (provided the commodity
originates from or is sold in their region) with the rate varying according to the type of
commodity, source of supply, and type of purchaser.

The model contaìns very detailed modelling of two tiers of govemment. For each
government, the expenditure and revenue raising activities (both in relation to linkages
with all other private agents and inter-governmental linkages) and a set of income and
outlays accounts, are modelled in extensive detail.

1.3.2.2 The umnr model

MMRF is an eight-region CGE model of the Australian economy, modelling the behaviour
of economic agents in each of Australia's eight states and territories. The model can be
employed to undertake either comparative-static or forecasting simulations. The model
contains sufficient accumulation relationships linking investment flows and capital stocks,
and cunent account deficits and foreign debt, to produce limited annual-average forecasts
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over broad medium-run time periods. The model does not contain any relationships

allowing for major changes in the model closure to facilitate either historical or forecasting

simulations. To date, public use of the model has been confined to comparative-static

simulations. A full description of the MMRF model can be found in Naqvi and Peter (1995)

and Peter, Horridge, Meagher, Naqvi, and Parmenter (1996)'

MMRF can be thought of as being comprised of five modules (Madden and Giesecke 1999):

a core module, a govemment finance module, a capital and investment module, a foreign

debt accumulation module, and a labour market module'

The core module determines regional industry outputs, demands for intermediate inputs

and primary factors, international and inter-regional exports and imports, regional

household demands, commodity demands for nine govemments (eight regional

governments and one federal government) and commodity and factor prices' Broadly' the

theory governing the vlr¡n¡ core is similar to that in nnogRRL. There are however some

important differences between these parts of the two models. First, in Mtrlnt, inputs to both

the top level utility and production functions are CES combinations of an effective

domestic commodity and the imported commodity. Effective domestic commodities are

CES functions of the commodity from each domestic source. The MMRF method thus

allows for different elasticities for intra-national substitution possibilities to that employed

for domestic / import substitution. However it does not allow for variation in Allen

elasticities between each pair of domestic commodities. This contrasts with Feoenel-'s use

of a CRESH function to model substitution possibilities between source-specific

commodities, which does allow for variation in elasticities of substitution between

commodities within the same nest. Other important differences between the CGE cores of

the two models are that: (i) unlike FEDERAL, MMRF does not distinguish between federal

and state sales taxes within the CGE core; (ii) MMRF only allows for destination margins

whereas FEDERAL allows for both origin and destination margins; and (iii) lrvnr does not

allow for interstate ownership of capital or land, or govemment ownership of business, all

of which are important features of peoeRnl-'

The govemment finance module computes revenue and outlay accounts for the federal

government and each of the state governments. Sales tax revenues are allocated between

govemments on a fixed share basis. The latter treatment can be contrasted with peonRRI-,
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in which each level of government's sales tax receipts are directly linked to the rates of
such taxes which they levy, and the prices and volumes of the transactions on which they
are levied' MMRr's goverrlment finance module also determines the gross domestic
products of the eight regions from the income and expenditure side using variables
determined in the cGE core, together with regional household incomes.

The capital and investment module determines the relationship between changes in the
capital stock and annual investment. Two sets of equations cover the comparative static
and forecasting versions of the model respectively. The forecasting closure allows for the
endogenous determination of current capital stocks (i.e capital stocks at the beginning of
the solution year) over a medium term forecasting period. Capital stocks at the end of the
solution year are then determined via an assumption that the growth of the capital stock
over the solution year is equal to the annual average growth rate over the forecast period.
The short-run comparative static closure sets regional industry capital stocks exogenous.
Regional industry investments and future capital stocks are then typically indexed to
current period capital stocks, which effectively sets the values of these variables at zero
change.

The foreign debt accumulation module relates the change in the level of foreign debt
(relative to its base value) in the solution year to changes in the annual trade deficits over
the forecast period. The annual trade deficits over the forecast period are assumed to
follow a straight-line path, an approach which simplifies the calculation for the change in
foreign debt in the solution year.

Finally, the labour market and regional migration module computes the changes in
population from natural growth and foreign and inter-regional migration, and relates this to
labour supply. As with the foreign debt accumulation module, the solution for the change
in population in the solution year is simplified by assuming that the population flow
variables (international and inter-regional migration, and natural population growth) grow
smoothly between the base and solution years.
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1.3.2.3 The aotvlsn model

The vroN4ss model is a large-scale multi-sectoral CGE forecasting model of the

Australian economy. In broad terms, the CGE core of the MONASH model is similar to that

of the earlier ORANI model, however the structure of tr¡oN¡SH then departs from oRRNt in

three ways. First, it contains a new investment and rate of retum theory' Second, it

contains accumulation relationships linking stock and flow variables between years. Third,

it contains a large number of relationships that allow major changes in the closure of the

model. These changes in model closure are made to facilitate the use of the model in

simulations over historical and forecast periods. An overview of the MONASH model is

provided in Adams etal. (1994), and a detailed discussion of the model's theory is given in

Dixon and Rimmer (1999a). Many of the attributes of voNRsu which distinguish it from

9RANI have been incorporated in ¡epsRAL-F, and so a more detailed discussion of the

various elements of vtouRsg are reserved for Chapter 2.

The regional dimension of voNRsH is a variant of the oRANI-oREs method that also takes

account of both population movements and major local projects. The tr¡oNnsu method also

involves a two-stage decomposition of the national results. The national results are first

decomposed to the state level using the onrs method, with the addition of shifts in state

shares in national industries to take account of state-specific factors. The second stage

decomposes the state level results to the statistical division level, again using the onrs

dichotomy between those industries producing commodities which are traded state-wide,

and those producing commodities that are predominantly consumed within the region of

production. However, unlike the treatment of local commodities in the first (national-state)

decomposition, the second decomposition allows for the possibility of some demand for

sub-state local commodities outside their region of production (Adams and Dixon 1995).

1.4 DYNNVIC CGE MODELLING

1.4.1 Inter-temporal vs recursive dynamic models

Malakellis (1994) notes that dynamic multi-period CGE models can be classified as either

"recursive" or "inter-temporal" on the basis of their treatment of expectations. The key

assumption of recursive models is that the behaviour of agents is dependent on either the

current (static-expectations) or past (adaptive expectations) state of the economy' These
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models can be solved period-by-period as a sequence of temporary equilibria because the
agents do not base their decisions in the current period on information concerning the
future values of variables in the model. Examples of recursive CGE models include
Hudson and Jorgenson (1974); Hudson and Jorgenson (1978); Fullerton, King, Shoven,
and Whalley (1981); Bovenberg and Keller (1981); Dervis, de Melo, and Robinson (1982);

Fullerton, Shoven and Whalley (1983); Borges and Goulder (1984); Longva, Lorentsen,
and Olsen (1985); Ballard, Fullerton, Shoven and Whalley (1985); Ballard and Goulder
(1985); Khorshid (1990); McGregor et al. (t996); and McGregor et al. (1999).

The defining feature of intertemporal models is the presence of forward-looking
expectations (Malakellis 1994). Hence, these models typically6 cannot be solved period by
period because at least some agents in the model base their decisions in any given period
on expected future states of the economy. Examples of intertemporal CGE models include
Auerbach, KotlikofT, and Skinner (1983); Chao (1982); Manne and Preckel (1983); Ballard
and Goulder (1985); Malakellis g99g and Adams et al. (t994).

In developing reornnL-F from the comparative-static FEDERAL model, a choice was made

early on to develop a recursive model. Both the computer and labour resources required
to develop and then operate a disaggregated multi-regional CGE model are already large,
without the added burden of imposing an intertemporal solution on the model. Clearly, a

prior consideration to this decision was that the high level of disaggregated detail in the
FEDERAL model was also a desirable feature of the future FEDERAL-F model. As is apparent
from the extensive list of applications of regional models contained in Madden and

Giesecke (1999), Australian regional CGE models have enjoyed an on-going and
widespread relevance to the analysis of a wide range of applied economic problems. The
high level of disaggregation in these models - of commodity and industry detail,
govemment taxation and expenditure instruments, and the regional distribution of
economic activity - is an important factor in ensuring the continued application and

relevance of these models to the investigation of a wide range of regional economic issues.

FeosRnl-n is designed in the same tradition - large-scale with sufficient flexibility to be
applied to other regions and problems, in addition to those applications undertaken in this

u One exception is MONASH, which achieves a converged sequence of solutions under an assumption of
forward looking expectations via an iterative procedure in which successive year-on-year solutioni of the
model are generated using successively refined "guesses" of future solutions.
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thesis. With these ends in mind, the starting point for developing FEDERAL into a dynamic

model was the development of a recursive model. This has provided a tractable and

efficient means of solving the model. It has also provided a starting point for the future

development of an intertemporal model if future potential applications of the model so

require. Yet sight should not be lost of the fact that a recursive dynamic approach is not an

unrealistic approach if agents in the economy are thought to be myopic with respect to the

future state of the economy. Even if the expectations of agents are not thought to be

myopic, the recursive approach may still generate a satisfactory approximation to an

intertemporal equilibrium so long as relative prices do not change too rapidly over time

(Manne 1984). Hence, for example, the limitations of this treatment of expectations would

need to be acknowledged most in the modelling of any scenario involving dramatic and

sustained price changes.

1.4.2 Australian experience

Dynamic CGE models are capable of revealing many insights into applied economic issues

that are not possible with a comparative static model; a conclusion bome out by

applications of the MoNASH model by the Centre of Policy Studies at Monash University'

The most obvious benefit of a dynamic CGE model is that the model user is immediately

freed from the restrictions of only two time periods - the long-run and the short-run -
which typically define the temporal dimension of comparative static models. This

facilitates the analysis of economic issues that unfold over several years. Two common

examples of such issues include the phasing-in of changes to economic policy, and the

construction and subsequent operation of major pieces of infrastructure and other capital

investments. Faced with a need to analyse such issues, the user of a comparative-static

model is forced to second-best options such as concentrating solely on short-run and/or

long-run impacts, examining impacts for an assumed "typical-year" for the issue under

analysisT, or making extraneous adjustments to the model to inform the analysis with some

of the more important inter-temporal considerations for the case under investigation, such

as the speed with which the labour market clears or the division of new capital ownership

between local and foreign agentss. The user of a dynamic model such as MONASH or

FEDERAL-F is not faced with such restrictions.

7 See for example Dixon, Honidge and Johnson (1992).
8 See for example Madden (1998b) and Madden (1999).
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Recent investigations using dynamic CGE models have made explicit dimensions to
economic problems that were not amenable to elucidation using comparative-static models.
An important example of such is the question of adjustment costs to changes in economic
policy. Comparative-static models such as oRANr and ¡eoERAL are not well suited to the
investigation of the adjustment costs of policy change. Being comparative-static models,
these models produce results for the endogenous variables in terms of deviations away
from what they would otherwise have been. Unfortunately, for the modeller interested in
the magnitude of adjustment costs the values the variables would otherwise have been is
not specified in the modelling exercise. And yet this counter-factual can be a major
consideration when measuring the adjustment costs to policy change. Two recent

examples in the Australian context of ongoing tariff reform are the Centre of policy

Studies' analysis of the effect of tariff reductions on the Australian textiles, clothing and

footwear (TCF) sector (Dixon, Parmenter and Rimmer 1997) and the Australian motor
vehicles industry (Dixon, Malakellis and Rimmer 1997). The former study found that the
tariff cuts under investigation would have a long run employment impact on the TCF
sector of approximately -8.2 per cent. Broadly, this is the limit of the information on TCF
employment that would be produced by a comparative static model. However, the
MONASH model was able to specify the growth path of employment in this sector in the

absence of the proposed policy change. Employment in the sector was found to be 27 per
cent below its present levels by 2014. This implies that the potential adjustment costs for
workers in this industry could be high, since the potential employment reductions
associated with the tariff reform are projected to occur in an environment of generally poor
prospects for security of tenure in this sectore. The latter study (Dixon, Malakellis and

Rimmer 1997) provided an example of the opposite scenario. The long-run impact on
automotive output of the proposed policy was found to be negative. However this negative
impact was found to occur within a projected context of underlying growth for the
industry. The tariff cuts, while reducing output relative to what it would otherwise have
been, were projected to merely slow the industry's rate of output growth.

e Although the authors went on to conclude that, while the proposed tariff cuts may have been disruptive for a
small number of TCF workers, within the wider context of the Australian labour market, the propoied policy
would have helped many other workers avoid periods of unemployment and retraining.
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The capacity to specify the underlying base case with dynamic CGE models has allowed

other interesting insights into the potential welfare consequences of government policy. A

dynamic model allows the researcher to make projections of the changes in the structure of

the economy over time. These structural changes can have important consequences for the

welfare effects of policy change. For example, Dixon and Rimmer (1999b), in researching

the welfare consequences of a goods and services tax for Australia, found that projected

changes in the structure of the economy had an important bearing on the welfare impact of

the policy. Researchers using traditional comparative static models missed these

underlying structural changes, and hence also their implications for the welfare

consequences of the policyl0. Specifically, Dixon and Rimmer forecast that, in the absence

of the proposed policy, the prices of Australian agricultural and mineral products on world

markets would decline over the coming decade, relative to the prices of tourism services.

The proposed tax package was projected to change the composition of Australia's exports

towards agriculture and mining (the relative export prices of which were projected to be

declining) and away from tourism services (the relative export price of which was

projected to be rising). By reducing the relative share of tourism service exports in total

exports, the policy was projected to reduce Australia's future terms of trade and hence

welfare.

Dynamic CGE models are well suited to researching the nature and causes of the observed

changes in the structure of economies over time. Australian CGE models such as MONASH,

FEDERAL, FEDERAL-F, and vttvtRF are large and detailed - characteristics that are a product

of their design being general, rather than specific purpose. These models feature a very

large number of variables that describe the structure of the economy: production

technologies, household preferences, taxation rates, input shares and sales patterns, export

demand elasticities, household propensities to save, relationships between rates of return

and capital supply, and so on. To analyse the sources of change in the structure of the

economy over time, these variables can be set endogenous to the model, and appropriate

variables describing observed economic outcomes set exogenous to the model. When

these exogenous variables are shocked by the values that they are observed to have

achieved over the historical period under investigation, the model solves for values for the

endogenous structural variables that ensure that these exogenous shocks are compatible

r0 See for example Murphy (1999) cited in Dixon and Rimmer (1999b)'
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with the model theory and data. In this way, one can solve for the values for structural
variables (production technologies, household tastes, positions of export demand
schedules, and so forth) which cannot otherwise be observed. This approach was
pioneered in Australia by the Centre of Policy Studies in their applications of the M9NASH

modell'. Usittg the ¡BoeReL-n model, this method has been applied in the regional context
by Giesecke (1999a) to identify the structural and policy changes that account for the
divergent growth performance of a small and ailing regional economy in Australia. The
latter work is updated and significantly expanded upon in chapter 4.

1.5 THB CoNTRIBUTIoN oF FEDERAL-F

Outside of Australia, the field of regional CGE models is dominated by small-scale

comparative static models. Within Australia, and before the development of FEDERAL-F,

the field of dynamic multi-regional CGE models was dominated by MMRF and voNRsn.
However, both the MMRF and voNesu models face important limitations in their ability to
be used to examine regional issues with a multi-period dimension. The vunr model has

the technical capability of producing state-level forecasts over the medium term, as it
contains ORANI-F style annual average accounting of physical capital and foreign debt

accumulation. However the model does not produce year-on-year results. Also, unlike
MONASH, the model does not contain relationships that allow for major changes in the

closure of the model. This raises questions about whether the model could be used to
examine historical periods, and whether the model could be used to produce convincing
meclium term forecasts under a structural closure. Data constraints also mean that the
model must trade industry and commodity detail for regional detail: with the behaviour of
economic agents being modelled in eight regions, implementation of the model to date has

involved a high level of industry and commodity aggregation. The vox¡ss model
features extensive industry and commodity detail, and can be used to produce tops-down
forecasts for many regions. However the use of the MoNASH model to examine multi-
period issues at the regional level is subject to two broad sets of limitations. The first
relate to the method used to decompose the model's national results to the regions. These

limitations include: the independence of regional industry outputs and regional demand
patterns for inter-regionally traded commodities; differences in the shares of fixed factors
in total costs for a given industry between regions not being incorporated within the

lr see Dixon, Menon and Rimmer (2000) for a recent application of this technique.
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decomposition theory; and the absence of a constraint on the mobility of capital between

regions in the short runl2.

A second limitation is that while the model can be used to decompose the results for

shocks originating at the national level, the model is not well suited to examining the

impact of shocks originating at the state level. It cannot examine issues such as the causes

of structural changes at the regional level, the consequences of state and local government

policy changes, or foreign shocks that differ in their direct sub-national consequences. It is

precisely these types of shocks to which the FEDERAL-F model is subjected in the

simulations reported in Chapters 4,5, and 6 of this thesis.

Turning to FEDERAL, there are two broad characteristics of this model which prevent it

being used in multi-period analyses. First, the model lacks the required accumulation

relationships necessary to link flow and stock variables across multi-period simulations.

Hence, in the absence of exogenous shocks to the model, even those minimum changes in

stock variables (such as capital) that are implicit in the base-period flow data (such as

investment) have no effect on the model's endogenous variables as time passes. As a

minimum, a multi-period model should incorporate within its theoretical structure the idea

that both the act of investment, and the process of depreciation, ensures that the economy's

equilibrium changes as time passes.

The second characteristic relates to the overall structure of the model as a bottom-up

microeconomic model of the Australian economy. In undertaking multi-period simulations

with the model over historical and prospective time periods, it will often be desirable to set

exogenous some variables which aÍe rightly endogenous under comparative-static

simulations of the model. With rr¡vrnr, the reoenll model does not contain the necessary

relationships to support such departures from the traditional set of comparative static

closures.

The development of neo¡R¡.L-p aims to fill the gap between the bottom-up comparative-

static regional analysis that can be undertaken with models such as FEDERAL and vtr¿Rr,

and the dynamic tops-down regional analysis that can be undertaken with MONASH. This

12 See Madden (1990) for a fulI discussion of the limrtations of the tops-down approach employed in the

model.
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requires FEDERAL-F to feature bottom-up dynamic modelling of regional economic activity.
Furthermore, the new model is designed to remain in the Australian tradition of CGE
modelling, defined by models that are large-scale in their sectoral detail and flexible in the
range of applications to which they can be turned. The starting points for the development

of p¡o¡Rll--F are the FEDERAL and MoNASH models. With rso¡RAL as one of the starting
points, another desired feature of ¡'eteRRL-n is that it retain the detailed fiscal modelling in
its parent model. The general approach will be to add to FEDERAL those broad features of
MONASH that allow the latter model to be used in the dynamic analysis of a wide range of
issues under a variety of closures. In each instance, the particular feature that is added will
have to be adapted to the multi-regional character of ¡¡opRAL-F. In some instances, the
multi-regional dimension of the new model, the presence of its detailed fiscal modelling, or
simply a desire to attempt to improve on the MoNASH approach, will lead to a number of
departures from the MONASH theory. Innovative features of the new model include:
provision for change in the composition of exogenously determined sectoral activities
during historical simulations; the introduction of inter-regional sourcing twists to allow for
the exogenous determination of regional ouþuts; the treatment of phantom taxes as

windfall gains to capital owners; the tracking of regional industry capital ownership,

linking this with the savings behaviour of the various agents in the model; the tracking of
capital ownership on the part of inter-regional migrants; and detailed modelling of the

determinants of inter-regional migration.
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2 TngORETICAL STRUCTURE OF THE FEDERAL.F MODEL

2.1 INTnODUCTION

2.1.1 Overview of the theoretical structure of the nnonRq,l-n model

Section 2.1 starts by presenting a broad overview of the structure of the FEDERAL-F model.

This is a precursor to the detailed and exhaustive discussion of the equations of the model

in the remaining sections of Chapter 2. Section 2.1.2 goes on to provide an overview of

the model solution method, some notes on the presentation of the percentage change forms

of linearised equations, and some notes on the conventions followed in naming variables,

equations and coefficients throughout this thesis. The latter section will be of value to

those readers who are not already familiar with the Australian tradition of CGE modelling.

2.1.1.1 Production structure in rnonuur

Current production is undertaken by firms that are aggregated within individual

representative industries, and which in tum are specific to each region. Each regional

industry is assumed to produce a single commodity, which is an imperfect substitute for

the identically named commodity produced in other regions or imported from overseas.

Firms in each regional industry are assumed to face a three-tiered production function. At

the top level, effective inputs of intermediate inputs, effective inputs of primary factors,

and certain other costs, are combined in a Leontief productionl3 function to determine a

given level of activity.

Effective inputs of intermediate input commodity i are a CRESHTa combination of

commodity I sourced from r + 1 regions (r domestic regions, and overseas imports),

Effective units of primary factors are a CRESH combination of effective units of labour,

regional-industry specific capital, and agricultural land. Labour inputs aÍe further

classified into eight occupational classes, with effective units of labour being a CRESH

combination of these eight classes.

'' Thut is, a fixed proportions production function. See Dixon et al. 1992 for a description of this function.
r4 "Constant ratio of elasticities of substitution, homothetic", See Dixon et al. 1992 for a description of this
function.
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In the absence of changes in relative prices and technology, the demand by a regional
industry for inputs will be proportional to the regional industry's activity level. Within any
given CRESH nest, changes in relative prices invoke substitution towards the relatively
cheaper inputs, with the strength of this substitution being governed by the elasticity of
substitution implicit in both the CRESH parameter for that effective input and the relative
shares of the inputs to that effective unit.

Changes in production technology have a direct impact on input demands, independent of
relative prices. One option for technological change that is employed frequently (but not
exclusively) in neoEnnl-F is to ensure that such change is cost neutral. This requires

technological change to operate on more than one input within a given CRESH nest, with
these changes operating to switch or "twist" input demands within the nest in such a way
that the cost of constructing the effective input remains unchanged.

To facilitate the implementation of such cost-neutral technological change, the demand for
commodities for use as intermediate inputs, inputs into capital formation, and household

consumption are also a function of commodity-specific import "twist" terms, and

commodity specific inter-regional sourcing "twist" terms. These variables allow for the

endogenisation of the preference for both imports and domestic goods during historical and

forecasting applications of the model. Under the standard short-run closure of the model,
these variables are typically exogenous. However they can be determined endogenously to
facilitate the exogenous determination of import volumes (in the case of the import twists)
and regional commodity outputs (in the case of the inter-regional sourcing twists) that
would otherwise be incompatible with the other exogenous shocks, model theory, and
parameter values under a given simulation.

The demand for capital and labour inputs are also a function of terms allowing for changes

in the labour/capital ratio for a given ratio of the real wage and rental rate. These variables

are typically exogenous, however they can be set endogenous to facilitate the exogenous
determination of both the real wage and national level of employment in historical and

forecasting simulations of the model.
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2.1.1.2 Final demands in nnonn'qun

2.1.1.2.1 Households

Regional households are assumed to maximise a Stone-Geary utility function by choosing

among effective units of commodity i (which are in tum a cost-minimising CRESH

combination of i from the rfl geographic sources), subject to an aggregate expenditure

constraint.

The aggregate expenditure constraint of each regional household is determined by after-tax

factor income, govefirment transfers payments, direct taxes, receipts of phantom-tax

revenue, receipts of net foreign income, and changes in their average propensity to save.

After-tax income to region r residents from capital and land is related to the history of

inter-regional migration over the simulation period. Households retain the pattern of

capital ownership of the households in the region in which they were resident in the base

period, even though their current region of residence may change over the simulation

period. Labour market income is, however, determined by the region in which the

household is currentlY resident.

Two choices are available for tracking the ownership by regional households of capital in

domestic regional industries and net foreign assets. The first links changes in household

domestic capital ownership to household savings. Under this approach, foreign capital

ownership in each regional industry adjusts as a residual to reconcile the value of new

capital installed in each regional industry with that supplied by domestic agents. Under the

second approach, capital ownership shares in each regional industry are assumed fixed, and

regional household net foreign asset holdings adjust as a residual to reconcile regional

household savings with the value of any new capital that they are implicitly calculated to

own.

2. 1. 1. 2. 2 Investment and capital accumulation

Simulations of the model can be undertaken under either a comparative-static or

recursivels dynamic closure. The theory that is operational under the latter closure

15 Recursive, in the sense that the model is solved for year t, then year t+I, and so on.
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connects time periods through accumulation relationships tracking changes in regional
industry capital stocks, regional goverTrment and Commonwealth Government debt, inter-
regional migration, population growth, household foreign net assets and net interest
receipts, and capital ownership shares.

Investment in each regional industry is determined by functions speciffing the relationship
between the expected rates of return on each regional industry's capital stock in the period
til, and the rate of growth in the regional industry's capital stock during the simulation
year. These functions are based on the industry-level capital supply functions in the
MONASH model. Each regional industry faces a positively sloped capital supply function,
reflecting an assumption that investors are more cautious about the prospects for a regional
industry the greater the rate of growth in that industry's capital stock. The functions also
have an inverse-logistic shape, with the negative asymptote set marginally above the
negative of the depreciation rate, and the positive asymptote set equal to an exogenously
specified maximum rate of regional industry capital growth.

Capital creators are assumed to create units of capital by combining effective units of
intermediate inputs in a Leontief function. Effective units of commodity i are a CRESH
combination of commodity i from each of the r * I geographical sources. Capital creators
are assumed to minimise the cost of producing units of capital by substituting between the
geographical sources o f produced commodities.

The gestation lag between the undertaking of investment in one period, and the consequent
installation of productive capital in a later period, is assumed to be such that the investment
undertaken during a year is installed as productive capital at the commencement of the
subsequent year. Assuming that investment expenditure occurs uniformly across a year,
this translates to an average gestation of six months.

2.L1'2.3 Regional government and Commonwealth Government curuent outlays
Current outlays by each regional goveÍìment, and by the Commonwealth Government, on
commodity i from source ,s are assumed to be equal to the sum of commodity-specific,
source-specific, commodity and source-specific, and uniform, policy shift variables. These
variables are typically exogenous under a standard comparative static closure of the model.
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2.1.1.2.4 Foreign export demands

Three broad types of export commodity are identified in the model: traditional export

commodities (which consist largely of primary exports) non-traditional export

commodities (which consist largely of manufacturing exports), and exogenous export

commodities (which consists of the commodities Dwellings and Residential Construction).

In the absence of exogenous shocks to their export demand schedules, the volume of

endogenous export commodities are assumed to be inversely related to their foreign

cuffency price via constant elasticity export demand functions. The percentage changes in

the volumes of exogenous export commodities are determined exogenously at zero' Two

treatments of non-traditional export commodities are available. One allows for the volume

of exports of each individual non-traditional export commodity to be determined by its

own foreign cuffency export price via its own constant elasticity export demand function.

The second approach allows for aggregate regional non-traditional export volumes to move

as a block in response to changes in the aggregate regional foreign currency price index for

non-traditional exports.

2. 1. 1. 3 Mørgin commodíties

Commodity flows between regions are facilitated by usage of margin commodities. These

margins can be supplied by either or both of the source and destination regions. In the

absence of technical change, margins are assumed to be required in fixed proportion to the

flow of the commodity whose exchange they are facilitating.

2. 1. 1.4 Price equations

Firms are assumed to operate in a perfectly competitive environment. Hence per unit basic

prices are equal to per unit production costs. These production costs include net

production taxes, payroll taxes, primary factor payments, other cost tickets, and

intermediate inputs valued at purchaser's prices. The basic prices of foreign imports are

their landed duty paid domestic-currency value. Per-unit purchasers' prices (and port of

exit export prices) differ from per unit basic prices by the value of any margins, sales taxes,

and phantom taxes associated with the transaction. Commodity taxes can be levied by the
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Commonwealth Government and by any of the regional level governments provided the
commodity originates from, or is sold within, their region. Commodity tax rates vary
across commodities depending on the levying govemment, the source of supply, and the
class of purchaser. So called "phantom taxes" may be payable by all classes of purchaser.

In comparative static simulations with the model, the rates of phantom taxes are typically
exogenous and shocked to zero. However in historical and forecasting closures of the
model these taxes may be determined endogenously, with corresponding price indices and
/ or individual purchasers' prices for commodities determined exogenously. The revenue
from these taxes is assumed to accrue to households in each region (in the form of changes

in super-normal profits or losses), in proportion to their ownership shares in the capital of
the industries producing the commodities upon which the phantom taxes are accruing.

2. 1. L 5 Market-clearing equatíons

Demand and supply are equated for all commodities, and for regional industry capital
stocks and land. In comparative-static simulations, labour supply is assumed to be
perfectly elastic in the short-run and exogenous in the long run. In policy or deviation
simulations, with a year-on-year closure of the model, a MoNASH-style labour market
adjustment mechanism operates to return aggregate emplo¡.nnent to its base level over a

period of about five years following the policy shock, via adjustments in the economy-
wide real wage.

2.1.1.6 Regional government and commonweølth Government receipts

Commonwealth Government receipts from PAYE taxes, income taxes on rents from
capital and land, import duties, production taxes, commodity taxes, export taxes, and other
receipts are explicitly modelled as being determined by both the relevant tax bases upon
which each tax is levied, and the rates of each tax. Inter-governmental fiscal relations are

modelled through Commonwealth transfers to each regional goveÍlment. Commonwealth
nominal outlays on unemployment benefits antl other transfer payments are determined
through both indexing relationships to the consumer price index and policy shift variables.

Regional government receipts from payroll taxes, residential land taxes, commercial land
taxes, fees and fines, commodity taxes, and production taxes, are related to movements in
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the relevant tax bases and the rates of each tax. Outlays on transfers to persons are

determined through both indexing relationships to the consumer price index and a policy

shift variable.

Outlays on interest payments by both levels of govemment are related to the stock of the

respective govemment's outstanding debt. Outstanding debt for a given level of

government at the commencement of each simulation period is equal to their outstanding

debt at the beginning of the previous simulation period, plus their net financing

requirement for the previous simulation period.

Like regional households, both the Commonwealth Government and the regional

governments each receive an allocation of phantom tax revenue in proportion to their

ownership of capital in the industries producing the commodities upon which the phantom

tax revenue has accrued.

2. 1. 1. 7 Inter-regio nal migratíon

A two-region adaptation of Jones and Whalley's (1989) migration theory is used to

determine regional populations during the policy simulations undertaken in Chapter 6' It is

assumed that individuals in each region differ in the intensity of their preferences regarding

the region in which they might reside. This preference is reflected in a penalty that the

individuals are assumed to incur if they leave their initial home region. The locational

penalty varies across individuals. Individuals base their decision on the region in which to

reside by weighing the locational penalty associated with migrating, against a measure of

the additional real income they might receive if they were to migrate. This measure of

income excludes those components of income that are invariant to the region in which the

individual resides (such as capital returns). The measure does include real per-capita

expected wages, real per-capita fiscal variables (namely: regional government consumption

spending, Commonwealth transfer payments, regional government transfers to persons,

regional goveÍtment income and other taxes, and other Commonwealth taxes) and real

per-capita expected unemployment benefits. Expected wages and expected unemployment

benefits are calculated using the unemployment rate in each region as an indicator of the

probability of employment. Inter-regional migration then responds to changes in the

relative measure of expected real per-capita income between the two regions. If this
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measure changes, then some number of those individuals who reside in the region
experiencing the relative decline in per-capita income, and who have the weakest
preference (ie. incur the lowest penalty from migrating) for their home region, will now
desire to live in the other region, This establishes the desired level of inter-regional
migrants. Some proportion of the gap between the actual and desired level of inter-
regional migrants is then assumed to be closed in each period through inter-regional

migration.

2. 1. 1.8 Other equations

Many other equations compute aggregates derived from the equations of the core model, as

outlined above. These equations calculate such variables as the balance of trade, the level

of employment and unemployment, a complete set of regional and national income
accounts, and the like. Other miscellaneous equations index various prices, wages,

unemployment benefits and per-unit tax rates. Many equations exist to facilitate the use of
extraneous values for certain variables during historical and forecasting simulations of the

model.

2.1.2 Solution method, and the derivation and presentation of percentage change
forms

2.1.2.1 Overview of the Johansen / Euler solution method

The ¡'¡o¡Rel--¡' model consists of a system of non-linear equations when expressed in
terms of the original levels versions of the equations. This system of equations is solved

using the Johansen / Euler solution method. This involves f,rrst converting the system of
non-linear equations to a system of linear equations by taking total differentials of each

equation. Deviations in the values of the model's variables away from their initial values

are then evaluated in a number of steps, with the partial derivatives in the system of linear
equations re-defined at each step. This technique is implemented using the cnuplcrc suite

of computer programs (Pearson (1988) and Harrison and Pearson (1996)). The following
description of the Johansen/Euler method draws on similar discussions in Dixon et al.

(1992) and Dixon and Rimmer (1999a), and the reader is referred to these publications for
further elaboration on the method.

3¿



THEORETICAL STRUCTURE OF THE FEDERAL-F MODf,L

The ¡eopR¡.I--r' model can be represented as a system of equations describing economic

activity in period / as follows:

H(v, )= 6 (82.1.1)

Where H is a vector function of length m, and V, is a vector of length n of equilibrium

values for year r which satisff (82.1.1). It is assumed that H is differentiable, and that n >

m,reqtinng that the value of n - m variables be determined exogenously.

Equation (E2.LD forms the starting point for solving FEDERAL-F as either a comparative-

static model or a dynamic model. In solving FEDERAL-F as a dlmamic model, I follow the

M9NASH approach of solving (F;2.1.1) on a year by year basis: that is, each solution period

is equal to one year. Within each year, values are provided exogenously for n - m

variables, and (82j 1) is then used to solve for the remaining m components of V, . Each

solution period is linked by the fact that the initial values for the stock components of V,

are equal to their post-simulation values for r-1.

The first step in implementing the Johansen / Euler solution method is to convert (E2.1.1)

into a system of linear equations by totally differentiating each function, and then

expressing the variables in terms of either percentage or absolute rates of changel6'

Generally, percentage rates of change are the preferred mode of expressing the linearised

variables because the coefficients in the equations in which they appear are then more

easily interpretable. Expression in terms of absolute rates of change is typically reserved

for variables that can pass through zero, and for certain govemment accounts variables.

For convenience, here I assume that all the variables in the linearised expression of

(82.1.1) are converted to percentage rate of change form, so that the model now expressed

as a system of linear equations becomes:

A[v, þ, = o (82.1.2)

16 See Sections2.l.2.2 and2.1.2.3 for an example and further discussion on this

33



CnnprnR 2

Where A(V,) isanmxnmatnxof elasticitiesevaluatedat V, ,arrd v, isthen x l vector

of percentage changes in the variables away from V, . To calculate how the model's

endogenous variables respond to changes in the model's exogenous variables, it is

necessary that an equilibrium vector V, is available. This is initially the base year data, or

V,-, , although in a multi-step (Euler) solution V, is re-evaluated at the commencement of
each step. For the moment, (82.I.2) can be written:

A" (v,_, \rï * xu (v, , Þ,' = o (F,2.t.3)

avl

v b

Is the lø x 1 sub-vector of endogenous components of v, ;

Is the n - m subvector of exogenous components of v, ;

Is the m x m matrix of elasticities corresponding to the endogenous

variables, evaluated using the solution to the model for t-l; and

Is the m x (n-m) matrix of elasticities corresponding to the exogenous

variables, evaluated using the solution to the model îor t-lr

A" (v,, )

A'(v, , )

Equation (82.1.3) can be re-arranged to express the percentage changes in the model's

endogenous variables, vl , as a function of the percentage changes in the model's

exogenous variables, vf :

vï = -A" (v,-, )-' n' (v,-, Þ,' (82.t.4)

Or more compactly,

vi = a(V,-,þl (E2.r.s)

Where B(V,_, ) is defined as - An (v,_, )-'R'(v,-, )

34



THEORETICAL STRUCTURE OF THE FEDERAL-F MODEL

Equation (F;2.1.5) is a satisfactory representation of the solution method when a single-step

(Johansen) solution method is employed. In this case, V,:V,-,. In a multi-step (Euler)

solution, this is only true for the solution to the first step. In an Euler computation, the

percentage changes in the exogenous variables are divided into and administered in fr steps,

such that the change in each exogenous variable is divided into fr equal steps. In the case

of a two-step Euler computation, the impact on the endogenous variables after the first step

would be calculated as:

vitt,,l = B(V,-, Þf,.rt (82.r.6)

where the subscript lI,2] denotes the first step of a two-step computation. The solution for

year t is now re-evaluated at this point, that is, where the levels of the exogenous variables

have moved half way towards their new values:

V,[,,r] = V,, (t + v,,,,r, /tO0) (82.t.7)

The effects on the endogenous variables ofthe second step are now evaluated as:

v ïlr.rl =B (V,,,,r, \, ir.rl (E2.1.8)

and the two-step solution for year t can then be evaluated as

v,[z,z) =v,, (1 * u,,,,r, /to0þ + v,¡2.21 /100) (E2.r.e)

The two step solution is likely to be a more accurate estimate of the true solution to

(E2.1.1) than a Johansen solution, and increasing the number of steps is likely to improve

further the accuracy of the solution (Dixon and Rimmer 1999a). In the simulations

undertaken in Chapters 4 - 6 of this thesis, I use Euler computations ranging from 8 to 32

steps. Through experimenting with the number of steps, while moving between

historical/forecast and structural closures of the model for any given simulation, I found
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that the accuracylT of the solution at the regional level could be sensitive to the size of the
shifts in export demand schedules. For the majority of simulations, 8-step Euler solutions
were sufficient, however for one year in which there were relatively large movements in
export demand schedules a 32-step solution was used to guarantee that the structural
closure reproduced the results of the historical closure.

2.1.2.2 The lÍnearised expression of rnonntr-n equøtions

As already discussed in Section 2.L2.1, many of the equations in ¡¡opRqr--F are non-linear
in their original levels form. Following Johansen (1960), and the Australian tradition
established by Dixon et al. (1982), the model is solved by first representing the levels

equations in percentage change form. Expressions in percentage rate of change form can

usually be derived from the original levels equation using one of three rules (Dixon and

Rimmer I999a):

Where X, Y, and Z are levels of the variables, and x, y, and z are the respective percentage

changes in those levels. For example, a levels equation of the form:

X:YZ becomesx:y+,
X:Yo becomes x: (xy

X: Y + Zbecomes Xx :Yy -t Zz

(Multiplication rule)

(Power rule)

(Addition rule)

(E2.1.10)

(E2.1.11)

X

-1" 

o* * 'sw[Il"- lot - dz xl
I lzJ \z zz)

o

Y=0 +V
Z

(where V, Vy', X, Y, Z are variables, and a and p are fixed parameters) is converted to a
percentage rate of change form by first taking the total differential of the equation:

o"_p[ X +dv
Z

'7 In terms of the capacity of the shocks under the structural closure to reproduce the results of the
historicaVforecast closure.
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Percentage changes in the 5 variables in (E2.1.10): V, W, X, Y and Z; are then defined as

u=$too,* = 
9Y1go, 

and so on.

So that the original levels equation becomes:

!: Aow + aAoG - ")+ A,v

Where

(F,z.r.12)

A

a, = [gw[x tzf"v' +rl'

The original non-linear equation has now been transformed to a linear percentage rate of

change form. The lower case letters in Equation E2.l.I2 - the percentage rates of change

in the original underlying levels variables - are the variables in the linear equation. The

upper-case letters represent the coefficients in the new equation. In the first step of a

multi-step solution these coefficients are evaluated at the values they possessed in the

original (pre-simulation) solution to Equation F;2.1.70, and they are then recomputed in

subsequent steps as the solution moves away from the original solution.

2.1.2.3 A note on the presentation of equations, variable nømes' and cofficient names

In presenting the complete FEDERAL-F equation system in Appendix A, it is the percentage

rate of change equations that are presented, not the underlying levels equations. In many

instances, the form of the underlying levels equation is readily apparent in the percentage

rate of change form. Nevertheless, each equation in Appendix A is described in the

remainder of Chapter 2. The detail devoted to the description of each equation differs

across equations, depending on the extent to which the equation differs from (or is in fact

present in) the original FEDERAL model. Either the levels representation or a detailed

discussion of new and modified equations is typically provided for those equations that are

either not present in pgoBnRL, or represent a significant modification of an equation that is
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present in that model. The remaining equations (that is, those that are not changed from
the originai r¡oeR¡l model) are discussed in a more summary manner, while still allowing
the reader, if they desire, to recover the form of the underlying levels equation from the

original descriptions in Madden (1990), or Dixon ct al. (1982). To further assist the reader

in interpreting the percentage rate of change equations, Table 2.1.1 presents examples of
percentage change equations, and the underlying levels equations from which they are

derived (Honidge, Parmenter, and Pearson 1998). Two forms of the linearised equations

are presented in Table 2.I.I: "intermediate form" and "percentage change form". The key
difference between these forms is that the "intermediate form" stops one step short of
evaluating the share-based coefficients on the right hand side of the "percentage change"

form equations. In constructing the computer implementation of the model, the

"intermediate form" is often preferable to the percentage change form because it obviates

the need to evaluate a large number of share coeffrcients. Both intermediate and

percentage change forms of the linearised equations are present in ¡poBReL-F, and so will
be found in the equations presented in Appendix A.

A number of reo¡RAL-n equations, in the levels, are the sum and/or difference of quantity

or value variables, such as given by examples 9-1 1 in Table 2.I l. To avoid calculating a

large number of share coefficients for these equations, their percentage change

representations are typically presented in intermediate form. However, to facilitate the

description of these equations in the remainder of this chapter they may nonetheless still be

described as a share-weighted sum of percentage changes, reflecting the equivalence of the

intermediate and percentage change forms.

A final word on the presentation of the FEDERAL-F equations relates to my choice of
variable and coefficient names. In presenting the equations in Appendix A, I have made a

choice not to continue using the, equation, variable, and coefficient names of the original
FEDERAL model. First, reoeReL equations were distinguished from one-another by
equation numbers. In tEDERaL-r, I have followed the MoNASH equation naming

convention. Each equation has been named after the variable which it can most easily be

thought of as "determining" (in this case, under a standard comparative-static short run
closure). Second, the naming of r'¡o¡RqL variables and coefficients followed conventional
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Table 2.l.lz Examples of percentage change forms

Example (l)
Original or Levels Form

(2)

Intermediate Form

(3)

Percentage-Change Form

I
2

J

4

5

Y4
Y:X
Y:3X
v:xz
Y:X]Z

Xr:M/4Pr
Y:X3
Y: X"

Y:X+Z

YY:4*o
Yv: x*
Yy:3Xx

Yy --XZx+XZz
Yy: (ñZ)x- (ñZ)z

v:0
y:X
y:X

y --x1' z

Y:X-Z or

100(Z)AY:Xx-Xz
xr : m-Pr

Y:3x
y:crx (a assumed constant)

Y: S^x * S,z

where S* : X/Y, etc

y:S"x-S,z or

100(^Y) --Xx-Zz
y: S"x * S"z

where S*: PX./PY, etc

6

7

8

9

Xrxr = (M/4P¡)m - (M/4P¡)P1

Yy: Xt3x

YY: X"crx

Yy:Xx+ Zz

10 Y:X-Z Yy:Xx-Zz

PY:PX+PZ PY(y+p): PX (x+p) +PZ(z+P)

Z:Exi

or

PYY:P\a+PZz
Zz:EXix¡ or 0: XX¡(x¡z)

XP: XXIP¡ XP(x+p): XX¡P¡(x¡+P)

ll

l2

l3

z: XS¡x¡

Where S¡: X¡Z

x+p : XS¡(x¡+p¡)

Where S¡: XiP¡/XP

Source: Reproduced fi'om Horridge, Parmenter and Pearson (19

lines - that is, relying on single Roman and Greek characters with the addition of a large

number of subscripts and superscripts to expand the range of available names' This

approach has not been followed in presenting the FEDERAL-F equations. Rather, the names

allotted to both variables and coefficients are typically comprised of a sequence of letters

and numbers, and these often bear some phonetic andlor abbreviated relationship to the

"long name" for the variable or coefficient. I have followed this approach for a number of

reasons. First, the FEDERAL-F model contains approximately 600 variable names and 360

coeff,rcient names. This is too large a number to allow for the continued use of the original

FEDERAL notation. Second, the variable and coefficient names used in this thesis

co¡¡espond to the variable and coefficient names used in the rRsl-o representation of the

model (that is, the computer implementation of the model. See Pearson (1988) and
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Harrison and Pearson (1996)). This facilitates the task of ensuring that the FEDERAL-F

equations as documented here correspond with the actual computer implementation of the

model. Notwithstanding the advantages of using this notation to present the equations in
Appendix A, it can nevertheless prove cumbersome when deriving or discussing these

equations in other sections of the paper. Hence, to facilitate derivation and discussion of
individual equations, I will often resort to more traditional notation in the remainder or this

chapter. In all such cases the correspondence between this more traditional notation, and

the notation in Appendices A-C will be self-evident. Finally, those variables and

coefficients that trace their origins to the MoNASH model, typically bear similar names to

their counterparts in this national model. This serves to both facilitate a more rapid

understanding of the function of these variables among readers who are familiar with
MONASH, and to acknowledge the origin of the theory of which these variables form a part.

2.2 cunnnNT pRoDUCTToN AND coMMoDrry ourpurs

2.2.1lntroduction

The equations in Appendix A Section 1 describe both industry outputs, and the demands

by industry for intermediate inputs, primary factors, and other costs as inputs to current

production. The section also includes equations which link variables describing

employment and output for broad sectoral groupings with the industries and commodities

represented in the present implementation of the neoeRRI--¡ model. These equations

facilitate the exogenous cletermination of sectoral outputs and employments during

historical simulations. The structure of a number of the equations relating to industry input
demands and outputs in the original FEDERAL model are easily identifiable among the

equations in Section 1 of Appendix A. As described in more detail in Madden (1990),

firms are assumed to face a fixed-proportions production function, in which effective

inputs of intermediate inputs, primary factors, and other cost items are combined to
produce a given level of activity. An effective input of a given intermediate input

commodity is a CRESHI8 combination of that input from the foreign source and each of
the domestic sources. Effective inputs of primary factors are a CRESH combination of
land, labour, and capital. The effective labour input into a regional industry's primary

r8 "Constant ratios of elasticity of substitution, homothetic." See Hanoch (lg7l).
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factor input is itself a CRESH combination of labour of eight occupational types'

Commonwealth and regional government net production taxes are levied in fixed

proportions to industry outPuts.

2.2.2lntermediate input demands for current production

Industry demands for source specific intermediate inputs in ¡'eoenRL-F are described by

Equations E_xlt and E_xln. The structure of each of these equations is based on FEDERAL

Equation 1. The reader is referred to Madden (1990) for a discussion of the derivation of

the basic form of this equation. The key difference between Equations E-xl,t and E-xln

and peop¡er- Equation 1 is the addition of both the domestic / foreign twist terms, and the

inter-regional twist terms. These terms are used to impart cost-neutral shifts in the

intermediate-input production technologies, with these shifts changing the domestic /

foreign, or local / inter-regional input shares. A detailed discussion of the derivation and

application of these variables is provided in Section 2.18.

2.2.3Demands for PrimarY factors

Industry demands for primary factors in pposRAI--F are described by Equations E-x-priml,

E_x_¡trim2, and E_xgim3. The structure of each of these equations is based on FEDERAL

Equation 5. Again, the reader is referred to Madden (1990) for a discussion of the

derivation of the basic form of this equation. The key difference between equations

E_x_priml - E x_primi and Equation 5 is the presence of the labour I capital twist terms

on the equations describing regional industry demands for labour (E xgiml) and capital

(E-xgim2). These terms are used to impart cost-neutral shifts in labour I capital ratios

(either economy-wide, or at the regional industry level).le The percentage change in the

regional industry specific labour I capital twists is determined by Equation î1ff-twistlk as

the sum of general, region-specific, and regional industry -specific, shift terms. Under the

standard comparative static closure, the twist terms are inoperative, with twistlkt.,

determined exogenously, and Equation EJf-twistlk rendered inoperative via the

endogenous determination of the values of ff-twistlki,,. The equation is brought into

le The reader will see that the general form of these twist terms is identical to that of the inter-regional twist

terms appearing in the equations for domestic demands for A ds. The derivation of the

labour/ðapital twist termi follows the same logic as that used onal sourcing twist terms

(derived in Section 2.18). Hence a separate derivation ofthe not provided'
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operation in the historical simulation by swapping the endogenous / exogenous status of
the variables twistlk,,, andff-twistlþ,,. Equation U1ff_twistlk then provides the user with
some flexibility in the determination of regional industry specific labour / capital twists,
depending on which of the right hand side variables are determined endogcnously.

2.2.4 Production taxes and other costs

Equations E xcost, E_xsptax, and E xcptax are unchanged from Equations 2, 3 and 4 in
Madden (1990). Commonwealth and regional government production taxes are assumed

to be levied on a per-unit of output basis (hence no technical change variables appear on

these equations). Since these are per-unit taxes, the percentage rates of change in the

number of "production tax tickets" payable by a regional industry (xcptax¡., and

xsptax ¡,,) are equal to the percentage rate of change in the regional industry's output

(zact ,,,). "Other costs", or "working capital", (xcost ¡,,.) is assumed to enter the Leontief

production function directly. Therefore, in the absence of all-input using technical change,

the percentage rate of change in the usage of working capital by a regional industry is
equal to the percentage rate of change in that regional industry's activity level (Equation

E_xcost).

2.2.5 Demands for labour distinguished by occupation

Equation E-xlab models the substitution possibilities that are available to each regional
industry between labour of different occupational types. These substitution possibilities

are governed by a CRESH function for the production of effective units of labour. This
equation is essentially unchanged from Equation 6 in Madden (1990), and the reader is
referred there for a full discussion of its operation. The only difference between the two
equations is a trivial one - the occupation-specific technical change terms that appear in
Equation 6 have been suppressed in Equation E_xlab. These terms are not used in any

simulation undertaken in this thesis, and so have been omitted from Equation E xlab for
simplicity.
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2.2.6 Regional industrY outPuts

Equations E x_rind and E_x_tol replace Equations 8, 9, and 65 in Madden (1990). This

simplifies the determination of regional industry outputs in FsleReI--r. The original multi-

product theory given by Equations 8 and 9 in rpoen¡,L is replaced in ¡Bo¡ut--p with the

unique-product theory given by Equation E_x-rind. The coefficient SHOIRJ¡;,. in

Equation E-x_rind is an identity matrix. Hence the percentage change in the output of

commodity i by regional industryj,r is equal to the percentage change in the activity level

of regional industry j,r for i:j, and zero otherwise. Equation E-x-tot (Equation 65 in

Madden 1990) calculates the total ouþut of commodity uftom region r. The coefficient

B ZERO,;,, represents the share of the output of commodity ø from region r accounted for

by production by industry j. Again, because industries are assumed to represent unique

product firms in FEDERAL-F, this means that the coeff,rcient B ZERO,,:,. is an identity

matrix.

Equation E-x_total calculates the percentage change in the economy-wide output of

commodity ø as the weighted sum of the output of commodity r.r from region r. The share

weights are given by the regional shares in the economy-wide output of commodity z'

2.2.7 Exogenous determination of regional industry outputs

Information is available on output by industry by year from the Australian Bureau of

Statistics (ABS). During historical simulations of the model, these data are used to

determine output by industry for both Tasmania and Australia as a whole. Unfortunately,

the sectors for which the ABS provides these data are broader in their definition than the

commodities represented in FEDERAL-F. Hence it is necessary to establish a link between

these broad output sectors and the FEDERAL-F commodities. Equations E-x-sr, E x-s,

E1fx_total, Elfx_tot, E_detJ_al EJai, and g1fi_twist_isbot facilitate the exogenous

determination of sectoral commodity outputs, both at the regional and national levels,

during historical simulations of the model. These equations provide the model user with

two options for setting sectoral commodity outputs exogenous. The first constrains the

percentage change in the output of each FEDERAL-F commodity within a given commodity

sector to equal the exogenously specified percentage change for the commodity sector as a

whole. The second technique merely constrains the weighted sum of the outputs of each

FEDERAL-F commodity within a given commodity sector to equal the exogenously
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specified percentage change for the commodity sector as a whole. Each of these

approaches is described in turn below.

'l'he first option fbllows a similar technique employed in the MoNASH model for setting

economy-wide outputs exogenous (Dixon and Rimmer 1999a). Equation E_.x_sr

calculates the percentage change in the output of commodity sector s in region r as the

share weighted sum of the percentage changes in the outputs of the commodities in region
r that are subsumed within sector s. The term "commodity sector" here is used to refer to
some collection of the commodities in the set coM. ABS data are available on output by
commodity sector2O, but not necessarily for each of the individual commodities in the set

cov. Each of the commodities in the set coM is allocated to a unique element of the set of
commodity sectors, xcoM. Hence, each of the s elements of xcol,t can in turn be described

as a set, each containing elements of the set colr¿. These s sets are described by

QINDEXNO..2I Note that the shift variable fxsr, allows for the weighted sum of regional

sectoral commodity ouþuts (x_sr,,) to deviate from the weighted sum of regional

commodity outputs (x_tot,,,). By setting exogenous the regional sectoral commodity

outputs during an historical simulation, one effectively sets exogenous real gross regional
product at factor cost. Small differences between the ABS and model data on the implicit
shares of sectoral value added in total gross regional product at factor cost can lead to
differences between the value for real gross product at factor cost as calculated by the

model, and that as provided by the ABS. If the ABS value for gross regional product at

factot'cost, for one region, is chosen to override the value as would otherwise be calculated

by the model (as is done in Chapter 4 of this thesis), then the appropriate element of fxsr,
is set endogenous, and r_grpfc3, is set exogenous and shocked by the ABS value. The

variable fxsr, then ensures that the results calculated for x_tot,.,reconcile with both the

exogenously determined sectoral outputs and the exogenously determined gross regional

product at factor cost. The values attained by fxsr, must be examined to ensure that they

are not overly large. Such a result would suggest important differences between the model

and ABS shares of industry value added in gross regional product at factor cost. Large

'o By defrnitron - since the ouþut sectors are defined on the basis of the availability of ABS data on output
by commodity. See Section 4.4.4.
2l See the set descriptions and elements in Appendix A. I 8.
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differences between official statistics and the database would need to be isolated,

investigated, and possibly remedied.

Equation E_!_s calculates the percentage change in the economy wide output of

commodity sector s (x_s,). This is the weighted sum of the percentage change in the

regional commodity sector outputs (x_sr,.,). The relevant share weights are given by the

share of region r's output of commodity sector s in the total economy-wide output of

commodity sector s.

Equation E;fx_tot provides the first of the two possible links between the exogenous

determination of regional sectoral outputs, and the regional outputs of the elements of the

set CoM. Under the standard comparative static closure of the model, the variable

fx_tot,., is endogenous. This variable does not appear elsewhere in the model, and so its

endogenous status renders Equation Elfx_tot inoperative. Under the historical closure, one

may wish to set certain elements of the set xCoM for region 1 exogenous. To do this, the

appropriate elements of the variable x_sr,., are set exogenous, and the corresponding

elements of shift variable fr_tr,., are set endogenous. Equation E-.;fx-tot is then brought

into operation by setting exogenous those elements of variable fx-tot,,, that correspond

with the commodities that are subsumed within those sectors whose outputs are being

determined exogenously. In order to reconcile the commodity outputs that are now given

by Equation Elfx_tot with those given by the sum of the demands for the commodity by

current producers, capital creators, households, foreigners, and governments, it is

necessary to set endogenous some variables relating to the preference for the commodities

the output of which is now determined by Equation E1[x-tot Two choices are available:

either the source-specific technical change shift terms (ais,,,) or the inter-regional sourcing

twist variables ( rwlst_ isbot,) can be determined endogenously. Depending on the nature

of the commodity, either of these might be chosen. The considerations covering the choice

of which of these variables to set endogenous for any given commodity are discussed in

Section 4.4.4. Note however that by bringing Equation E-1fx-tot into operation, the

percentage change in the output of each of the elements of coir¡ subsumed within

commodity sector s will be identical.
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An alternative to this approach (and the one used in the simulations undertaken in this
thesis) is to allow commodity outputs within a given commodity sector to vary, while
simultaneously ensuring that the weighted sum of the percentage changes in these

commodity outputs sums to the exogenously specified percentage change in thc output of
their commodity sector as a whole. An advantage of this approach is that it allows the

commodity composition of a given commodity sector to change over time, thereby

reflecting some of the model's information on the relative growth prospects of individual
commodities within each commodity sector. Equation Elfi_nuist_rsåor (See Section

2.18.2) is used to implement this procedure. Instead of setting fx_tr,.^n,, endogenous, the

relevant elements of n'vist rs s" are set endogenous. Equation E1Íi_nuist_isbot is then

brought into operation by swapping the endogenous / exogenous status of the appropriate

elements of nuist_isbot¡ andJi_twist_isbot¡. The equation then operates to deliver identical

inter-regional sourcing preference twists to each commodity within a given commodity

sector. The value of this twist will be such that the weighted sum of the percentage

changes in individual commodity outputs within a given commodity sector equals the

exogenously specified value for the percentage change in the output of that commodity

sector. One of two dampening terms can also be brought into operation. XIS_DAMPl
provides an extra twist in favour of the commodity sourced from region 2 for those

commodities that are experiencing strong growth relative to the GSP at factor cost of
region l. Alternatively, XIS_DAMPI can be set equal to zero, and a value provided to
XIS_DAMP2. This provides an extra twist in favour of the commodity sourced from
region 2 for those region 1 commodities that are growing strongly relative to the growth in
the output of the region 1 commodity sector in which they are classified. In the historical

simulations undertaken in Chapter 4, a value of zero has been given to XIS_DAMP1, and a

value of I has been given to XIS_DAMP2.

Equation Ejx-total serves a similar role to that of Equation E1[x_tot. However, whereas

the latter relates to outputs of regional commodities, the former provides the link between

the exogenous determination of sectoral outputs at the national level, and the outputs at the

national level of the elements of the set coM. Under the standard comparative static

closure of the model, Equation Ert_total is rendered inoperative via the endogenous

determination of the variable fx_total,. This variable only appears in this equation.

Under the historical closure, most of the elements of the variable x_sr are determined
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exogenously. The corresponding elements of the shift variable fx_s, are set endogenous.

Equation E1f'x_totat is then brought into operation by setting the appropnate22 elements of

fx_total, exogenous. The shift variable fx_s,then imparts equal percentage rates of

change to the outputs of all those national commodities (x_total,), for which i is classified

within sector s. The values attained by shift variable f*-t, are determined by the need for

output by commodity (See Equation E x_total) to sum to output by sector (see Equations

E_x_sr and E_x-s).

With fx_total, in Equation Elfx_total exogenous, it is necessary to set endogenous some

other variable in the model to ensure that the demands for these commodities, as calculated

endogenously by the model, are compatible with the exogenously specified sectoral

outputs. This is achieved by setting endogenous the appropriate elements of the

commodity-specific technical change shift variable ai,. This variable operates as a

uniform (across sources and users) shift variable in Equations E-alisjr, E-a2isir,

E_almar, E_a2mar, E_a3mar, E_a4mar, E_aïmar, E-a6mar, and E ;x3,ff-na. Hence

values for the exogenously determined commodity outputs are reconciled with the

endogenously determined commodity demands via shifts in commodity I using technical

change among current producers, capital creators, and in the provision of margin services

to facilitate transactions by all users. The variable ai¡ also appears in Equation E--x3-.ff-na'

Under the historical closure, this variable allows the percentage change in the household

demands for commodity i cross-classified with national accounts sector na to deviate from

the results for national accounts sector na (independently of any such deviation given by

Equation E x3_imputed). This allows changes in household demands to contribute

towards the achievement of exogenous sectoral commodity outputs through changes in the

commodity composition of the national accounts consumption categories. These in turn

are accommodated by changes in household tastes, which are endogenous under the

historical closure (See Section 2.5.2).

Equation E1fx_total operates to equalise percentage changes in commodity outputs within

each commodity sector. Equation EJai provides an alternative approach, which allows for

2' That is, those elements relating to those commodities in the set COM that are now effectively being

determined exogenously by the exogenous status of certain elements of .X_,S, .
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the exogenous determination of national sectoral outputs, while also allowing variation in
ihe commodity composition of nationai sectoral outputs. Under the standard comparative
static closure, and under an historical closure in which Equation Elfx_totat is operational,

Equation EJai is inoperative due to the endogenous determination of fai¡. As a¡
altemative to Equation Ert1otal, Equation EJoi can be brought into operation by setting
shift-ai, endogenous when national sectoral outputs (x_s,) are set exogenous. The equation
is then brought into operation by swapping the endogenous / exogenous status of the

appropriate elements of ai¡ and fai¡. With X_DAMPi set equal to zero, Equation EJ"i
operates to impart identical values to commodity using technical change for all
commodities within each exogenous commodity sector. A positive value for X_DAMpi
provides an extra deterioration (improvement) in commodity using technical change for
those commodities that are growing slowly (quickly) relative to the output of the
commodity sector in which they are classified. It is this equation (rather than Equation
EJx-tota) that is used in the simulations reported in Chapter 4 of this thesis. The

coefficient x_DAMPi has been given a value of 1 in these simulations.

2.2.8 Neutralisation of the cost impacts of technical change

Changes in commodity i using technical change on the part of current producers and

capital creators will have implications for the costs of current production and capital
creation. Following a similar treatment in tr¿oNRsu, the potential impact of these technical
changes on the costs of these two types of user is neutralised by introducing a second set of
technical change shocks. Specifically, regional industry all-input-using technical change is
effectively shocked (within the model) so as to ensure that the costs of current production
and capital creation are not affected by the commodity using technical change outlined in
Section 2.2.7 above. These shocks are calculated within the model by Equations
E-dell-al (relating to current production) and E_detJ_a2 (relating to capital creation).

Under the standard short-run comparative static closure of the model, the variables

delJ-a1,,, and dell-a2,., are endogenous, effectively removing these two equations from
the model. However, during the historical simulations, the two equations are brought into
effect by setting endogenous the all-input-using technical change variables a_inl', and
a_in2¡,,, and setting exogenous the shift variables delJ_a1,,, and delJ_a2,,,. The percentage

change in the all-input-using technical efficiency of j,r is then given by the share-weighted

difference of the percentage rates of change in the commodity i input-using technical
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changes experience dby j,r. The relevant weights are given by the share of the purchaser's

value of the commodities experiencing technical change in the total of those elements of

production costs that can be affected by all-input technical change. While all inputs into

capital creation are affected by the all-input technical change variable a-in2¡,u this is not

the case for current production. As discussed above in reference to Equations E-xsptax

and E;xcptax, the per unit Commonwealth and regional government production taxes are

unaffected by all-input using technical change. Hence these two components of total

current production costs are explicitly excluded from the denominator in the (implicit)

share calculations in Equation E-delJ-a1.

2.2.9 Exogenous determination of sectoral employments

Equations E_emp-s, E-.¡þmpjr, E-empjr, and ElÍof"" facilitate the exogenous

determination of regional sectoral employments during historical simulations of the model.

The first three of these equations implement a similar technique (hereafter "Option 1") for

exogenising national sectoral employments to that used in the tr¡oNnsH model. 'When

operational, these three equations operate to equalise percentage changes in regional

industry employments within employment sectors. Equation EJfofo" provides an

alternative treatment (hereafter "Option 2"), which still allows for the exogenous

determination of sectoral employments but while also allowing the industrial composition

of employment within each sector to vary. Under the standard comparative static closure

of the model, Equation E_empjr simply links the variable defining regional industry

demands for labour (x-prim,"uo,,,¡,,) from the core of the CGE model, to the definition of

regional industry employments used within this set of equations dealing with the

exogenous determination of sectoral employments (empjr,.,). Equation E-emp-s then

calculates the percentage changes in regional sectoral employments (emp-sr,) as the share-

weighted sum of the percentage rates of change in employment in those regional industries

subsumed within each regional employment sector. Equation E-1þmpjr is rendered

inoperative via the endogenous status of the shift variable fempir,.,. Similarly, Equation

Elfofo" is rendered inoperative via the endogenous determination of the shift variable

ffofoc¡.,.
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Under an historical closure, regional sectoral employmenls (emp_s,,,) are set exogenous,

and either the shift variables femp_s,,, in Equation E1þmpjr (option 1) or the shift

variables shft-afac,,, in Equation Elffafac (Option 2), are set endogenous. If the user
desires to implement Option 1, then the link between regional sectoral employments and

regional industry employments is established by setting exogenous the appropriate

elements23 of the shift variable fempjr,.,and setting endogenous the corresponding

elements of the regional industry primary factor technical change shift variables

f _a_facjr.,.,. The shift variable -f"*p_r'",, in Equation E1þmpjr then imparts equal

percentage rates of change to the levels of employment of all regional industries (empjr¡,,)

within a given regional employment sector to ensure, via Equation E_emp_s, that the share

weighted sum of those regional industry employments is equal to the exogenously

specified employment within the regional employment sector to which they are allocated.

Equation E-empjr simply operates to translate the percentage rates of change thus

calculated within this set of equations, to the definition of regional industry employment

used within the remainder of the CGE model (that is, x_primhbou,,¡,,).

If the model user desires to implement Option 2,then Equation EJfof"" is brought into
operation in the place of Equation E1þmpjr. This is achieved by setting the appropriate

elements of ffafac¡,, exogenous, and setting endogenous the corresponding elements of
f-a,facir¡,,. This equation then operates to impart identical shifts in primary factor
productivity to all industries within a given employment sector, such that the share

weighted sum of industry employments within that sector equals the exogenously specified
value for such given by Equation E_emp_s. I prefer this approach to Option I, since it
allows the industrial composition of employment within each sector to vary in response to
the differing prospects of each regional industry, while still ensuring that the exogenous

regional sectoral employment targets are met. In the simulations reported in Chapter 4 of
this thesis, it is Option 2 that is operational.

2t The Dwellings industry does not employ labour. Hence it is excluded from tlis swap. Otherwise,
employment in all other industries is determined via the exogenous determination of regional sectoral
employments.
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The shift variables f _lr_emp, in Equation E_emp_s allow for region-specific shocks to

regional industry employments in addition to those provided by the exogenous

determination of regional sectoral employments via empjr¡.,. During a simulation, the

percentage changes in regional employments ( /r_ emp,) that will be calculated by the

model given the exogenous determination of regional sectoral employment (emp-s,,,)

may deviate from official figures for the percentage changes in total regional employments

for the period as given by the ABS24. To ensure that the percentage rate of change in total

regional employment is equal to that provided by the ABS, one final swap is instituted in

this set of equations. First, employment for region one (lr-emp, ) is set exogenous, and

the shift variable f _lr_emp, in Equation E_emp_s is set endogenous. Next, national

employment (l_emp), is set exogenous, and the shift variable for the remaining region

(f _tr_empr) is set endogenous. The shift variables f _lr-emp, then effectively impart

uniform shifts to all sectoral labour demands within region r. These uniform shifts ensure

that the weighted sum of the percentage changes in regional industry employments is equal

to the exogenously specified percentage rates of change in aggregate employment for

region one and the nation as a whole. The values attained by f-lr-emp, should be

inspected after each simulation to ensure they are not overly large.

2.2.10 Exogenous determination of primary factor and intermediate input using
technical change.

Equations E_alisjr and, E_a_.fac make intermediate input using and primary factor using

technical change endogenous to the model. Equation E-alisjr simply makes the

percentage rate of change in source-specific intermediate input using technical change by

regionalindustryT,rafunctionof anumberof shiftvariables. Similarly,Equation E-aJac

writes the percentage change in factor-specific technical change experienced by regional

industryT,r as the sum of the percentage rates of change of a number of shift variables.

2a In the model, aggregate regional employment is calculated from regional industry employments using

regional industry wage bill weights. The (implicit) corresponding shares used by the ABS are person

weights.
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2.3 znp.o pr.JRE pRoFrr coNDrrroNs AND THE pRrcE sysrEM

2.3.1Introduction
The Rnolnel-r model recognises a number of production and trading activities, each of
which is assumed to be undertaken under conditions of perfect competition. Hence the
agents undertaking each of these activities are assumed to earn zero pure profits. Any
profits that are earned are treated as a cost of production. These profits accrue as rentals on
capital and land, and as the phantom taxes (if any) that might be associated with a given
transaction. A second assumption (in addition to that of perfect competition) underpiming
the price system is that basic pricestt do not vary across users. Both assumptions are

standard in Australian CGE models.

The activities over which the zero pure profits assumption presides are: cunent production
(Equation E-zact), the provision of intermediate inputs to current producers in each region
(Equations E-1tl,t and E-pIB), the provision of inputs to capital creators in each region
(Equations E-p2t and E_ p2B), the provision of goods to households in each region
(Equations E- E-p3't and E- p3a), the provision of goods for current consumption to each

regional government (Equations E-p_sgovl and E1t_sgov2), the provision of goods for
current consumption to the Commonwealth Government (Equations E_p_cgovA and

E1-cgova) exporting (Equation Eltrexp), the construction of units of capital (Equation
E-pi), and importing (Equation E1t_basic_3). Each of these sets of equations is discussed

in turn below. A f,rnal set of price equations relate the prices of certain composite

commodities and the user price of primary factors to their various cost components. These

too are discussed below.

Variables describing both normal and phantom tax terms appear in many of the price
equations in this section. Normal taxes are expressed in the original FEDERAL manner -
that is, as percentage rates of change in the per unit tax payable. This is not a satisfactory

way of treating phantom taxes however. During historical simulations, these taxes are very
often determined endogenously in order to determine individual purchaser's prices (or
price indices composed thereof) exogenously. V/ith very few exceptions, the phantom

25 Basic prices for Australian produced goods are the prices received by the producers of those goods. Basic
prices for imports are equal to the prices received by importers - that is, the landed duty paid price.
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taxes are avery small share of the purchaser's price, so that the exogenous determination

of purchaser's prices can imply very large percentage changes in the per-unit values of

these taxes. These percentage changes are too large for the solution method to handle

within a manageable number of steps. This is particularly apparent when the closure is

reversed in the decomposition closure (See Chapter 4) and the phantom taxes are shocked

by the values that they attained in the historical closure. Shocking the per-unit phantom

taxes in this way, the percentage changes in these taxes are too large for the solution

method to satisfactorily reproduce the original (historical) solution. This is not an issue

when the phantom taxes are operationalised in the price equations as powers of the relevant

tax rates (ie. as I plus the rate of the tax). This is because the percentage rates of change in

these variables are quite small, even when they involve very large implicit percentage

changes in the value of the per unit phantom tax. Regional and Commonwealth

Government sales taxes could also have been implemented as powers of the relevant tax.

However there was little advantage in doing this, since the percentage changes in these

taxes are relatively small, and are not reduced to zero in any of the simulations that have

been undertaken in this thesis. Hence these taxes retain their original nnoBRRI- model

expression as per-unit taxes.

2.3.2 Zero pure profits in production

Equation E_zact is based on FEDERAT- Equation 33 (Madden 1990), and equates the total

revenue earned by regional industry j,r to the total costs of generating that revenue.

Starting with the left hand side of this equation, the coefficient H-REV¡¡,. is the share of

regional industry j,r's revenue accounted for by sales of commodity i. Since all industries

in the present implementation of FEDERAL-F are unique product industries, the entries in

H_REV¡¡,, are 0 for i + j , and 1 otherwise. The right hand side of the equation accounts

for the various elements of the production costs of regional industry7,r, and the technical

change terms that operate upon them. The coefficients are cost shares for the various

inputs. Hence, in the absence of technical change, the right hand side of this equation

defines the percentage change in the per unit cost of production for regional industryT,r as

the share-weighted sum of the percentage changes in the costs of j,r's inputs to current

production. A unit change in all input using technical change (a-inl ¡,,) raises or lowers
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the costs of production for regional industryT,r by the share of non-production tax2ó costs

in total costs. Similarly, a unit change in primary factor technical change (a;fac,r,,) raises

or lowers the costs of production for a particular regional industry by the share of the
primary factor experiencing the technical change in the total costs of that regional industry
(given by the coeffrcient H_FACur,, ).

It is worth noting that as a zero pure profit condition applying to current production by
regional industries, Equation E_zact covers j x r equations. Together with Equations

ElbasicNvtn and E-pbasicutR, these three sets of equations determine, respectively,
regional industry activity levels, and the basic prices of Australian sourced non margin and

margin commodities.

2.3.3 Zero pure profits in the provision of intermediate inputs to current producers.
Equations E-pl,a and Elln determine the purchaser's price of source-specific inputs to

current production. Both equations are based on FEDERArEquation42. Equation E_pLl
determines the purchaser's price of domestically sourced goods, while Equation E_pla
relates to foreign sourced goods. It is convenient to identify two sets of equations in this
way (one relating to domestic goods and one relating to foreign goods) because of the
possibility in ppopnRL-r' of phantom taxes accruing on purchases of domestic goods27.

Hence Equation E-pla (defining the purchaser's price of imported goods) does not include
a phantom tax term. Together, these equations relate the purchaser's price for intermediate

inputs, by source, to the basic prices for thosc inputs, and the margins, sales taxes, an<l

phantom taxes (if any) associated with the provision of those inputs to current producers.

Because the equations defining purchaser's prices for inputs to current production and

purchases by each of the five types of final demand have very similar forms, it is worth
pausing here to consider a brief example. Suppressing commodity, source, region, and

user subscripts, the purchaser's price (tt-)¡ of a domestic commodity sold to a particular
user can be written:

P(.) -P(o)H+)vt, *Ir, (8.2.3.r)

26 Production taxes are not affected by all input using technical change. See Section 2.2.4
27 See Section2.l7.
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where P(o) is the basic price, Mu is margin type u, T* is the per unit tax levied by

govemmen t g, andH is the power of the phantom tax, defined as H = 1 + +, where F is
pru)

the per unit value of the phantom tax. The (intermediate) linearised form of (E.2.3.1) is

pe o0 = pto)gþro ) + lr)+ZM,*,+ Irs/g (8.2.3.2)
u

The general form of Equation (8.2.3.2) will be readily apparent in Equations E-plt,

E1t2,l, E1t3.l, E_p_rexp, E1_sgovl, E-p-cgovl, which define purchaser's prices for

domestically sourced goods.

Phantom taxes do not accrue on foreign sourced goods, so that in the original levels

expression, the purchaser's price equations for such goods have the form:

P(*) _P(o)+ltr,t" *IT, (8.2.3.3)
u

The linearised expression of which is:

pô Og - p(o) o(o) +l}y'r,m, * ITrl, (8.2.3.4)

Again, the general form of Equation (8.2.3.4) will be readily apparent in Equations 811n,

Ejt2a, 813n, E1t_sgova, and E1t_cgovB, which define purchaser's prices for foreign

sourced goods.

2.3.4 Zero pure profÏts in the provision of inputs to capital creators.

Equations E1t2t and E12n determine the purchaser's price of inputs to capital creation,

regardless of the source of those inputs. Like Equations E-pll and E-p1a, both equations

are based on FEDERAT- Equation 4228 . Equation E-p2,t determines the purchaser's price to

28 Equation 42 in Madden (1990) covers two purposes: current production and capital formation.
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capital creators of domestically sourced goods, while Equation E_p2n relates to foreign
sourced goods. Agaiir, two sets of equations are identified in this way (one relating to
domestic goods and one relating to foreign goods) because of the possibility in r,¡o¡Rer--r
of phantom taxes accnting on purchases of domestic goods2e. z\gain, likc Equati on El I a,
Equation E-p2n does not include a phantom tax term. Together, these equations relate the
purchaser's price for inputs to capital creation, by source, to the basic prices for those

inputs, and the margins, sales taxes, and phantom taxes (if any) associated with the
provision of those inputs to capital creators.

Note that, as in the original Equation 42, there is no explicit subscript on the regional
government tax terms appearing in the zero pure profit equations relating to either
intermediate input purchasers, or purchasers of inputs for capital creation. The assumption
underlying this is that regional governments can levy sales taxes only on sales occuring
within their own region. Hence a subscript denoting the regional government levying the

tax is not required on the tax terms (g_sint,,,,¡,,,, ) since knowledge of the location of the

agent making the purchase (r) is sufficient for this pulpose. In the original Equation 42, no
regional subscript appears on the Commonwealth Govemment sales tax terms because per
unit Commonwealth sales taxes were assumed to be identical across regions (Madden
1990)' For the GST simulations undertaken in Chapter 5 however, a regional dimension to
the Commonwealth taxes was required, and this now appears on the Commonwealth tax
terms throughout the price equations.

2.3.5 zero pure profits in the supply of goods to regional households.
Equations E-p3t and E-p3a determine the purchaser's price faced by regional households
for source-specific commodities from domestic and foreign sources respectively. The
general form of these equations is little changed from Equation 43 in the FEDERAL model,
from which they are derived. The important difference between the two equations is the
possibility in FEDERAL-F for phantom taxes30 to accrue on purchases of domestically
sourced goods by regional households. Since these taxes only accrue on domestically
sourced goods, they do not appear in Equation E1t3a, which relates to foreign sourced
goods only' The possible presence of phantom taxes on domestically sourced purchases

2e See Section 2.17
30 See Section 2.17
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also explains why two separate equations are identified - one for domestic sources and one

for the foreign source - rather than continued use being made of the single Equation 43,

which covered both sources in the original FEDERAL model.

2.3.6 Zero pure profits in exporting

Equation E_p_rexp equates the Australian dollar f.o.b export price of commodity i from

region r to the basic price of that commodity and the genuine taxes, margins, and phantom

taxes associated with delivering the commodity to the port of exit. Equation E1t-rexp is

little changed from FEDERAL Equation 40, from which it has been derived. The important

difference between the two equations is the possibility in ¡BoeReL-r' for phantom taxes to

accrue on sales to foreigners.

2.3.7 Zero pure profits in the provision of goods to regional governments for current
consumption

Equations E_1t_sgovA and E1_sgova provide for zero pure profits to be earned in the

provision to regional governments of, respectively, domestic and foreign sourced goods,

for current consumption. The form of these two equations is closely related to FEDERAL

Equation 44 on which they are based. The important difference between Equations

E1t sgov,t and E1_sgovn and Equation 44 lies in the possibility of phantom taxes

accruing on the provision of domestically produced goods to regional govemments.

2.3.8 Zero pure profits in the provision of goods to the Commonwealth Government
for current consumption

Equations E_1t_cgovA and E1t_cgov^B provide for zero pure profits in the provision of

source-specific commodities to the Commonwealth Government for the purpose of cunent

consumption. These two equations essentially provide for the separate modelling of the

Commonwealth's purchaser price for domestic sourced (E1t_cgov.t) and foreign sourced

(E_p_cgova) commodities. In the original FEDERAL model, these two price equations are

subsumed by Equation 46. The need to distinguish domestic and foreign sources

separately in the FEDERAL-F model arises from the possibility that phantom taxes may

accme on goods sourced domestically by the Commonwealth Government.
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2.3.9 Zero pure profits in the construction of capital.
The Equations 35, 36, and 37 in ¡poeRAL are subsumed by FEDERAI-r Equation E_pi. The
original FEDERAL model recognised the possibility of different input cost structures for
different classes of investors (private, regional govefftment and Commonwealth). This
required three sets of zero pure profit equations - one each for private, regional
governments, and Commonwealth investors. This detail has been suppressed in the

FEDERAL-F model. The cost of constructing a unit of capital in a given industry no longer
differs across classes of investor. These costs continue, however, to differ across regions

and industries. Hence Equation Elti provides for zero pure profits in the construction of a
unit of capital in regional industry7,r, regardless of the type of agent financing the capital

creation. The price of constructing a unit of capital in regional industryT,r (pi¡,,) is the

weighted sum of the purchaser's prices of the inputs to capital creation for that regional
industry.

2.3.10 Zero pure profits in importing
Equation E-p-basic-1 determines the percentage change in the basic price of commodity i
from overseas. This equation is unchanged from the original FEDERAL Equation 38. The
percentage change in the basic price of imported commodity i is the share-weighted sum of
the percentage changes in the foreign c.i.f price converted to Australian dollars, and the per
unit duty payable. The coefficient TARF; is the share of the ex-duty value of commodity i
in the landed duty paid value of commodity i. The expression for the nominal exchange

rate in FEDERAL-F is the same as that in FEDERAL: x_rate is the percentage changc in the

number of Australian dollars per foreign currency unit. Hence a nominal devaluation of
10% would require x-rate : I0. In the absence of changes in the foreign currency prices

of imports, and in the presence of a 10 per cent increase in the per-unit tariff payable

(g-tar,:lO), this would result in an increase in the basic price of foreign sourced

commodities (p_basic,.^o*) of 10 per cent.

2.3.11 Price of labour faced by regional industry j,r
Equation Eltprimt defines the percentage change in the price of effective units of labour
faced by regional industryT,r as the share weighted sum of the percentage changes in the
prices of the labour of various skill types that are used by the regional industry. This
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equation is little changed from the original FEDERAL Equation 7, from which it is derived.

The only (trivial) difference between the two equations is the omission from Equation

Eltprimt of the variables relating to specific skill augmenting technical change, by

regional industry, which are present in Equation 7. These variables are not used in any of

the simulations that are undertaken in this thesis, and so have been omitted from the model.

2.3.12 Prices of composite commodities consumed by regional households

Equation E_p3 determines the percentage change in the price of effective units of

commodity i consumed by household r as the share weighted sum of .the percentage

changes in the price of commodity I consumed by regional household r from all three

sources, s. This equation is unchanged from Equation 17 in the original FEDERAL model.

2.3.13 Prices of agricultural land to using industries

Equation E1_land defines the percentage change in the price of land to individual

agricultural industries in region r as the share weighted sum of the percentage change in

the net rental received by the owners of that land ( p_land ¡,,) and the percentage change in

the Commonwealth income tax payable out of the user-price of that land (p-landtx,,,).

With the gross rental price of land determined by the market clearing equation for land

(Equation Epprimw) and the income tax payable on land rentals being determined by

Equation E1t_landtx, Equation E_p_land can be thought of as determining the net rental

received by owners of land (p_land.,,,) as the residual of the gross rental and the income

tax payable on that rental.

2.3.14 The price of working capital

The percentage change in the price of working capital Qtcost) is indexed to the percentage

change in the national household consumption deflator via Equation Eltcost'
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2.4 Menr¡T cLEARTNG coNDrrroNs

2,4.1lntroduction

The equations in Section 3 of Appendix A equatc demand and supply in the five types of
markets that aÍe recognised in FEDERAL-F: the market for domestically produced

commodities; the regional markets for labour of each occupational type; the regional
industry markets for capital and land; and the national market for working capital.

2.4.2 ll|.arket clearin g for domestically produ ced commodities

Equations E1t_basicNutn and E1_basicM,tn equate the demand and supply for
domestically produced non-margin and margin commodities respectively. These two
equations are essentially unchanged from FEDERAL Equation 64. Equation E_p_basicu.nn

equates the percentage change in the domestic supply of margin commodity i from region s

(x_tot,,,), to the sales-share weighted sum of the percentage changes in the demands for
good i from region s. Since margin commodity i can be used for both margin and non-
margin purposes, both rnargin and non-margin demands appear on the RHS of
E-¡t_basicwuln. Hence, the percentage change in domestic supply of margin commodity
i,s is equal to the sales share weighted sum of the percentage changes in: regional industry

intermediate input demands for i,s (r1,,,,¡,,); regional industry demands for i,s for capital

formation (x2,,,,¡,,); regional household demands for i,s (xr_hous,,,,,); exports of i,s
(xr-exp,,,); demands for i,s by regional government r for current consumption, (x_sg,,,,, )i
demands for i,s by the Commonwealth Government for current consumption purposes,

(x-cç,,,); demands for i,s for use as a margin on purchases of ø from I for current

production purposes by regional industryT,r (x_marli,,,u,r,¡.,), demands for i,s for use as a

margin on purchases of u from t for capital formation by regional industry j,r
(x_mar2,,,,,,,,.i,,); demands for i,s for use as a margin on purchases of ¿¿ from r for current

consumption by household r, (x_mar3¡,,,,,u)l demands for i,s for use as a margin on

purchases of ¿¿ from / for current consumption by regional government r (x_mar5,,,,u,,,,);

demands for i,s for use as a margin on exports of z from t, (x_mar4¡,,,u,, )i ând, demands for
i,s for use as a margin on Commonwealth Govemment current consumption purchases of ¿¿

from r (x_mar6,,,,,,,,). Equation E1_basicwu,ln has essentially the same structure as
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Equation E1t_basicu,tn. Clearly, however, since (by definition) non-margin commodities

are not used to provide margin services, the margin demands that appear on the RHS of

E1t_basicu,nrR are not present in Equation E1t-basicNMAR.

2.4.3 Market clearing for physical capital and agricultural land

Equation Eltprimx is the market clearing condition for regional industry capital stocks.

This equation is unchanged from the original FEDERAL model Equation 67. As in the

original FEDERAL model, the markets for physical capital, and hence the market clearing

conditions for physical capital, are specific to each industry within each region. That is,

once installed, physical capital is assumed to be immobile both between industries and

between regions. The modelling of the market clearing condition for agricultural land

(Equation Elprimv) is identical to that for physical capital. That is, agricultural land is

specific to the agricultural industries in the set AGG, and is immobile between regions.

This treatment is also unchanged from the original FEDERAL model Equation 68. However

this is a more limiting assumption in the current implementation of FEDERAL-F than it was

in the original FEDERAL model. This is because the theory of the present model currently

allows only for unique-product industries. The FEDERAL model allowed for multi-product

industries, with a view particularly towards the existence of such among the agricultural

industries. Hence, while agricultural land might be specific to a particular agricultural

industry under the ¡spnRRL model, it could nevertheless be mobile across the commodities

produced by that industry (Madden 1990). In the FEDERAL-F model, an expansion in the

number of agricultural commodities (beyond the current single "I. Rural" aggregate in the

Tasmaniaft4ainland implementation) would require a corresponding expansion in the

number of agricultural industries, each of which would be endowed with a specific and

immobile stock of agricultural land via Equation Elprim¡¿. This would be unlikely to be

a satisfactory treatment of the agricultural industry. Depending on the nature of the

experiments undertaken, it may be appropriate to introduce the pnpen¡,1 multi-product

theory into ¡'nuBRqL-F at a later date.

Equations E_n_agland,s and E_n_agland¡,t,t determine the supply of agricultural land to

regional industries. The supply of agricultural land to regional industries within the set

RGG is determined by Equation E_n_agland.¿ as the share weighted sum of the percentage

changes in the supply of land to each regional industry by each class of land owner,
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on-agland,,¡,,. The share weights in this equation are given by the share of the gross rental

on agricultural land in agricultural industry j,r accruing to owner class /. Equation
E-n-aglandwt fixes the percentage change in the supply of agricultural land to non
agricultural industries at zero.

2.4.4 Regional market clearing conditions for labour of each occupational type
Equation E-lrm-emp calculates the percentage change in the demand for labour of ski¡
type m, within region r, as the wage bill share weighted sum of the percentage changes in
regional industry demands for labour of skill type m. This equation is unchanged from
Equation 66 in the FEDERAL model. As Madden (1990) notes, this equation can operate to
either determine real wages for labour of a particular occupational class via the imposition
a supply side constraint on the supply of that type of labour (through the exogenous

determination of lrm_emp,,.,), or, determine the aggregate demand within region r for

labour of occupation m via the exogenous determination of the real wage for that type of
labour within that region.

2.4.5 }I.arket clearing condition for working capital
Equation EJ-oxcost-1 equates the aggregate supply of working capital by the various
owner types to the aggregate demand for working capital across all regional industries.

The supply of working capital by owner type t (oxcost,) is determined by the shift variable

f -oxcost, in Equation E-oxcost. The percentage change in tlie price of working capital is

indexed to the percentage change in the household consumption deflator via Equation
Elcost (see Section 2.3.14). In the standard short-run comparative static closure of the

model, f -oxcost, is exogenous for t:2-5. That is, the supply of working capital by all
owner types other than foreigners is determined exogenously. Hence, the aggregate supply
of working capital is equated to the aggregate demand for working capital in Equation
El-oxcost-l via adjustments to the supply of working capital by foreign owners of
working capital (f _oxcost,,).
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2.5. HOUSEHOLD INCOME, CONSUMPTION, SAVINGS, AND CAPITAL

O\ryNERSHIP

2.5.1 Household demands for commodities

The utility maximisation problem facing consumers in nnorRRL-r is unchanged from that

in pnopReL. Each regional consumer is assumed to face a two-step maximisation problem.

First, the representative household in each region is assumed to allocate their budget across

the consumption of effective units of each commodity type so as to maximise a Klein and

Rubin (1948-49) or Stone -Geary ( Stone (1954) and Geary (1950-51) ) utility tunction.

Second, the representative household in each region is assumed to minimise the cost of

assembling effective units of each commodity type by substituting between alternative

sources of that commodity type, subject to a CRESH production technology'

The first of these maximisation problems gives rise to Equations E-x-hous3t ' The taste

change terms appearing in this equation are simplified (there are no explicit terms in this

equation describing changes in marginal budget shares and subsistence levels of

expenditure) following Dixon and Rimmer (1999a), They show that both (i) describing the

percentage rates of change in the marginal budget shares by Equation E-deltapc, and (ii)

assuming that the percentage rate of change in the subsistence level of consumption by

household r of commodity I can be described by a3,,,-ave-a3, (which gives rise to

Equation E_dSamma), allows the taste change terms that would otherwise appear in

Equation E_x_hous to simpliff to a3,,, - ave-a3,. Equations E-dSamma and E-deltapc

calculate, respectively, the change in the regional household r's subsistence level of

consumption of i and the percentage change in the marginal budget share for i32. These

variables are used to update the parameters of the linear expenditure system in multi-step

and year-on-year simulations. The cost minimisation problem of assembling effective

units of each commodity type gives rise to Equations E xr-housA aîd E .xr-hous¡' These

two equations have the same basic form as FEDERAI- Equation 16 (Madden 1990). The

important difference between Equations E;xr-houst and E-xr-hous¿ and Equation 16 is

3t S.. Dixon, Bowles and Kendrick (1980), and Dixon and Rimmer (1999a) for the derivation of this

equation.
32 See Dixon and Rimmer (1999a) for the derivation of these equations'
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the addition to the former equations of the import / domestic and inter-regional twist terms
These twist terms are described in Section 2.18.

2.5.2 Exogenous determination of consumption by national accounts commodity
classification

During historical simulations of the model, we may wish to impose exogenously on the
model ABS data on changes in household consumption by commodity. The commodity
classification system used by the ABS differs from that used in FEDERAL-F, requiring that

equations be added to the model which provide a mapping between the two commodity
classifieations. The developers of the tr¿oNRsu model have faced the same problem, and

the procedures that they have developed to make use of ABS consumption data in
historical simulations" ur" adopted in neognrl-r'. These procedures are embodied in
Equations E x3ncom, E x3_na_i, E_x3_imputed, E_x3_ff_no, and E_a3shift, which are

described below.

Equation E x31ff_na calculates the percentage change in household r's consumption of
FEDERAL-F commodity i classified within national accounts commodity na. The right hand

side of Equ ation E-x3lf_ro distinguishes a number of determinants of the consumption of
cross-classified commodity ilna by household r. The variable x3_imputed,., measures

that part of the percentage change in regional household r's consumption of commodity i
that is attributable to factors other than taste changes. This variable is calculated by
Equation E-x3-imputed, which has the same general form as Equation E_xhous (less the

taste change terms). The variable a3ncom,n,, is a shift variable operating on the national

accounts commodity classification. Under a standard short-run comparative static closure

of the model, this variable is exogenous. The variable a3shtfti., is a shift variable, which is
endogenous in the comparative static closure. Under this closure, this variable can be

thought of as being determined by Equation E_a3shift, to ensure that the values for
x3-na-i¡,, produced by Equation E_x3_na_i equal the values of the corresponding elements

of x-hous¡,., The variable dii measures economy-wide technical change in the usage of
commodity i.

33 See Dixon and Rimmer (1999a)
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Equations E_x3ncom and E;x3_na_i translate the cross classified household consumption

variables x3_,ff_na,,,n,, into consumption of national accounts commodities by region

(x3ncomno,) and consumption of n¡leRRl-r commodities by region (x3-na-i,,,)

respectively. Equation E_x3ncom calculates the percentage change in regional household

r's consumption of national accounts commodity na, as the share-weighted sum of the

percentage changes in consumption of FEDERAL-F commodity i classified within national

accounts commodity na. The relevant share weights are those of the purchaser's value of

FEDERAL-F commodity i classified within national accounts commodity za. Equations

E_x3_na_i calculates the percentage change in regional household r's consumption of

FEDERAL-F commodity i, as the share-weighted sum of the percentage changes in

consumption of national accounts commodity na classified within FEDERAL-F commodity i.

The relevant share weights are those of the purchaser's value of national accounts

commodity na classifted within FEDERAL-F commodity i. The share coefficients in each of

these equations are ultimately derived from the corresponding iraoNnsu model coefficients

that map expenditure by MONRSu model consumption categories and expenditure by

national accounts consumption categories. Such a mapping matrix was calculated for

FEDERAL-F by aggregating (in the dimension i) the MONASU coefficient MM,,,,u from the

104 n¡oNnsH commodities to the 37 nnoenel-F coÍrmodities (See Section 3.1.6.4). The

variable f_x3r, is a shift variable that is useful in historical simulations in which both

consumption by household consumption sector, and aggregate consumption by region, are

determined exogenously. With these variables endogenous, the weighted-sum of the

percentage changes in consumption by consumption sector is able to depart from the

percentage change in economy-wide real consumption'

Equation E_a3shift provides the link between the consumption of good i by region r as

calculated by the core FEDERAL-F consumption theory, and that as calculated by Equations

E_x3ncom, E_x3_na_i, E_x3_imputed, and E x3_,1ff_na. Under the standard short-run

comparative static closure of the model, Equation E_x_hous determines the percentage

change in region r household consumption of commodity i as a function of household

expenditure, household numbers, prices, and taste changes (including sourcing twists).

With x3_na_i¡,, determined by Equation E_x3_na_i, Equation E-a3shift determines

a3shift¡,, under the standard comparative static closure.
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Under the standard comparative-static short-run closure of the model, the Equations
E-x3,ff-na, E x3-intputed, E-a3shift, E-x3-ne_i, and, E_x3nom, seÍve only to calculate

results for consumption of national accounts commodities by region (x3ncomn,,,),

consumption of cross-classified commodities by region (x31ff_na,,n,, ), household r's
commodity demand as influenced by factors other than technical change (x3_imput"d,.,),

and the shift term a3shift,,,. These variables do not appear elsewhere in the model, and so

exert no influence on the model solution under this closure. However, under historical
simulations of the model, we may wish to ensure that the results for household
consumption by commodity reconcile with the values for consumption by national
accounts consumption categories as are available from the ABS. To achieve this, the

variables x3ncom,n,, in Equation E x3ncom are determined exogenously, and the variables

a3ncom,,*, are determined endogenously. The variables a3shift,,,. are switched to

exogenous, and the household taste variables, a3,,, are determined endogenously by
switching the appropriate elements of f_a3_kr inEquation E_a3 to endogenous. The latter
switch is undertaken for all commodities other than Residential Building Construction
(which makes no sales to households), and Ownership of Dwellings (which sells only to
households, but has a fixed short-run output due to the fixity of capital). V/ith household
consumption constrained at the commodity level, it is necessary to break the particular
macroeconomic link that is determining regional household consumption. This is achieved

by setting exogenous the variable ave_a3,, and setting endogenous the relevant indexing

variable (for example, f-apc,. in Equation E_cnr) determining regional consumption.

2.5.3 Household disposable income

Equation E-n-dinc calculates the percentage change in the nominal disposable income of
the residents of region r (n-dinc,.) as the share weighted difference between the percentage

changes in their nominal gross incom e (nginc) and their payments of direct taxes (dtax).
Equation E-n-dinc is essentially the same equation as FEDERAL Equation 125, although
expressed in "intermediate", rather than percentage change form.

The percentage change in the nominal gross income of the residents of region r (nginc,) is
provided by Equation E-nginc. This equation replaces Equation 126 in the original

ó6



THEORETICAL STRUCTURE OF THE FEDERAL-F MODEL

FEDERAL model. The nominal gross income of the residents of region r is given by the sum

of their pre-tax wages, their rental receipts from both physical and working capital leased

to industry, their receipts from phantom taxes (if any), their net receipts of other foreign

income, and either their net returns on net foreign assets or net interest payments on their

net foreign debts. Equation E_n3inc expresses the percentage change form of this

relationship. The three main differences between Equation E_nginc and ¡eu¡R¡,L

Equation 126 is in the calculation of the rental receipts (p_r_grossrent,) by residents in

region r (See Section 2.5.4), the addition of receipts from phantom taxes ( p_houshphant,)

(See Section2.l7.5), the addition of net returns (payments) on foreign assets (liabilities)

(netl_int_dc,) (See Section 2.5.8.1), and the addition of other net household foreign

income (ex_hhnfi,). This latter item (ex_hhnfi,) is determined exogenously. Hence two

net foreign household income sources aÍe identified in the model: an exogenous

component (ex_hhnfi) and a second component (netJ_int_dc) that is a function of the

stock of net foreign household assets as recorded in the database. The variable

netJ_int_dc, is typically determined endogenously under all closures of the model. The

variable ex_hhnfi is exogenous under the standard closure of the model. However, during

historical simulations, ex_hhnfi can be determined endogenously in order to allow for the

exogenous determination of household gross savings. This is the chief reason for

distinguishing an endogenous and an exogenous component of household net foreign

rncome.

Equation E_dtax calculates the percentage change in the net of direct taxes paid and

transfer payments received by households in region r (dtax). This equation serves the

same function as Equation 127 in FEDERAL. The percentage change in the net of direct

taxes paid and transfer payments received by the residents of region r is given by the share

weighted sum of the percentage changes in payments of capital taxes Qt_r_kaptax,),

payments of PAYE taxes (b41r,), payments of state government fees and fines (b34r,),

payments of other Commonwealth Government receipts (b4D, payments of other regional

government receipts (b38r,), less gross receipts of unemployment benefits (punb +

x_unempr), less other Commonwealth Government transfers (t62r), less regional

goverrìment transfers to persons (t5I ). The important difference between Equation E-dtax

and reoERel Equation (127) is in the treatment of payments of taxes on capital and land

rentals. The determination of such tax payments is discussed in detail in Section 2.5.5.
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2.5.4 Household gross capital rentals

To account for retums to capital and land accruing to residents of either region from capital
and land located in either region, we start by calculating the nominal gross income
accruing from capital and land to the base-period population of each region:

Df'' =II (u,|- *v,],u +v,i,-)*II (*,1,* *wi,-)
JtJt

(E2.s.r)

Where Vlo, Vfu and V;],n are, respectively, the net capital rentals, income tax on capital,

and residential land tax on regional industry j,t capital, associated with owners initially

resident in region È. The coefficient. W,l,u and W,],u are the net land rentals and land tax

associated with owners initially resident in region Ë. D[r''r¡ is the gross returns from
capital and land accruing to household type k; that is, households resident in region k in the
base period.

Underlying Equation E,2.5.I is an assumption that there are k household types, which differ
in their ownership of capital, and are each distinguished by the region (fr) in which they
resided in the benchmark yearto. As the model is simulated, these residents move between
the regions, but they retain the pattem and level of the capital ownership of the residents of
their original region k. All other factors determining their disposable income (their labour
market prospects, direct taxes payable on non capital and land income, government
transfers, etc), are determined by the region in which they reside, rather than the region in
which they initially resided. Essentially, this ensures that inter-regional migrants ,,caÍty,,

their capital ownership claims with them. Households moving to a new region do not
suddenly acquire the capital ownership profile of their host region, but retain their original
capital. This can be contrasted, say, with the treatment of post-migration capital ownership
in the FEDERAL and vtvtR¡ models. In the long-run closure of the FEDERAL model, inter-
regional migration is typically determined via an assumption of fixed long-run numbers of
unemployed persons residing in each region. People that move between regions in

3a In the simulations reported in Chapters 4 -6, thatyear is lgg2lg3 - the year to which the starting database
pertains.

68



THEORETICAL STRUCTURE OF THE FEDERAL-F MODEL

FEDERAL not only acquire the same pattem of capital ownership as the residents of the

region into which they move, but they do not carry their capital claims with them. The

result of the latter is a decrease in per-capita rental receipts in regions experiencing inter-

regional immigration, and an increase in per-capita rental receipts in regions experiencing

inter-regional emigration. This also occurs in the long-run closure of tr,ttrlRr, since this

model simply links regional household receipts from non-wage primary factor income to

the regional aggregate gross operating surplus (Peter et al. 1996).

In ¡BopRRL-r, the capital returns accruing to the residents of either region in post-

simulation periods will equal:

D!*'o). = IS.,D['" (F,z.s.2)
keREG

Where

oÍ*',,.

so,,

and

Gross land and capital rentals accruing to households currently resident in

region r;

The proportion of household type k currently resident in region r;

Gross land and capital rentals accruing to household type k.Df rr

Converting equations (82.5.1) and (82.5.2) to percentagerate of change form provides

Dftt ¿rrc'' = I t DÍ5'; [pl?i,,,,, + rr',(o)]
Jr

* I I DÍ',i Þl?;, ,, * n'.l
Jf

p$l)' ¿(K'tt'- = I bu,,DÍ.*'" þ'*''

(E2.s.3)

(F,z.s.4)
k

Where:
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¿(x't:) : percentage change in gross returns from capital and land accruing to household

type k;

Df'] : base value of gross capital returns to household type f from industryT,r;

DÍ'l : base value of gross returns from land to household type fr from industryT,r;and

p[t/i,r,,, pÍtfi.,,rt¡, k',(0) and n', are the percentage changes in the gross rental prices of
capital and land respectively, and the quantities of capital and land respectively.

Making the obvious notational changes to Equations E2.5.3 andE25.4 provides Equations

E1t-kSrossrent and E1t_rSrossrent respectively. Equation E1t_kgrossrent defines the

percentage change in gross land and capital rentals accruing to household type k as the

weighted-sum of the percentage changes in their receipts of gross land rentals and gross

capital rentals. The weights are given by the shares in their total gross land and capital
rentals of rentals from land and capital individually. Equation Ep_rSrossrent then
defines the percentage change in the gross rental receipts of the residents of region r on the

basis of the "types"3s of households that are living within the region. Hence the percentage

change in the gross rental receipts of households in r is calculated as the weighted sum of
the percentage changes in the rental receipts of the Ë household types resident in the region.

The weights are given by the share of gross rentals accruing to houselìold type fr in the total
gross rentals accruing to households of all types resident in r.

2.5.5 Household net taxes on capital and land rentals

The net taxes and transfers payable by household type fr on land and capital rentals in

either region (O!i;" ) is provided by:

o!l;' =I D,,u,, *II Dro,no *II
rjrjr

* II Doo,nu
Jr

D 3(,r)k

(E2.s.s)

'Where

35 Defined in terms of their origin region, /r
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D,,u,,

Dr,inu

D 3(i,r)k

Dou,ru

Residential land tax payable by household fr on ownership of dwellings

rentals from r;

Commercial land taxes payable by household k on capital returns from

regional industryi,r;

Commonwealth income taxes on capital rentals from regional industryj,r;

Income taxes on rentals from agricultural land;

Converting Equation 825.5 to a percentage rate of change form provides:

Df;o¿<r'u = I D,,., d,,0., * It Dr(,,\udr(i,)o

* II Dro,,)udr(¡,,,* * II D 
^,u.,)ud 

o(iùo
(F,z.s.6)

The derivation of each of the four percentage rate of change variables in this equation is

presented in Sections 2.5.5.1 to 2.5.5.4 below. Substituting the expressions for these

variables into Equation E2.5.6 provides Equation E-pkaptax'

2.5.5.1 Residential land tsxes pøyøble by household type k

In the levels, the residential land tax payable by household type fr on residential land in

region r is given by:

D,,u,. = Þ;tl'.*"r,K(o)f*r,,*. þ

Jt

(Dwellings)r
(2)k

(82.s.7)

Where g[Dverrincer is household fr's share in the ownership of capital in the Dwellings

industry in region r, and Pl,]'",,,"r, is the residential land tax payable per unit of capital

(K(0)t*",,"r.) in ths Dwellings industry.

In percentage change form Equation(F;2.5.7) can be written:

dr,o,, = P{')' + k(o); (E2.s.8)
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This is Equation E-rltax in Section 6 of Appendix A, which defines the variabl e rltax,
appearing in Equation Elkaptax.

2.5.5.2 Commerciøl lønd taxes payable by household type k

Commercial land taxes payable by household type å on land in region r is given by:

D,(iou = [E','*(o); þ¿;uu, (E2.s.e)

Where Sfj,u is household type Ë's share of the ownership of capital in regional industryjr,

and P1Ð' is the commercial land tax payable per unit of current capital kfol; ) in regional

indusfry j,r.

In percentage change form, Equation (E2.5.9) becomes

dr1¡,¡o=p(,')r+k(o)i (82.s.10)

where p':" and k(0); are represented by pcom_tax¡,, and cap_at_t¡,r respectively in
Equation E_pkaptax.

2.5.5.3 Income toxes payable by household type k on rentals eørned from capìtal ín
regionøl industry j,r

In the levels, the income taxes payable by household type fr on rentals earned from capital
in regional industryT,r are given by:

D,(j,)n = þ,!'Ì1,,r^; tolþän (E2.sJr)

Where p,!oll,r¡, is the Commonwealth income tax payable per unit of current capital

("fol j) in regional industry7,r.

12
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In percentage change form, Equation (E2'5.11) becomes

dr(i,)o: n[!)i,,rti + kiQ) (F,z.s.r2)

Where pÍlY,.r, is represented by p 
-kapt 

ax¡,, in Equation E ltkaptax

2.5.5.4 Income tøx paid by household type k on rentals eømed from øgricultural lønd

instølled in regional industry i,r

In the levels, the income tax payable by household type fr on rentals earned from

agricultural land installed in regional industryi,r is given by:

Do6¡u = Þ
(4)r
(g+1.3)j Ntþ Jr

(3)k
(82.s.r3)

Where Sfl,u is the share of household type Æ's ownership of agricultural land in regional

industryi,r, and P[oll,r,, is the Commonwealth income tax payable per unit of fanA (N;) in

regional industry/,r

In percentage change form, Equation (E2.5'13) becomes:

d o( Ì, )o 
: nÍ!.',,, , , + n', (F,2.s.r4)

Where pÍi'i,.r., ¡ is representedby p-landtx¡,, in Equation Eltkaptax'

Substituting Equations E2.5.8, 82.5.10,82.5.12,F,2.5.14 into EquationB2.5'6, and making

the obvious notational changes, provides Equation E1-k-kaptax in Section 4 of Appendix

A.

2.5.6 Net capital and land taxes payable by region r residents

Total net capital and land taxes payable by households resident in region r are given by
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D!T;'" = I Su,,D (K,l)
2,k (E2.s.1s)

(F,2.s.16)

k

converting Equation (E2.5.15) to percentage rate of change form provides:

Df;',' dt:',- = I Þr:¿', "k
kr þ K,A

1L

That is, the percentage change in the total net capital and land taxes payable by residents of
region r is the share weighted sum of the percentage changes in the total net capital and

land taxes payable by the fr household types resident in r.

Making the obvious notational changes to Equation 82.5.16 provides Equation
E_p_r_kaptax in Section 4 of Appendix A.

2.5.7 Household consumption budgets

Equation 19 of the ¡eoeRnr model defines the percentage change in the nominal
consumption budget of regional household r as the percentage change in regional
household disposable income plus the percentage change in the regional household's
average prooensity to consume. Equation 19 is reproduced essentially unchanged in
FEDERAL-F as Equation E_cnr. The key difference between this and Equation 19 is the
addition to E_cnr of the economy-wide average propensity to consume shift variable

f-eq19. The addition of this variable expands the range of available macrosconomic
closures under which the model can be simulated (see section2.r2.7).

Equation 20 of the ReoeRel- model defines the percentage change in the real consumption
budget of regional household r as the difference between the percentage changes in the

household's nominal consumption budget and the percentage change in the regional
consumer price index. This equation is adopted unchanged as Equation E_crR in
FEDERAL-F. Equation E_cR corresponds to FEDERAI- Equation 21, and calculates the
percentage change in the real economy-wide household consumption budget as the
weighted-sum of the percentage changes in the real regional consumption budgets.
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2.5.8 Household capital ownership and net foreign assets

Households are assumed to hold their accumulated net savings as two types of assets:

physical capital located within Australia, and net foreign assets. FEDERAL-F provides for

two alternative treatments of the accumulation of household capital and foreign assets'

Under the first treatment, capital ownership shares within each regional industry are held

fixed. Each regional household's ownership of foreign net assets then adjusts to reconcile

the value of any new domestic physical capital they are thus computed to own, with the

value of their savings. Under the second treatment, the quantity of capital owned by each

type of domestic agent is adjusted in line with their savings (or investment in the case of

govemment). The change in the foreign ownership of capital in each regional industry is

then calculated as a residual between the change in the supply of capital to that industry by

domestic agents, and the change in the total quantity of capital installed in the regional

industry. Each of these approaches is discussed in detail below.

2.5.8.1 Option l: Constønt regionøl industry capítal ownership shøres

This approach assumes that ownership shares in physical capital (which are implicit in the

data on the distribution of returns to capital, among the different types of owners,

contained in the base period database) remain constant over time. This assumption

effectively determines the changes in domestic household's ownership of domestic

physical capital in year-on-year simulations. The net foreign assets held by each regional

household then adjusts as a residual to reconcile the value of their savings in the period

with the value of the new net physical capital they have been calculated to own.

As discussed in Section2.6, the distribution of each period's aggregate investment across

regional industries is determined by expected rates of return. Since, under the present

option, ownership shares remain constant, this also determines the value of each regional

household's investment in physical capital in each period. Stating this more formally, if

If is regional household r's investment in physical capital in the period, Sf is ttre share of

household type fr that is resident in region r, I ¡., is gross fixed capital formation in regional
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industry7,/, and Oo¡,,is the share of the capital in regional industry j,r owned by household

The domestic currency value of household r's savings in any given period is simply equal

to the value of disposable income less consumption36. Subtracting If from the domestic

culrency value of household r's savings provides the domestic currency value of the
change in household r's net foreign assets. Clearly, this can be either a negative or a
positive value, depending on whether household r's investment in ph¡zsical capital during
the period exceeds the value of its savings. Over time, the households in each region can

accumulate either foreign assets or foreign liabilities, depending on the value of both their
savings and their investment in physical capital, year by year. The rate of return on net
foreign assets is determined exogenously, and is initially set at a rate of five per cent per
annum.

in ¡BopRat-n, the accounting for household's net foreign asset holdings is largely
undertaken in foreign currency terms. Hence the domestic currency value of the change in
household r's net foreign assets must be converted to a foreign cuffency value, by dividing
it by the value of the nominal exchange rate. The foreign currency value of the change in
household r's net foreign assets appears as an explicit coefficient in the model: FOR_INV,
(See Equation E-del-netf in Section 4 of Appendix A), evaluated from the base year
values for disposable income, consumption, gross fixed capital formation, and the nominal
exchange rate.

Equation E-del-netfcalculates the change in household r's net foreign assets (measured in
foreign culTency units) across the databaseyear, thereby establishing the correct value for
the household's stock of foreign assets at the commencement of the simulation year. If

36 For consistency, it would be preferable to treat household ownership of net foreign assets in the same way
as that of physical capital: that is, distinguishing the type (fr) of houiehold owning the net assets from the
region (r) in which they actually reside. This would require a calculation of the net in"o-" of household type
k from all sources (not just capital and land). While possible, given the current applications of the model I
feel this would introduce extra complexity with little likelihooã of providing addäà insights into the issues
investigated. Hence, I effectively tie net foreign asset ownership to a geogãphical locaìion (r) rather than
household type (k) aware of the apparent methodological inconsisten"y *ittr thè treatment of pirysical capital
in Section 2.5.4.
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A(t), is the value of household r's foreign assets (in foreign currency units) at time I, and

S(t - 1), is the value of the addition to those stocks in the database year, then the

derivation of E-del-netf starts with the identity: A(t), = A(t - 1), + s(t - 1), ' The control

solution for year / net assets is set equal to the year t-l net assets. A convenient expression

for this identity is then:

A(t), =A(t-1), +S(t-1), +s(t-1),H (F,2.s.17)

Where H has the value -1 in the control solution to the model. V/ith H equal to -1, the

above expression establishes A(t-l), as the control solution for A(t),. Converting

(82.5.17) to a rate of change format provides:

^A(t), 
= S(t - 1). AH (E2.s.18)

Which, upon making the obvious notational changes, provides Equation E-del-netf in

Section 4 of Appendix A. In a simulation, the variable AH is shocked equal to 1, thereby

establishing the required net asset accumulation relationships by bringing the value of H in

(E2.5.17) to 0.

The percentage change in the foreign curïency value of the net interest earned by

household r on its net foreign assets is given by Equation E-netJ-inl (Section 4, Appendix

A). In the levels, the net interest received by each regional household (T') on its net

foreign assets (A(t),) can be calculated as T' = A(t), x E, where E is the rate of return on

the net foreign assets. Converting this relationship to a percentage rate of change form and

noting that the base solution for A(t), is A(t - 1), provides:

(E2.5.1e)/' - loo aA(t) + e
A(t - 1),

'Which, upon making the obvious notational translations, provides Equation E-netJ-int
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Finally, Equation E-netl-int-dc computes the percentage change in the domestic
cuffency value of the net foreign interest receipts (netl_int_dc,.) of household r,

2.5,8.2 option 2: ownership of physical cøpital determined by søvings

Under this approach, changes in household savings and in government investment are

reflected in changes in their ownership of domestic physical capital. Hence household net
foreign liabilities are exogenous. This is the approach that has been used in the simulations

reported in Chapters 4 - 6.

Equations E-k-ownersl - E_k_ownersïB calculate the percentage rates of change in the
quantity of capital in each regional industry owned by each of the six types3T of owner in
the set owNER238. The first stage in deriving these equations is to note the following levels

relationship between the net investment of owner type t (1(0)' ) during the databas e year,

and the quantity of capital owned by owner t atthe beginning (K(0),) and end (K(r)r) of
the databaseyearl:

K(t)' =K(0)' +1(0)' t:2-6. (F,2.s.20)

The base solution for K(t)' is K(0)' , implying that 1(0)' is zero in the base solution. A
convenient expression for the above levels equation is then:

K(t)' =K(0)'+1(0)'H t:2-6. (F,2.s.2r)

Where H is equal to zero in the base solution (thereby establishing K(0)' as the base

solution for K(t)') but is shocked equal to 1 in a simulation, thereby establishing the

37-"' t' Foretgners; ii. Commonwealth Government; iii. Regional govemment l; iv. Regional government 2; v.
Region I households; vi. Region 2 households.
" Not. that the only difference between the sets owNER and owrqgR2 is the separate identification in the
latter of the regional dimension to regional government ownership. This is ttecesrury to calculate the
percentage change in the capital ownership of the "regional government" owner identifred in the set owNER.
The latter set is used for all other purposes in the model because, since regional governments are assumed
only to own capital in their own region, it is not necessary to identify the region oi the regional government
owner - this is given by the region in which the industry is located.
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relationship given by Equation (E2.5.20). Converting Equation (82.5.21) to a percentage

rate ofchange form provides:

k(t)' =loox [t(o)' f r6¡'þn t:2-6. (82.s.22)

The percentage change in the quantity of capital owned by each domestic agent in each

regional industry, k(t)'¡., is then assumed to be equal to the percentage change in the

aggregatequantity of capital owned by each domestic agent, k(t)' :

k(t)'¡,, = 1oo' þ{o)' f t<\t|þn t:2-6 (F,2.5.23)

Noting that regional govemments only own capital in industries located within their own

region, and then making the obvious notational translations to Equation(82.5.23), provides

Equations E_k_ownersl - E_k_owners4 in Appendix A. It is worth discussing briefly how

the coefficients on the right hand side of Equation (82.5.23) are evaluated. First, the

quantity of net investment attributable to owner type t is evaluated by first calculating the

funds available for gross fixed capital expenditure, to each domestic agent, during the

database year. For households in each region, this is given as the difference between

household disposable income and household consumption3e. The value of gross fixed

capital formation by each regional govemment is recorded in the database' Foreign gross

fixed capital formation is then calculated as the difference between national gross fixed

capital formation and that of the total of all domestic agents. The share of each owner type

in economy-wide gross fixed capital formation is then calculated. These shares are then

applied to the economy-wide quantity of net investment to calculate the quantity of net

investment undertaken by each domestic agent. This provides the coefficient 1(0)' in

,t This introduces a methodological inconsistency with the treatment of returns to capital in the inter-regional

migration theory. In terms of ìts impact on results, this inconsistency is hivial (it would require very large

changes in migrant numbers, major differences in capital ownership levels, and major differences in savings

per hãusehold, for this incompatibility to have a noticeable impact on simulation results). To be compatible

iitt tttut theory, household iavings for the present application should not be def,rned on the basis of the

region of residence of the househõld, but rather, on the basis of the class of household owning the capital

1w:trictr, in the presence of inter-regional migration, is independent of the region of residence in all periods

òther than the initial year). This would not only require that the disposable income of these households be

calculated, but also their aggregate consumption. While possible, for the current applications of the model I
have not considered the lntroduction of this extra complexity to the household income / consumption
accounts to be worthwhile.
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Equation (82.5.23). Note that this coefficient is evaluated directly from the base year data
and is not updated during multi-step simulations.

The econoury-wide quantity of capital owned by owner type t (K(t)') is equal to the sum

across regional industries of the quantity of capital owned by t in each regional industry,

K(t)j,,. The latter is calculated by applying the ownership shares implicit in the database

matrices MVl - MV3 (See Chapter 3) to the database value for the quantity of capital in

each regional industry. The coefficient K(t)j,. is updated during multi-step simulations of
the model, reflecting the changes occurring in ownership shares, capital quantities, and

capital prices.

In the levels, the quantity of capital in each regional industry that is owned by foreigners is
equal to the total quantity of capital in the industry less that owned by domestic agents.

That is:

6

K(t¡F;;"is' = K(t) ¡,, -ZKG)',,, (82.s.24)

Converting Equation (82.5.24) to a percentage rate of change form, and making the

obvious notational translations, provides Equations E_k_owners|l and E k ownersLa in
Appendix A.

The final set of equations relating to the updating of capital ownership is given by
Equation Elfsk-owners. This calculates the percentage change in the share of the capital
owned by owner type t (t e owNens) in regional industry7,r. Under a comparative static
closure of the model, or a closure in which the household net foreign assets are

endogenousaO, this equation is rendered inoperative via the endogenous determination of
fsk_owners¡¡,,. otherwise, the equation is brought into operation by swapping the
endogenous / exogenous status of sir owltêrs¡¡,y and fsk_own€rs¡¡.¡.. The variables
sk-owners,i,r appear in no other equation in the model. Their purpose is solely in the

ao See Section 2.5.8.1
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updating of the matrices MVlq¡,r, MV2q;,. and MV3oj,.al to reflect changes in capital

ownership shares.

2.5.9 Nominal household gross savings

Household gror.ot savings by region are equal to household gross income less net taxes

and consumption. Equation E_n_sav defines the percentage change in nominal household

savings as the weighted difference in the percentage changes in household disposable

income (n-dinc) and household nominal consumption (n3reg,).

2.5.10 Equations to facilitate the exogenous determination of household purchaser's
prices

During an historical simulation of the model, it is likely that the purchaser's price

calculated by the model for any individual commodity consumed by a regional household

will differ from the price as available from the ABS. It is preferable, for a number of

reasons, to determine exogenously the prices faced by regional consumers for individual

commodities. First, as discussed in Section 2.5.2, real household consumption by

commodity is determined exogenously in the historical simulation, with household

preferences determined endogenously. Hence, given the model's consumption theory, the

model will over (under) estimate the magnitude of the true shift in preference towards

those goods, the consumer prices of which, are growing more (less) rapidly in the model

relative to their price change in reality. This is an issue if the values computed for these

taste change variables are to later form part of the shocks to the model during forecasting

simulations (as they do in Chapter 5). Second, deviations in the model calculated

consumer prices by commodity from actual consumer prices by commodity will, as the

model is simulated through time, alter the value shares of individual commodities in

regional household consumption budgets away from the value shares implicit in ABS data.

This can begin to become apparent for some commodities when the model is simulated

over a period as long as say 1992193 - 1998199, as is done in Chapter 4.

Equations El3shift through to E_lthant3natB in Section 4 of Appendix A, and Equation

E_tax3ph in Section 15 of Appendix A, facilitate the exogenous determination of the

ar See Chapter 3.
o' I.t the sense that no allowance is made for depreciation of physical assets.
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household purchaser's prices of individual commodities. Equations Elt3ncom and,

813-na-i have the same general form as Equations E_x3ncom and, E_x3_za_i described
in Section 2.5.2. In the historical simulations, I calculate implicit price deflators by
national accounts commodity (r.rconr) from current price and chain volume measures of
household consumption by commodity and region supplied by the Australian Bureau of
Statistics. The percentage change in these deflators is given by p3ncomnn,, in Equation
E1t3ncom. This equation calculates the percentage change in the price faced by regional
household r for national accounts commodity na as the share-weighted sum of the
percentage changes in consumption of FEDERAL-F commodity i classified within national
accounts commodity na (i"e p3-ff_na¡,,n,,). The relevant share weights are those of the
purchaser's value of neoeRAL-F commodity i classified within national accounts

commodity na. The variables f13r, and f_p3gen are shift variables that are exogenous

under the standard comparative static closure of the model. Equation E_p3_na_i calculates

the percentage change in the price faced by regional household r for FEDERAL-F

commodity i as the share-weighted sum of the percentage changes in the consumption of
national accounts commodity na classified within FEDERAL-F commodity i. The relevant
share weights are those of the purchaser's value of national accounts commodity na

classified within FEDERAL-F commodity l.

Under the standard comparative static closure, 8131ff_na calculates the percentage

change in the purchaser's price of commodity i cross-classified with national accounts

commodity na. This shift variable p3shift¡,, is endogenous, and is effectively determined

by Equation El3shiJt to maintain the equality between p3¡., and, p3_na_i¡,,. Finally,
Equation E-phant3nata calculates the percentage change in total economy-wide
collections of phantom taxes accruing on household purchases.

Under the historical closure, the consumer purchaser's prices by national accounts
commodity by region, p3ncomnn,,. are set exogenously, and the shift vanables fp3ncomrn,,
in Equation 813-1ff-na are determined endogenously. Next, the commodity and region
specific shift variable (fp3r¡,,) in Equation E_iffp3r is switched to being determined

endogenously, and the corresponding elements of the shift variable p3shift¡,, in Equation
813,ff-na is switched to being determined exogenously. Equation E1ffp3r is then
brought into operation by setting exogenous the shift variable .ffp3r,,,., and setting
endogenous the corresponding elements of the household phantom tax shift variables
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(fphtax3¡,,,) in Equation E_tax3ph. Under this closure Equations E-p3shift through to

813;ff_na operate as follows. Commodity prices by national accounts commodity

(p3ncomnn,,) are determined exogenously in Equation E1t3ncom. The shift variables

þ3ncomnn,, in Equation 81t31ff_na are endogenous, and attain those values necessary to

ensure that the weighted sum of the cross classified consumer prices Qt3-ff-na¡,nn,,) within

any given national accounts commodity sector corresponds with the price that has been

exogenously determined for that sector (i.e via the exogenous determination of p3ncomnn,).

Equation El3shift operates to force household consumption prices regardless of source

(p3¡.,) to equal the weighted sum (across national accounts categories) of cross classified

national accounts prices @3_na_i¡.). This is achieved via the endogenous shift variable

.fp3r,,,in Equation E,ffp3r, which delivers a uniform (across domestic sources) shift in the

price faced by household r for commodity i from domestic source s such that the equality

given in Equation E-p3shift is met. The shifts delivered to p3r¡,, in Equation E1ffp3r are

accommodated by shifts in the household phantom tax shift vanablefphtax3¡,,,, in Equation

E_tax3ph.

By setting the prices of commoclities consumed by each regional household exogenously,

one has also effectively determined both national and regional consumer price indices.

However, the consumer price index, p3nat, is already determined exogenously as the

numeraire. To avoid an inconsistency between the exogenous setting of p3nat, and the

exogenous determination of p3ncomnn,, the uniform shift variable f-p3gen in Equation

El3shift is determined endogenously, and the aggregate value of phantom taxes collected

on consumption, phant3nat, is determined exogenously at zero. This transforms the role of

Equation E_p3ncom to that of determining consumer prices in each region relative to the

exogenously specified national consumer price index. The final swap undertaken in

moving to the historical closure is to set the regional consumer price index for the region of

focus @3reg) exogenous, and set endogenous the region 1 shift variable f13r¡ in

Equation El3ncom.
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2.6 R¡.rns oF RETURN, ItwBsrn¡ENT, AND CAIITAL Suppry

2.6.1 Overview

FEDERAL-F retains the original theory goveming rates of return and investment contained in
the comparative static reonR¡L model. However, it also incorporates the static-
expectations rate of return theory and capital supply theory of the MoNASH model. Hence,

the pEoeRel-r model can be run under one of two modes: a comparative-static mode, in
which the original reoenel rate of return and investment theory is operational; and ayear-
on-year mode, in which the MONASH static-expectations year-on-year capital and

investment theory is operational. The treatment of capitai and investment in the multi-
period mode of reoERlI--p follows that of the MoNASH model, adapted to the multi-
regional case. This adaptation is discussed in detail in the remainder of Section 2.6. This
discussion follows closely that provided by Dixon and Rimmer (1997) and Dixon and

Rimmer (I999a), and the reader is referred to these for a full description of the M6NASH

theory upon which this part of the FEDERAL-F theory is based.

Table 2.6.1 describes the endogenous and exogenous status of the key variables necessary

to move between the comparative static and year-on-year capital and investment theories.
The full meaning of each of these variables, and the equations to which they relate, are

described in detail in the remainder of Section 2.6. The table is introduced now, however,
because it will be of considerable assistance to the reader in understanding the functions,
under various closures, of the equations described later in Section 2.6, and the swaps that

are undertaken in moving between those closures. Column I describes certain elements of
the short-run comparative static closure. Aggregate real private investment at the national
level (i-real) is endogenous. However, it is indexed to real national consumption spending
via E-omega and the exogenous status of the vanable finv_com - the ratio of real private

investment to real consumption spending. The shift variable f _eqn54,,, on Equation

E-cap-at-tplusl is exogenous, and hence this equation determines the relationship
between current regional industry rates of return relative to the economy wide expected
rate of return, and the growth rate in regional industry capital stocks. The economy-wide
expected rate of return (omega) is endogenous, and can be thought of as adjusting to ensure
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that regional industry capital growth rates in the solution year are compatible with the
economy-wide investment budget in the solution year. Regional industry current capital

stocks (cap-at-tr,,) are exogenous and the rates of return on these stocks (crates,,,) are

endogenous. With current capital stocks exogenous, it is necessary to have the

corresponding shift variables delJ_acjj ì., ofl Equation E_dell_ac_pat endogenous,

thus effectively removing Equation E_detl_ac__p_y from the model. V/ith regional
industry investment endogenous, and regional industry capital stocks exogenous, it is
necessary for the variable measuring the investment / capital ratio for each regional

industry (r_inv_cap ¡.,) to be endogenous. Equation E_dJ_eeqrorjr, describing the

relationship between regional industry capital growth rates and expected rates of retum in
the year-on-year theory, is made inoperative by setting endogenous the shifters on the

positions of the regional industry capital supply functions (dJ_eeqrorjr¡.,).

As Table 2.6.1 indicates, fwo long-run closure options are available for this part of the
model theory. One of the defining attributes of the long-run is that sufficient time is
assumeci to have eiapseci to allow regional industry capital stocks to have a_djusted to

changes in capital demand. Hence, under both long run closure options, cap_at_t,,, is

endogenous. In the first long-run closure (Column 2), long-run rates of return on regional

industry capital stocks (crates ¡,,) are set exogenous. The supply of capital to regional

industries (cap-at-t ,,, ) then adjusts to the demands for capital by firms in order to ensure

that the rental price on capitai is compatible with the exogenous status of crates ¡,, and the

endogenous construction cost of capital in each regional industry @i¡,).

Two long-run closures for industry level investment are then available. The first continues
to rely on Equations E-cap-at_tplusl and Eatp|ó to allocate economy-wide investment
and determine industry-level capital growth rates in the solution year, and hence industry-
level investment in the solution year. The second closure (Column 3) is similar to the
MONASH structural closure. This closure does not use Equation E,cap_at_tplusl to
determine the capital stock in the period following the solution year on the basis of
changes in the economy-wide rate of return. Instead, it is assumed that in the long-run,
investment:capital ratios in all regional industries are exogenous. Hence the variable
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r_inv_cap i,, in Equation E_r_inv_cap is set exogenous, and the rates of return on capital

in the solution year ( crates ¡,,) are set endogenous. The economy-wide investment

constraint is met by setting endogenous the common shift variable on the regional industry

investment lcapital ratios (r_inv_cap_u) and setting exogenous the expected economy-wide

rate of return on capital (omega).

Column 4 in Table 2.6.I contains the swaps necessary to move to the closure that is used in

year-on-year deviation or policy simulations. First, the relationship between current rates

of return, the expected economy-wide rate of return, and the capital growth rate in regional

industry/,r given by Equation E_cap_at_tplusl is no longer used. It is removed from the

model by setting endogenous the shift variables 7_eqn54¡,,. The shift variables on the

capital supply functions (dJ_eeqrorjr¡.,) are set exogenous, thereby bringing Equation

E_dJ_eeqror into operation. The equation linking changes in capital availability in the

solution year to the database values for capital, investment, and depreciation (Equation

E_delJ_ac1 :tt) is brought into operation by setting delJ_aci1,,, exogenous.

Changes in the opening capital stocks are now (essentially) determined exogenouslya3 lvia

unitary shocks to del_unityr,) and changes in regional industry investment are determined

by the relationship between expected rates of return and capital growth rates given by

Equation E_dJ_eeqrorjr. Hence the regional industry investment I capital ratios

(r_inv_cap ¡,,) are now endogenous. With the regional industry investment I capital ratios

endogenous, and the regional industry capital supply functions now operative, the

endogenous status of the uniform shifter on the investment capital ratios (r_inv-cap-u)

must be swapped with the uniform shifter on the capital supply functions (dJ_eeqror) to

ensure that the economy-wide investment budget is met.

Column 5 contains the swaps necessary to move to the closure used in year-on-year

historical or forecasting simulations. In these simulations, real economy-wide investmentaa

is typically set exogenous, and shocked equal to either the value it was observed to have

attained over the historical period under investigation, or by the value it is expected to have

over the future period under investigation. This requires that the indexation with real

a3 On the basis of the opening database values for initial capital stocks, investment, and depreciation rates.
oo Or some other measure of economy-wide investrnent.
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consumption spending be broken. That is, the ratio of real private investment spending to
real consumption spending (finv-com) is now endogenous. Column 6 shows the swaps
necessary to move to the closure used in year-on-year decomposition simulations. Under
this closure, the economy-wide shifter on the capital supply schedules (dl_eeqror) is
exogenous' and economy wide real private investment expenditure is endogenous.
Economy-wide real private investment spending is no longer constrained, but is the sum of
the investment expenditure across all regional industries.

2.6,2 P reliminary definitions
Before proceeding with the explanation of the equations describing capital accumulation
and rates of return in Fel¡nRL-¡, it is useful to describe a number of definitions relating to
both the model database and the calculation of control solutions in the forecast model.

Figure 2.6.12 Examples of naming conventions for stock and flow variables

Value of capital:

Price of capital:

Quantitv of capital:

TIME

Value of investment:

Price of investment.

Qu ant ity of i nv es t m e nt i

v(r - l);
P(r -1)l
K(r - l)i

t-l

v(r)j
P(t);

K(t);

v(t + 1)l

P(t + 1)j

K(t + 1)l

t t+1

vr(t)j

It+-
2

I(t - 1); I (t);

YEAR '-1 YEAR /€ DATABASE YEAR )CSIMULATION YEAR)

As discussed in Section2.l.2.l,the.Tohansen / Euler solution method calculates solutions
for the model's variables as percentage deviations away from a base solution. These base

solutions are either provided directly by, or calculated from, the model's database. The
database records information on (among many other things) stock and flow variables on
investment and capital formation that relate to a particular year of economic activity (the
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"database year"). Two conventions in recording these data are worth making explicit. The

first is that the database information on stock variables relates to their status at the

coÍtmencement of the database year. The data on flow variables relate to their status

during the entirety of the year, or in the middle of that year (for average capital asset

prices). The only data for which end of year information is retained is end of year capital

asset prices, P(l)i . The second convention is that data on physical quantities (of capital

and gross fixed capital formation) are not recorded. Rather, data on both their values and

per unit prices are recorded, with quantities calculated by dividing one into the other.

Figure 2.6.I attempts to summarise these conventions. The database year is the year t-L.

The database contains, among many other variables, information on the value of capital

and investment, and capital asset prices, by regional industry. The value of capital in

regional industryj,r at the coÍrmencement of the database year is given by V(r - 1)l . The

price per unit of this capital is P(r -l)'¡ , hence the quantity of capital can be calculated as

v(l-D'.rfp?-l); =K(l-1);. VI(r-1)l is the database value of investment in each

regional industry during the database year. Given the mid-year price per unit of capital,

the quantity of gross fixed capital formation in the database year can be calculated as

l1
VI(r - r)', I PQ - i)', = t(t -I)'i .

The database values for K(t - 1)] form the control values for the calculation of K(t)l in

the historical and forecasting simulations. The values for I(t - 1)l form the control values

for the calculation of the percentage growth in investment across the simulation year. The

values K(t-1)l(1-Dî)*I(t-1); (that is, K(t)]) form the control solutions for the

calculation of the percentage growth in capital across the forecast year.

2.6.3 Rate of return on regional industryjr's capital - comparative static definition

The net rate of return on capital in regional industryj,r in the FEDERAL model is defined as

the post-tax rental price of a unit of that capital P,(')' , divided by the cost of constructing a

unit of that capital fll, less the depreciation rate on that capital Dl :
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(Levels version of r¡osRer Equation 52)

Converting this to a percentage rate of change format, and noting that the depreciation rate

Dl is assumed to be fixed, provides:

Rj?=ff-r;

,jl,' = Q\D'(o<n' - 1T'. (rnuennr Equation 52)

Where Qj')' iu the ratio of the gross rate of retum (that is, before depreciation) to the net

rate of return (that is, after depreciation). Making the obvious notational translations to
FEDERAL Equation 52 provides Equation E crates.

2.6,4 Capital growth rates related to expected rates of return - comparative static
definitÍon
The relationship between capital growth rates and expected rates of retum is based on the
ORANI (Dixon et al. 1982) assumption that investors behave as if an expansion in the
capital stock of a particular regional industry will lower its rate of retum in one period's
time' Furthermore, they behave as if they expect that an increase in this period's rate of
return will correspond to an increase in next period's rate of return. The precise form of the
function in the levels is:

Rilr =.'t[ffi) "

From this equation it is apparent that if next period's capital stock is thought by investors to
be equal to the current capital stock, then the expected rate of return will equal the current

rate of return. However, since pl is a positive parameter, if next period's capital stock is
expected to exceed the current capital stock, then next period's rate of return will be
expected to fall below the current rate of return. The converse is obviously also true. An
increase in the current period's rate of return will produce a vertical upward shift in the
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function, and hence generate an increase in the expected rate of return for any given capital

growth rate.

The next important assumption is that investors allocate the total private investment budget

across industries so as to equate the expected rates ofretum across regional industry capital

stocks to some economy-rwide rate of return. Hence the equation for the expected rate of

return in regional industryi,r is:

e=FÍt,o,R'r[ffi) " (Levels version of ¡po¡RRl- Equation 54)

The economy-wide expected rate of return, O is endogenous. The variable F,fto' it a shift

variableas that is exogenous in the comparative static closure. Given the relationship

between expected rates of return and capital growth rates across regional industries, f)
adjusts to ensure that the rates of capital growth across regional industries are compatible

with the economy-wide investment budget. Converting Equation 54 to apercentage rate of

change format, and re-arranging, makes the relationship between capital growth rates and

rates of return more clear:

(rnlen a.r- Equation 54)

The rate of growth of regional industry j,r's capital stock is a positive function of the

difference between the growth rate in that industry's rate of return on capital and the

economy-wide rate of return. The sensitivity of capital growth rates to the difference

between regional industry current rates of return and the economy wide expected rate of

return is given by the coefficient t/Pj . tttuting the obvious notational translations to

Equation 54 provides Equation E_cap_at_tplusl in Section 5 of Appendix A.

ot Thi, variable is not present in the original FEDERAL theory, but is added in peognel-F to allow this

equation to be eliminated in year-to-year simulations.

(¿; rrr - /ç; (o)) = [;) lr'," 
* r,,(o) - at]
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2.6.5 Accounting for the rate of growth of regional industry capital stocks
The capital stock available at the beginning of next period is assumed to be equal to the
depreciated level of the current capital stock, plus the cunent period's level of investment.
In the levels, this can be expressed as:

K;(1) = K;(0)(1- oj)+ Il (Levels version of reoennr- Equation 55)

The same accounting relationship is used in both the comparative static and year-on-year

theory to relate next period's capital stock to the current period's capital stock and
investment. Section 2.6.6 describes the linearised version of the above equation which is
used in the model.

2.6.6 Capital at the begÍnning of ye r t
Recall from the discussion in Section 2.6.2 that the quantity of capital specified in the
database relates to the quantity available at the commencement of the database year.

Hence, in undertaking a simulation across the year r, it is necessary to calculate the
quantity of capital available to each regional industry at the commencement of the year /.
The control value for each regional industry's capital stock at the commencement of the
simulation year is taken to be the quantity of capital available to each regional industry at
the commencement of the database year. However, we know that the quantity of capital
available to each regional industry at the commencement of the simulation year will differ
from that available at the corÌmencement of the database yeaÍ because of the investment
and depreciation that occurred during the database year. Hence the following percentage-

change shocks should be imposed on the model, given the assumed base solutions for
K(t)',:

(F,2.6.r)

One could determine the k(t)', 's exogenously, conduct the calculations given by Equation

(82.6.1) outside of the model, and then shock the k(t)','s by the values thus calculated.
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However as Dixon and Rimmer (1999a) note, for convenience the shocks to fr(l)" can be

calculated within the model. The first step in deriving the equations that achieve this is to

note that, in the levels, the quantity of capital available to each regional industry at the

commencement of the database year is given by Equation(82'6'2)'

K(t)l = K(t -1);[1 -ol]+ r(t -r)i (F,2.6.2)

The initial solution in the yeaf t for K(t)l is K(t-1)1. However given (E2.6.2), rot

K(t - 1) j to be a legitimate element of the model's initial solution requires that:

olkA - 1)l]- I(t - 1)l = o (F,2.6.3)

That is, for K(t) j = K(t - 1)l to be a legitimate element of the model's base solution, the

level of investment in each regional industry must equal the level of depreciation of

physical capital. With K(t); = K(t - 1) j we can write:

K(t)l -K(t-1);[l -D

Or:

Which is the levels expression for Equation E-delJ-acJ)y:

K(t)l = K(t -l)l [1 - ol]+ I(t (F,2.6.s)

The variable H is equal to -l in the control solution (thereby allowing the base year data to

be a solution to the model in the simulation year). In a simulation, H must be shocked

equal to zeÍo,thereby establishing the accumulation relationship given by (82.6.2).

46.(82- r(t-1); = K(t -1); -K(t -1); [1 -Dl ]-I(t-1);

K(t)j -K(t-1)j [t-o;] -tA-1)l = - kA-1)iD; -I(t-1);]H

1); - k(t -r);Dj -I(t -1);]H

)
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Converting Equation (F,2.6.5) to a percentage change form, and adding the shift term

L1:tr(tll,, yields:

K(t)'ik(t);= -100k(t - t);Dj - r(t - 1);hH +t00vyrr,<,t, (F,2.6.6)

Making the obvious notational translations to Equation (F;2.6.6) provides Equation
E_delJ_acly in Section 5 of Appendix A.

In year-on-year simulations the endogenous variable in this equation is k(t),¡. The

exogenous variable is the variable AH (which must be shocked by 1). By shocking AH
by 1 the value of the level for this variable is changed to zero. This provides the
accumulation relationship (as. expressed in the levels) provided by Equation (¡¡2.6.2).

The shift term Lflk(')þ çdetl_ac_py in Equation E_detJ_ac_py) is exogenous during

year-on-year simulations with the model. However in short-run comparative static

simulations, current capital stocks (cap_at_t,r) are exogenous. In long-run comparative-

static simulations the availability of capital in the solution year is determined by the
requirement that changes in rates of return are zero. In both these cases the opening capital
stock at the start of the solution year is not given by Equation (82.6.6). Hence the equation

is rendered inoperative by setting Lftr'(rtt' endogenous.

2.6.7 Capital accumulation across the forecast year
The gestation lag between the undertaking of investment in one period, and the consequent
installation of productive capital in a later period, is assumed to be such that the investment
undertaken during a year is installed as productive capital at the commencement of the
subsequent year.ou Given this assumption, the capital available to each regional industry at
the end of the simulation year is equal to the depreciated quantity of capital available to the

au Assuming that investment expenditure occurs uniformly across a year, this corresponds to an average
gestation of six months.
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regional industry at the beginning of the period, plus the quantity of new investment in the

regional industry during the period.

In the levels, this relationship can be expressed

K(r + l)j = K(t);(t - o;)+ r(t)l (F,2.6.7)

The initial solution for K(t +1)l is set equal to the level of capital available to the regional

industry at the end of the databaseyear (that is, the commencement of the forecast year).

The control solution for K(t)j remains K(t-1)1, and the control solution for l(t)j is

I(t - lX . Hence the control solution for both Equations (F,2.6.5) and (E2.6.7) is:

K(t+1); =K(t-1);
K(t); = K(t -1)l
I(t)j =I(t-1);

(t - o;)+ r(t - r) j (a)

(b)

(c)

It can be seen that these are legitimate elements of the initial solution for the model by

substituting (b) and (c) into the right hand side of (82.6.7), and (a) into the left-hand side of
(F,2.6.7)

The linearised version of Equation (F,2.6.7) is (E2.6.8):

k(t +t)'ikA * r);] = fr(/); k(t);(t - o;)* tOl; [IAX ] (E2.6.8)

where the coefficients K(t+l)l,K(t)l and l(t)l are evaluated from the model's database

using the control solutions (a)-(c) above. Equation (E2.6.8) provides Equation 8j156 in

Section 5 of Appendix A, after making the obvious notational translations.
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2.6.8 Beginning and end of year capital asset prices

Section 2.6.2 infroduced the idea that the database contains information on start of year
capital asset values and the value of investment through the year. The database also
contains information on per unit capital asset prices as at: the start of the database year, the
end of the databaseyeaÍ, and the middle of the database year. This information on total
values and per-unit prices allows the calculation of the coefficients for the quantity
concepts for capital and investment which appear in the equations in Section 5 of
Appendix A. Given the presence in the database of data related to start, middle and end of
year capital asset prices, it is necessary to add two sets of equations to the model to
calculate the variables used to update these data. These two equations have the same
general form (adapted to the multi-regional case) as those serving the same function in
MONASH, and so the discussion below follows closely that of Dixon and Rimmer (1999a).

Since the database contains values for the start of year and end of year capital asset prices,

the database contains all the information necessary to calculate start of year capital asset

prices, pcapatt | . The following equation calculates the shocks to pcapattl using the

database values for the start and end-oÊyear capital asset prices:

PCAP_AT_T| x pcapattl =
t oo x þcer_AT_Tt_Bl - pCAp_AT_T_Bl] x det_unityr,

(F,2.6.e)

Which is Equation Eltcapatt in Section 5 of Appendix A. This equation is derived by first

noting that, by definition, capital asset prices at the start of the simulation year, p(r)1.

(represented by PCAP-AT-T,i in Equation Ejcapatt), are equal to the database values

for end of year capital asset prices, P(r+l)l (which is PCAP AT_T1_Bi in Equation

Epcapatt), hence:

P(t)l¡ -P(r+l)i =ç (82.6.r0)
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The control solution for P(r)i is its value at the start of the database year, P(t)j. (which is

given by PCAP_AT_T_BI in Equation Eltcapatt). Hence, the initial solution for the

model requires that:

P(r+1)l-P(/);=0 (E2.6.1r)

The following levels equation, with the value of the new parameter H set at -1 in the initial

solution, establishes P(r)i as the base solution for P(r)f :

P(t)l¡ - P(r + 1)l = (t +l)',- P(/); H (F,2.6.r2)

In the solution year, H must be equal to zero (its rate of change representation in Equation

E_pcapatt, del unityr,., is shocked by 1) to establish the levels relationship

p(t)'¡ -P(r + 1)l . Converting Equation (F,2.6.12) to a percentage rate of change format

provides Equation E ltcapatt above.

The calculation of pcapattl has introduced the idea of the end of year capital asset price,

Pit.9i. Note that the bar on this variable (and the suffix "-8" on the coefficient

PCAP_AT_T_BI ) denotes that it is a base value that is not updated for the purpose of

evaluating the equations in which it appears - that is - its value remains identical to its

value in the database year throughout the simulation year calculations. However, the

coefficient in the clatabase from which P(t+l)i is evaluated must of course be updated,

since it must reflect the activity that occurs in the simulation year so that a correct base

value for P(t+l)j (or, what might now be labelled "P(t+2)1") is available for the

simulation year t+L In calculating end of year asset prices, it is assumed (following its

method of calculation in MoNASH) that the end of year asset prices for year / are equal to

the middle of year asset prices for year t, fQ + /r)', (*nt"h is represented by PCAP-J/ in

Equation Eltcappatl), plus six month's worth of growth calculated at the rate of growth
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in capital asset prices established between the middle of year t-I and the middle of year r
Hence:

(E2.6.13)

. Upon substituting these control values into equation (82.6.13), it is apparent

that for these values to be legitimate elements of the control solution then it is also

,Q-%1, Evaluating equation (82.6.13) with thesenecessary that P(t+1)l equals

control values provides:

The control solution for P(t+l)f is F(;lt, and the control solution for p(/ */rl, o

p(t +L)i - ,Q * %), "

p(t +t)i - ,Q * %), "

,Q-%1, (82.6.r4)

What is now required is a form for (E2.ó.14) that holds in the model's base solution for
year t, but which also allows condition (82.6.13) to be instated during a simulation. To
create such a form, the RHS of the above expression is multiplied through, first by -1 and
then by H. The coefficient H has the value -1 in the initial solution to the model. This
provides:

=W-Ð,-"1'.e1]"H ru2 6.rs)

t,//2
,Q*%),

,Q-%1,

Linearising equation (F.2.6.1 5) provides:
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t//2

Þt, * ¡ilx p¡t +t)l = r.sxe(t *%1¡
,ft. rí xrl+

_t//2 x A,H

(F,2.6.16)

(F,2.6.17)

,fr - t,;y,

100 x P

Which, after making the obvious notational translations, is Equation Elcapattl in Section

5 of Appendix A.

2.6.9 Investment-capital ratios by regional industry

In the levels, investment-capital ratios, by regional industry, are given by:

- P(t + l)f

p ( t : K ) p (1 :K) (R,,r,'*, ) = !).t
K(t)',¡

Where:

p(t:K)

p,( I:K)
lr

pr.(t:K)

I(t)',¡

K(t)'¡

is a shift variable common to each equation;

is a region-specific shift variable on investment/capital ratios'

is the investmentlcapital ratio in regional industryir;

is investment in regional industryTr; and

is the capital stock in regional industryjr.

Converting the above to a percentage change form provides

¡lt:r) * f{r:xl * rr(t:K\ = i(t),¡ - k(t),¡ (E2.6.18)

Which is Equation E-r-inv-cap in Section 5 of Appendix A

Equation E_r_inv_cap serves two functions. Under the short-run comparative static and

year-on-year closures, the equation serves to report the percentage changes in regional

industry investment-capital ratios. This is also the case under the conventional long-run
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comparative static closure of the model. Otherwise, the equation can be used to impose an
alternative long-run comparative static closure on the model, under which investment-
capital ratios by regional industry are exogenous. Under this closure, Equation E_rinv_cap

determines investmcnt by regional industry 1y_¡t56 ¡,,). The economy-wide shift variable

f-inv-cap-u in this equation will likely also be endogenous, and determined by the
economy-wide investment budget. This alternative long-run closure is discussed in more
detail in Section 2.6.I.

2.6.10 Capital growth through the forecast year

The growth rate in regional industryT,r's capital stock across the forecast period, Gi , is
given by Equation (82.6.19):

G r
J

1 (F,2.6.re)

(F,2.6.20)

The linearised form of Equation (82.6.19) is:

100AG; @t, *r)', - k(t)',)

Whioh, after making the obvious notational conversions, is Equation E_del_k3r in
Section 5 of Appendix A.

2.6.11Expected rate of return on capital in the current year
Following Dixon and Rimmer (1997), the expected actual rate of return on regional

industry j,r's capital in the current year, R(*o*,I, ir assumed to be the sum of both the

equilibrium expected rate of return on regional industry j,r's capital, p(ram)1, and a

measure of the deviation from the equilibrium expected rate of return on regional industry

j ,r' s capital, R (o'Ðl . The levels version of this relationship is given by:
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R(RoR)r - B(ecm)l + R(DiÐl (82

The equilibrium expected rate of return, ¡(ecm)l , is that rate of retum required to maintain

the current rate of capital growth in regional industry/,r: it is the rate of return established

by the schedule linking capital growth rates and rates of retum, which is outlined in

Section 2.6.12.

Converting Equation (82.6.2I) to a rate of change format provides:

fipgon¡ - ¿¡B(Ecm)r + AR{DiÐ, (82.6.22)

Which, after making the obvious notational conversions, is Equation E_d_eeqror in

Section 5 of Appendix A.

Equation E_d_eror simply sets the change in the expected rate of retum (d_eror¡,') equal to

the change in the static expectations rate of return (del-ror-se¡,,).

2.6.12 The change in the equilibrium rate of return on capital in the current year

The "inverse-logistic" functions describing industry-level capital growth rates in the

MoNASH model (Dixon and Rimmer t997) have also been implemented in TEDERnL-¡,

adapted to the multi-regional case. Figure 2.6.2 descnbes such a capital supply function

for regional industry7,r. The capital supply curve relates the equilibrium rate of return

expected to prevail on regional industry j,r's capitalint+l to the rate of growth in the

industry's capital stock across the simulation year. The positive slope of the function

reflects an assumption that investors are more cautious about the prospects for a regional

industry the greater the rate of growth in that industry's capital stock. Fluctuations in the

rate of growth of capital are dampened by increases in the slope of the function at both

high and low rates of capital growth. A concomitant of the dampening of changes in the

capital growth rate is the dampening of percentage changes in the level of investment.

Indeed, the percentage change in the level of investment is constrained to being greater

than -100% by setting an asymptote to the curve at a capital growth rate given by the

depreciation rate. This is necessary to ensure that the solution for investment is greater
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than -100%o, since any other result would be incompatible with the assumption that, once
installed, capital cannot be shifted from a regional industry (except by the gradual process

of depreciation).

Figure 2.6,2: Regional industry capital supply related to expected rates of return

B(Eom)l

p(Notm)r

cj"u Ç (tut"*¡

G;
G (Trend)r

J

Source : Adapted from Dixon and Rimmer ( I 999a), Figure 3 3. I

In the levels, the inverse-logistic function described in Figure 2.6.2 is given by:

p(swlr -

Where:

ft(erm)r Is the expected equilibrium rate of return.

(*f*u * F¡ff',' * F,!30'u + F,!Ec'r * Fåït )

['"(o; -cj"'u)- '-c;) I
L-tn(oÍ'*"d)' - c: (of*n - cl'*"u !

(F,2.6.23)
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R (Nom)r
J

Is an estimate of the average rate of return that applied over the historical period

in which the industry's average annual rate of capital growth was Gjt'"nou.

These values are read in as data.

Is a variable which allows for vertical shifts in the capital supply curve of a

specific regional industry. These variables are endogenous during comparative

static simulations of the model. They may also be set endogenous during

historical simulations of the model if the level of investment in each regional

industry is known, and the capital supply schedules are not needed to determine

the relationship between rates of retum and capital growth.

Is a variable which allows for uniform vertical shifts in all the capital supply

curves of industries in region r. These variables will be determined

endogenously for those regions for which aggregate investment is determined

exogenously.

Is a variable which allows for uniform vertical shifts in all regional industry

capital supply curves.

Is a variable which allows for vertical shifts in the capital supply functions of

industryT irrespective of the regions in which it is located.

Is a positive parameter equal to the sensitivity of regional industryT,r's expected

equilibrium rate of return to changes in its capital growth rate in the vicinity of

Gl :6(r*nar .

Is the rate of growth in regional industryT,r's capital stock across the simulation

year.

Is the minimum allowable rate of growth in regional industryT,r's capital stock.

It is set equal to the negative of depreciation rate for the regional industry.

Is the maximum allowable rate of growth in regional industryT,r's capital stock.

This is set at a fixed amount ( Nlo't') above the historically normal rate of

gtowth, ç(rrend)r .

This is the industry's historically normal capital growth rate, as observed from

the historical data, and recorded in the model's database.

FáT-"

FáTO-U

F,!50''

Fá:O',

G;

C

G

G

(Min)r
J

(Max)r
J

(Trend)r
J

G
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Converting Equation (82.6.23) to a rate of change version provides

(F,2.6.24)

+ AFá)E:')' + AF,!fc"'r' + AF$s'r + AFá3i')

To facilitate the interpretation of results, Equation (F,2.6.24) can alternatively be expressed

aR{nq'r' = [å)' [[e+*]. [uy#-)]' oo,

ARleq'r', = 
[å)^"; 

+ lr,!i,"'), 1¡p1erm)r + aF,!Ec-r + nr,!!;-) (82.6.2s)

AGj = ZjþR{uo'r'-AFå::'F -aF,!|uo' -aF,!Ec'r -AFåï,*',]

AS

or

Where

(82.6.26)

'' = 
[[..,)' [[-+-) . [.*+)

-l

Which, after making the obvious notational translations, is Equation E_dj_eeqrorjr

That this is a useful transformation of this equation is made more apparent by substituting
Equation (82.6.22) into (82.6.26), as is done below:

AG; = Zlþn{Ronrr - ¡B(Dis)r - 
^Fl,ï',' 

- AF,!Ewr' - AF,!ec'r - AF,!ït ] (82.6.27)

Equation (82.6.27) makes clearthat changes in the rate of return residuals (AR;'^,') and

changes in the positions of the capital supply schedules (M,\fîr, ,AFr,ffr, , LF,\tf. ) have

an equivalent impact on changes in capital growth rates and hence levels of regional
industry investment. This is useful when interpreting the results of simulations in which
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these variables are endogenous. In year-on-year simulations in which both Al?.,1Du)' and

various elements ot nrr\l'l'\' , Mr\|"' , and, LFr\l'n) are endogenousot, it is unlikely that

the results for any one of these variables will be meaningful without reference to the values

of the others. In particular, the positions of capital supply schedules are determined by the

capital growth rate which is itself given by exogenously determined regional industry

investment budgets. The closure of residuals, Mfo'il', determined by Equation

E_d_diseq, will have its own implications for regional industry capital growth rates and

hence investment. However this will simply be offset by whatever value A{Ífl"' (utt¿

LF,ffr' , Mr\f. in the case of exogenous national and regional investment budgets) then

needs to acquire, given the exogenous status of regional investment. Hence, when

analysing the results of a structural closure in which these shift variables are then

exogenous, the impact of the closure of residuals and shifts in the positions of capital

supply schedules for individual regional industries should be summed and thus treated as a

single shock.

The sensitivity of industryT,r's expected equilibrium rate of return to changes in its capital

growth rate is determined by the parameter Cl. Dixon and Rimmer (1997) note that it is

possible to evaluate these parameters if one can calculate the slope of the capital supply

function in the vicinity of Gl - Olt*"d". They proceed by differentiating (E2.6.23) with

respect to Gl:

1 11

C )"I G G
+ (F,2.6.28)

j - cl"'t' 1"'-" - Gl

Solving (F,2.6.28) for Ci

at For example, an historical simulation in which Equation E_el-dßeq is operational, and regional industry
invesfments are determined exogenously, requiring the positions of the capital supply functions to be

endogenous.
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Ç!Mu*), _ Ç(wtin¡
(Min)rG _G Gj""*,. _ G;

Gl"'*n -6@irùr

(82.6.2e)

(82.6.30)

(F,2.6.3r)

Evaluating (82.6.29) in the region of Gl - Gjr'." provides

R (Eqm)r

æ'j

-l

XC

Dixon and Rimmer note there are no data on the slopes of the capital supply functions at
the industry level. However they obtain an idea of the overall sensitivity of capital growth
attributable to variations in expected rates of retum from investment functions in
Australian macroeconometric models. This parameter, M, is read in as data, allowing the

evaluation of the coefficient C', as follows:

c j=c(r'nd)'
(Trend)r ¡ (Min)rj -uj (Max)r _ 6(Trend)rG G

6(Max)r _ 6(tvtin)r
(rrend)r _ Çlvin¡ G (Max)r 7r (Trend)rj -ujG

The same approach is followed in p¡oeRel-F, with the value of M being set equal to its
value (which is 1) in the rr,roN,css model.

2.6.13 Elimination of the residual between the initial rate-of-return and the capital
supply schedule.

Recall that the expected actual rate of return on regional industry j,r's capital in the current

year ( RGo^)'.¡) is assumed to be the sum of both the equilibrium expected rate of return on

regional industryT,r's capital (Rtat't', and a measure of the deviation from the equilibrium

expected rate of retum on regional industry.7,r's capital (Aro':l;r. The database val.es for
expected rates of return (as given by the values for returns to capital, depreciation rates,
and the real interest rate) need not accord with the equilibrium expected rate of return as
given by the regional industry's capital supply function and the rate of growth in capital

across the database year. That is, the database year value for A('*)l will be non-zero.
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Following Dixon and Rimmer (1997), it is assumed that some proportion of the gap

between the database year expected rate of return, and the equilibrium rate of return, is

closed across the simulation year. Equation (F.2.6.32) calculates each periods movement

of expected rates of retum towards the capital supply function:

*toiol = (1- Ol)R jorÐ. (82.6.32)

Where:

o

R (Dis)r

r A parameter with a value between 0 and 1, and typically set at 0.5

The disequilibrium in rates of return in the database year.

The base solution for R(o'')i is R{oiÐ' . Hence, a form for Equation (F,2.6.32) is required

which is consistent with R(o'')j - p(ois)r in the base solution, but which also establishes the

adjustment mechanism given by Equation(82.6.32) when the model is shocked. This form

is given by Equation(82.6.33):

*roiol : (t _ a] h-tr - @q<D"r'¡1<oie' (F.2.6.33)

In the base-year solution to the model, the value of H@iÐ' is -1, thereby establishing

R{Di'¡ as the control solution for R(o")j. 'When the model is simulated, }1(Di')' is shocked

equal to 0, which establishes Equation (82.6.32). Expressing Equation (82.6.33) in rate of

change format, and including the shift variable AFiDßts, provides:

r_l
ARfoio' : -[O;n j"'Ð'þH{oiÐ' + AFJDkts (F,2.6.34)

Making the obvious notational changes, Equation (82.6.34) provides Equation E_d_diseq

in Section 5 of Appendix A.
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2.6.14 Checking that capital growth remains wÍthin its minimum and maximum
bounds.

Dixon and Rimmer (1997) note that during a badly behaved simulation it is possible forGj

to stray outside of the limits irnposed by Ç(Mi")'and G{"*Þ . This presents a problem for

the evaluation of Equ ation (82.6.23), which requires the calculation of h(G; - 6(Mi")') and

hþ{"*r - Gj) Rather than allowing the computation to terminate, Dixon and Rimmer

allow the computation to continue by resetting G; to either G{Min)' + 0.005, or

Qivu*)' - 0.005, depending on whether the capital growth rate has strayed below G1""','o,

above Ç(vta*¡ respectively. To alert the user that the value for Gj has been reset, the

following equations are then added to the model:

,6 nnù i - ¡(Kmin)j, ¡y¡(ctrt<) (F,2.6.3s)

g:r ^u^r, - ¡(Kmax)j x AH(.uu) (F,2.6.36)

Making the obvious notational translations, these provide Equations E_ch_kgrt and

E-ch-kgr2 in Section 5 of Appendix A. These equations serve no function other than to
alert the model user that the capital growth rates have strayed outside of the boundaries

imposed by 6fMi"l'and Gft'Ð' - the variables f(Kmin)i and gjKn'u*)l appear in no other

equationinthemodel. Thevaluesforthecoeffrcientrp(Kntin)j and D|Kn'u*)j areset atzero,

unless the capital growth rate either moves below G{Min)' (in which case DfK.in)j is set

equal to 1), or moves above Ç{va^r' (in which case D[K'"*)j is set equal to 1). The variable

¡g(cttk) is shocked equal to 1. A problem in the computation of capital growth rates is

then indicated for any regional industry where either f(Kntin)i or g(Kmzx)i does not equal

zero.

2.6.15 Post tax rental price of regional industry capital
The percentage change in the post-tax rental price of a unit of capital in regional industry

ir is given by reornel Equation 53, and is reproduced in ¡¡o¡ReL-F as Equation E_plcap
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in Section 5 of Appendix A. Expressed in the levels format, Equation Ellcap simply

says that the post-tax rental value of a unit of capital in regional industryT,r is equal to the

pre-tax rental price less the regional and Commonwealth taxes payable out of that rental.

That is, using the original rnoeRel- notation:

_ p(4)r _ p(7)r _ p(8)rr(g+1.2)j ^j ^j (F,2.6.37)

Where P,,n" i. the post-tax rental price for regional industry capital, P,!li,r,¡ is the price

paid by each regional industry for the rental of capital, På'li,r, is the Commonwealth

income tax on returns to capital per unit of capital, P,tt" it the regional government

residential land tax payable per unit of current capital in Dwellings, and P,(t)' is the

regional goverrtment commercial land tax payable per unit of current capital in the regional

industry.

2.6.16 Changes in rates of return on regional industry capital stocks

To describe an expression for the present value of investing in a unit of capital in regional

industry/,r I follow Dixon and Rimmer (1997) in assuming that the present value inyear t

of investing in a unit of capital in regional industryj,r (PVrl¡) is equal to the post tax rental

rate on that capital in the subsequent year ( P,tî, ), plus the scrap value of the unit of capital

at the end of the subsequent year ( tr1.,,,(t-O;), where IIi*,,¡ is the price per unit of

capital in /+1, and Dl is the depreciation rate), plus the tax advantage available from the

depreciation of the capital ( F,!'Ì'i,;ilnl*uiD j , where F,lTjil is the effective Commonwealth

income tax rate on returns to capital inj,r), all discounted by the tax-adjusted interest ratea8

( R',il"',(f -p,!'Ìi;il), where Rlì"'' is the nominal interest rate in period /), less the cost of

purchasing the capital in the current period (trir ) Hence:

ot Note that depreciation and interest costs are assumed to only be deductable against Commonwealth income

PÍnu = P,lll,,

taxes.
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+ [i*,,i(r - o )* ¡,lIljjln[,.,
PV,l,¡ =

P (e)r
D

1+R _ E(4Xt+l)r (g+l.2t
(E2.6.38)

- 1 (82.6.43)

[tlonr]
(Ð

-il[,,,

Equation (E2'6.38) is converted to an expression for the actual rate of return in year / on

physical capital in regional industryT,r (R[}"-,;) by dividing both sides by tI[,,, :

ffi., +lI[,. (t - o;)+ r,(,'lll;jln¡,.,
(82.6.3e)[[,r¡ * R[ì"'' D(4Xt+l)- r'(g+1,2)j

Static expectations are assumed to govem investors' expectations regarding rates of return.
It is assumed that investors expect no change in the tax rate, and that post-tax rental rates,

and asset prices, will increase by the current rate of consumer price inflationae çp). Hence:

ç.(a)(+l) _ p'(4)(Ð
'19+1,2)j - ¡19+l.2)j (E2.6.40)

(F,2.6.41)

[[,*,,, = nir¡(t*P) (F,2.6.42)

Given these assumptions, investors' static expectation of the actual rate of return on capital
in regional industryj,r, is given by:

(ROR
(r)R

o(9)rr 1t+r¡¡

r
J

1
1

= P¿;l'(t * p)

Pl;)r (r + p)+ n1,,, (t * ¡Xr - D )* r,!'lill rI (t * p)o;R[öo^'; =
I _ ç(aXt)r (g+1,2)jIi,,, 1+R INom]

( r)

or:

ao-Assuming that both post-tax rental rates and asset prices increase by the rate of consumer price inflation
allows for the simplification of Equation (F,2.6.43). A more accuraté representation of static expectations
would have investors' expectations of the change in post-tax rental rates and asset prices based on the
historical rates of change of those variables themselves, rather than the historical rate of change of a general
measure of price inflation such as the CPI.

ll0



THEORETICAL STRUCTURE OFTHE FEDERAL-F MODEL

R[ö*,; =+[ + tI[,r¡ (t - o;)+ r,(,']!'],,n¡,,,o;

+ R[f"'r _ n(aXt)r (s+1,2)j

P
(9)¡

+p
1

1

or:

(RoR)r - 
1(t) j trl,,¡

pl,lÌ' * n[,,, (1 - Dî)* 4Xt)
( r) (82.6.44)

(82.6.4s)

R
Y,l,,

'WhereYi,,,is the static expectation of the real post-tax discount factor, given by

(r * n'ð*u (t - t:'lg, )
+p

Converting (82.6.44) to a rate of change format provides:

(r oon¡,,rv¿,, )*l,i'^', =

þ¿i' oi;ì, * (n i,,, (t - o ; )Þ í,, *(uå'Ì'i!r n i,,,o',\f llli.r, * o i,,,))

- þ,ï' + tr ä,, (t - o ; ) + r,!'lfl,,,n î,,D',/d.,,, + / Y [,,,(r oo I v¿,, )

Making the appropriate notational adjustments, Equation (82.6.45) provides Equation

E del ror se in Section 5 of Appendix A.

2.6.17 Change in the discount factor

In Section 2.6.16 above the static expectation of the discount factor Yi,,, was defined as:

Y[,¡¡ =
(r * nlì*u (r - r,!'Ìi), ) (F'2.6.46)(t*p)

Calculating the change in Y[,, as a function of the change in the nominal interest rate

( AlR,li"' ), change in the rate of inflation ( Äp ), and percentage change in the rate of capital

taxation ( f [!]i,",), provides:
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100^Y¿)j
{ fr-F,!.Ìi},} ooaR$"'r - F,!I],'R

(1+ n5"''6 - )

[Nonr]
(Ð fi:li,,l

(82.6.47)

- 100 (g+
Lþ(t* þ

Making the appropriate notational conversions, this provides Equation E_d_rint_pt_se in
Section 5 of Appendix A.

2.6.18 Change in the nominal rate of interest
Equation (82.6.47) has introduced the rate of change in the nominal pre-tax rate of interest

( AR[il"'' ). Dixon and Rimmer (1997) define the real pre-tax rate of interest as:

(E2.6.48)

Hence the nominal pre-tax rate of interest can be defined as:

R[""u = (t + R[f'"'lNr + ¿)- r (F,2.6.4e)

Converting (82.6.49) to a rate of change format provides:

aR$"'r = (t + R[f"'', )oo * (r + p)an[l*'r (F,2.6.s0)

Making the appropriate notational conversions, this provides Equation E d int in Section 5

of Appendix A.

2.6.19 The change in the rate of inflation
Equation (E2.6.50) requires that the change in the rate of inflation be calculated. The level
of inflation can be defined by the following formula:
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'Where Ef,¡ and Ef,_,, are the levels of the consumer price index at the start of the current

and previous years respectively. Converting (E2.6.5 1) to a rate of change format provides:

_3
. -(r)D=----;--I

*(r-t)

loo^p : #1r",- ä',-,,1
-(/-l)

(E2.6.s1)

(F,2.6.s2)

or:

roolp = (t + þ)16,',, - ä',-,,f (82.6.s3)

'Where 
41,, it the percentage deviation in the level of the consumer price index in year t

from its initial solution for year t, and á]-,, i. the percentage deviation in the lagged value

of the consumer price index in year / from its value in the initial solution for year /' The

variable Ap is the deviation in the rate of inflation in year r from its value in the initial

solution for year t. Making the appropriate notational adjustments to Equation (E2.6'53)

provides Equation E-d-inf in Section 5 of Appendix A.

2.6.20 The percentage change in the lagged rate of inflation

The percentage change in the lagged rate of inflation has been introduced into Equation

(p;2.6.53) above. Dixon and Rimmer note that this variable is essentially an exogenous

variable, however its value can be computed within the model on the basis of certain

database values for the lagged level of the consumer price index. If Éå-r¡ were to be

calculated exogenously in year-on-year simulations, it would be calculated as follows:

(F,2.6.s4)
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Vy'here Eiij,l un¿ aiifr are the base solutions for the CPI at the beginning and at the end

respectively, of the year t-L

In the levels, the change in the level of the cpl in the year t-l (Ei,_,r ) from its base

solution (E¿j3,1) can be expressed as:

Eå_,, - E¿lj,l = þilí, - Eijj,l h' * F,=,1,, (F,2.6.ss)

where, in the solution for year t ei!!1, and Eijfr are parameters which are fixed equal to

the database values for Ei,_,r utrd Fåi respectively. The variables HE3 and F,El,, are

assigned a zeto value in the initial solution for year /, thereby establishing an initial

solution for r which satisfies the requirement that the base solution for Ef,_,, is Eijirl. The

percentage change version of (E2.6.55) is provided by:

El, -,¡ 47, = r oo[eij,'l - E¿ji,] ]*=' + I 00a{=,1, 
r (82.6.s6)

Which is Equation E-cpi-l in Section 5 of Appendix A. By shocking LH=t equal to 1 and

setting Mrf\,, exogenously at zero, Equation (82.6.56) generates a solution for (1,_,

compatible with Equation (82.6.5 4).

2.6.21The composition of investment by regional industry
The total gross fixed capital formation in a given regional industry will be the sum of gross
fixed capital expenditure by both private investors and each of the two levels of
govemment. Equation E1-kap is the percentage change form of this relationship. It
expresses the percentage change in gross fixed capital formation in regional industryT,r
(y-p56¡,,) as the weighted sum of the percentage rates of change in gross fixed capital
formation by private investors (ù_kap,.,), the Commonwealth Government þ,,_cgþ,,), and.

regional government r f¿t-sgþ,). The share weights attached to each of these variables are

simply the share of total investment represented by the investment of each respective
investor type.
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2.6.22 Equations to facilitate the exogenous determination of industry investment in
the historical closure

Equations Ej_sr, Ej_tr, E--þ-p56, E1þt-p56, E-y-t, Eat-nat, E-,þ-nat,

EJdJ_eeqrorjr, EJdl_eeqrorj, and E_tfdJ_eeqrorjr provide a number of options for

the exogenous determination of sectoral investments, both at the national and regional

levels, under the historical closure. The model user essentially has two sets of choices: the

first relating to the choice of sectoral definitions the investments of which will be

determined exogenously; and the second relating to the manner in which industry level

investments adjust to reconcile with the exogenously determined sectoral investments.

V/ith respect to the first set of choices, essentially three definitions of sectoral investment

are available to choose from. The first two recognise 21 sectors for which investment data

are available at the national level. Investment for each of these sectors is defined at the

regional level (by Equation Eat-sr) and at the national level (by Equation Ei_s).
However in practice sectoral investment data for Tasmania is only readily available for 10

sectors. To accommodate these data, Equation E j_tr defines regional investment for each

ofthese broad sectors.

With respect to the second set of choices, the model user is faced with ¡vo options. The

first option broadly follows that used in tr,toNRsu for exogenising national sectoral

investments. This option (hereafter "Option 1") constrains the percentage change in the

investment in each industry within a given investment sector to equal the exogenously

specified percentage change in that sector's aggregate investment. The second option

(hereafter "Option 2") also involves the exogenous specification of sectoral investments,

but allows the distribution of that investment among the industries of which each sector is

comprised to vary in response to differences in expected rates of return. Each of these

approaches is described below.

At the national level, data on gross fixed capital formation are available for 21 sectoral

groups for each year between 1992193 and the 1998199 (See Section 4.4.3). These sectors

correspond to the elements of the set xIND. The variable y_sr,,, (sexINo) defines the

percentage change in gross fixed capital expenditure by sector s in region r. This variable
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is calculated by Equation Ej-sr. For Tasmania, data on gross fixed capital formation
were only readily available for a broad 10 sector classification (See Section 4.4.3). These

sectors correspond to the set INDT. The variable y_tr,,, (rerNor) defines the percentage

change in gross fixed capital expenditure in sector r in region r. This variable is calculated
by Equation E j_tr.

The notation used in both Equation Ej_sr and Ea,t_tr requires further explanation. Since
the basic structure of both equations is the sarne, a description of the notation in Equation
Ea\sr serves to elucidate the notation of both equations. The qualifier on the summation
operator in this equation restricts the operation to those 7 elements of the set rND that are

subsumed within sector s (that is, are elements of the set sNos). Hence the coeffrcient on
the left hand side of Equation E-y-sr represents the base level of gross fixed capital
formation in sector s in region r. With yshift equal to zero, Equation Ea,,_sr can be seen

then to be calculating the percentage change in gross fixed capital formation in sector s in
region r as the share weighted sum of the percentage changes in the gross fixed capital
formation of those industries j, within region r, that are classified within sector s. The
share of region r sector s investment represented by investment by regional industry 7,r
gives the relevant share weights for this equation.

The variable yshift, appearing in both Equation Ej_sr and, Ea,t_tr, allows total investment
as given by the share weighted sum of regional industry investments, y__.,p56¡.,, to diverge
from total investment as given by the share-weighted sum of regional sectoral investments,

!-st,,, and y-tr¡,. As is discussed in more detail below, this variable plays a role in
historical simulations in which both economy-wide real gross fixed capital expenditure
(x2nat) and national sectoral investments (y_s,) are determined exogenously. However,
under the standard comparative static closure of the model, yshtft is exogenous and zero.

under this same closure, the variables y_ó'rr,r and y_tr,,, are both endogenous. These

variables do not exert an influence on the model solution under the comparative static

closnre (only ;,-5¡,,r appears elsewhere in the model, in Equation E_y_s).

The percentage change in economy-wide gross fixed capital formation within sector s is
given by the variable y-s". Equation E-y-s calculates the percentage change in this
variable as the share weighted sum of the percentage changes in gross fixed capital
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formation within regional sectors $_sr,,). The variable y_s, is endogenous under the

comparative static closure. The variable does not appear elsewhere in the model, and so

exerts no influence on the model solution under this closure.

The percentage change in economy-wide gross fixed capital formation within industryT is

given by the variable y_nat,. Equation Elt_nat calculates the percentage change in this

variable as the share weighted sum of the percentage changes in gross fixed capital

formation within regional industries (y-p56t ).

Equations E1þ156, EJÛt156, and E1þ_nat provide the first ("Option 1") of the two

possible links between sectoral investments and industry investments. Equation Elfy-p56

represents the percentage change in regional industry investments (y156,,, ) as the sum

of regional industry specific shift variables (fy156,,,.) and exogenous regional sectoral

specific shift variables (/r_sr,.,). The summation operator ensures that any movements in

fy_tr,,, are transmitted to those elements ofj that are effectively mapped to s via the value

of the single element in each of thej sets lNo,. Each of theseT sets contains a single integer

value from I through to s. Equation E1þt_1t56 has the same form as Equation E1þ-p56,

except that it provides a mapping between regional industry investments (y-p56,., ) and

regional sectoral investments in the set INDT (via movements in fy-tr,,,). Similarly,

Equation E-þ_nat has the same general form as both E_,þ_p56 and E1þt_1t5ó. However

the former equation represents the percentage change in national (rather than regional)

industry investments þt_nat¡) as the sum of national industry-specific shift variables

gy_nat¡) and exogenous national sectoral shift variables (fi_s,). Under the standard short-

run comparative-static closure of the model, the shift variables fy-p56 ¡,,, fut-p56 ì,,, ffid

fy_nat, appearing in Equations E1þ_p56, E1þt1t56, and E_,þ_nat are endogenous.

These variables do not appear elsewhere, and so their endogenous status effectively

removes these three equations from the model.

Equations E_.þ_eeqrorjr, E_¡fdJ_eeqrorjr, and EJd-eeqrorj, provide the second

("Option 2") of the two possible links between sectoral investments and industry

investments. These equations define the regional industry (dJ-eeqrorjr¡,,) and
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national industry (dJ-eeqrori ¡) vertical shifts in regional industry capital supply

functions as the sum of various industry and sectoral shift variables. Under the standard

comparative static closure, fd J _eeqrorjr¡,,, tfd J _eeqrorjr¡,,, and, fd J _eeqrorj,
are endogenous, rendering these three equations inoperative. The operation of these
equations under the historical closure is described below.

In the historical simulations, the variables y_s, are set exogenous, and shocked equal to
the values that they were observed to have attained over the historical period in question

(see Section 4.4.3). The shift variables ;fi_s, (appearing in Equations E1þ_nat and,

EJdl-eeqrorj) are set endogenous to ensure that the values for y1t56,.. in Equation
Ej-sr are compatible with the exogenously determined values for national sectoral
investments. However, before this can be so, either Equation E1þ_nat (Option 1) or
Equation E-,fdJ-eeqrorj (Option 2) must be brought into operation. Option I is

implemented by setting exogenous the shift variables fu_nat,. V/ith industry investments

at the national level ( y-nat ,) now determined by Equatio n E _ fy_nat , , the relationship

between industry rates of return and industry investment given by Equation
E-dJ-eeqrorjr must be broken by setting endogenous the shift variables on the positions

of the industry capital supply functions (dl_eeqrorj ¡). Note that under Option l, with
Equation E1þ-nat operational, the percentage rate of change in the investment of each

national industry (y-nat,) is equal to the percentage rate of change in the aggregate

investment of the sector (-y-s" ) of which it forms a parL. The vertical positions of
individual regional industry capital supply schedules (dl_eeqrorj ,) are determined

endogenously to accommodate this.

An alternative to Option I is to impose identical vertical shifts to the capital supply
functions of all industries within each investment sector, while allowing individual
industry investments to respond to differences in expected rates of return. Option 2, which

allows this, can be implemented by setting.the shift variables fdJ_eeqrorj ,exogenous,
instead of the shift variables fy_nat,. This brings Equation EJdJ_eeqrorj into

operation. With this equation operational, the shift variable.fi_s" provides uniform shifts
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to the vertical positions of the capital supply functions (dJ_eeqrorj ,) of all industries

within a given investment sector in order to accommodate the exogenous setting of y_s,.

This approach allows the industrial composition of sectoral investments to vary while still

allowing for the exogenous determination of sectoral investment. This is my preferred

approach, and is the one implemented in the simulations reported in Chapter 4.

Under either Option 1 or Option 2, with economy-wide real investment effectively

determined by the exogenous determination of regional sectoral investment, there can be

no indexing relationship determining economy-wide investment in operation. Typically,

this will require that the real investment lrcal GNE indexing parameter (r_ir_rgne) be set

endogenous, and the economy-wide shift variable on the capital supply functions

(dl_eeqror) be set exogenous.

Under the foregoing closure, there may be a small divergence between aggregate national

gross fixed capital formation as calculated by the model (x2nat) and that given by the

Australian Bureau of Statistics. This divergence may arise because of small differences

between the model's database and ABS data on industry shares in total investment. To

ensure that aggregate national real gross fixed capital formation is equal to the ABS

estimate for the same, the variable x2nat is set exogenous, and the variable yshft is set

endogenous under the historical closure. The exogenous determination of aggregate

national investment in this way does not introduce any closure-related problems (outside of

Equation Ej_sr), since the positions of all industry capital supply schedules are

endogenous. The variable yshift in Equation Ej_sr then allows the weighted sum of the

model-determined regional industry investments þt156', ) to diverge from the weighted

sum of the sectoral regional industry investments. That is, the variable yshft allows

Equation E_y__t, to continue to function in a situation where aggregate investment as

determined by the exogenously provided sectoral investments diverges from aggregate

investment as determined by the share weighted sum of regional industry investments.

Effectively, yshtft provides a uniform shift to the otherwise exogenous sectoral investments

in order to accommodate the exogenous status of x2nat'

The final set of swaps undertaken in the historical simulation relate to the exogenous

determination of sectoral investments for the region of focus, which in the simulations
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reported in Chapter 4, is Tasmania. The model theory allows for the exogenous
determination, for one regiou, of sectoral investments for sectors in either the set xIND or
the set INot' In practice, data on gross fixed capital formation in Tasmania from the
Australian Bureau of Statistics is available for the elements of rNor (Sec Section 4.4.3).
However, in general, sectoral gross fixed capital formation for one region ( y_sr",, or

!-tr,,, ) is set exogenous by setting endogenous the corresponding elements of either

fy-sr', in Equation E_,þ1t56 (if y_sr', is determined exogenously) or .fy_tr,,, in Equation
E1þt-1t56 (if y-tr,,, is determined exogenously). Then one of either, Equation E1þ_p56 or
EJty_p56 (if option 1 is being implemented) or Equation EJdl_eeqrorjr or
E-tfdJ-eeqrorjr (if Option 2 is being implemented) is brought into operation. Option I
is implemented by setting endogenous the appropriate elements of d1f_eeqrorjr,,, and
setting exogenous the corresponding elements of either fy__p56,, (if y sr",, is determined
exogenously) or fyt156t,, (if y-fr,, is determined exogenously). Option 2 is implemented
by setting endogenous the appropriate elements dl_eeqrorjr,, and setting exogenous the
corresponding elements of fdl_eeqrorjr,,, (if !_st', is determined exogenously) or
tfd l_e e q r o r j r,,, (if y _tr,,, i s determined exo g enous ly).

2.6.23 Demands for source-specific commodities for capital formation
Demands for commodity and source-specific inputs to capital creation in FEDERAL-F are
described by Equations E x2,q and E-x2a. The structure of each of these equations is
based on that of pEoeRRl Equation 11. The reader is referred to Madden (1990) for a
discussion of the derivation cf the basic form of this equation. The key difference between
Equations E-x2,¿ and E x2a and r'¡oeRlt- Equation 11 is the addition of the domestic /
foreign twist terms, and inter-regional twist terms. These terms impart cost-neutral
changes in the technology associated with the assembly of effective units of each
commodity for input to capital creation by each regional industry. A detailed discussion of
the derivation and application of these variables is provided in Section 2.1g.

2.6-24 Technical change in source-specific commodity usage for capital formation
Technical change in the usage of source specific commodities for capital creation,
a2isir,.,r,. is defined by Equation E-a2isjr as the sum of a number of shift variables. First,
the technical change can be expressed as change that is unique to the usage of particular
source-specific commodities by a given regional industry via shifts in the appropriate
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elements of f_a_mat2,,,.,,,. Also, economy-wide and region-specific movements in the

efficiency with which commodity I is used in general operates on commodity using

technical change in capital formation via movements in ai¡ and ais,., respectively.

2.6,25Investment budgets and investment price indices

The ¡Bo¡RnI- model allows the model user to choose between a macroeconomic

environment in which one of either private investment expenditure, or total investment

expenditure, is constrained. In the latter case, govemment investment crowds out private

investment. The equations that facilitate this choice of closure have been retained in

FEDERAL-F. Fnornnl Equation 56 (neonnel-r Equation E_i_wide) equates the percentage

change in economy-wide private investment spending with the weighted-sum of the

percentage rates of change in nominal investment expenditure by regional industries within

the set of endogenous investment industries. The weights are given by the share in

economy-wide private investment spending of investment in endogenous investment

industry7,r. Fpoennl Equation 57 (reonnal-n Equation E_i-priv) equates the percentage

change in the nominal value of private investment spending in region r as the weighted

sum of nominal investment spending in endogenous investment industries within region r'

The share weights are given by the share in total region r private investment expenditure of

investment in endogenous investment industry j. Equation E-i-aust (rEleRAl Equation

58) constrains the share weighted sum of the percentage changes in nominal investment by

the private sector, regional governments, and the Commonwealth govemment, to equal the

percentage change in economy-wide nominal investment expenditure. The weights in this

equation are the shares of the relevant type of investment within each regional industry in

total economy-wide investment.

Equations E_ipi_r (netrner- Equation 75) and E_ipi (reoennl Equation 76) define,

respectively, the percentage rates of change in the regional and national private investment

price indices. Equations E_i_rr (neoennl Equation 62) and E-i-real (neoenel Equation

63) then define, respectively, the percentage rates of change in real regional and real

national private investment budgets by deflating the nominal measures of such by these

price deflators. The percentage rate of change in the real aggregate economy-wide

investment budget is defined in reoeRnl--r by adding Equation E-i-aust-R, which deflates

the nominal aggregate investment budget by the appropriate price deflator.
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2.7 RnctoNAL Govnnm,reNr FmRNCES

2.7.1 Overview

The FEDERAL model distinguishes two levels of govemment: the Commonwealth

Government, operating economy-wide; and regional govemments, whose jurisdiction is

limited to the region in which they are located. This division is maintained in ¡'eoeRlr--n.

Regional governments represent an amalgam of the taxing and spending activities of the

state and local government levels. Table 2.7.I provides a convenient listing of these taxing

and spending powers, as they are summarised within the FEDERAL-F model. As is clear

from this table, FEDERAL-F distinguishes eleven categories of regional government receipt,

and five categories of regional govemment outlay. The equations in Section 6 of
Appendix A describe the determination of the aggregate values for each of these receipts

and outlays, and the rates of tax and levels of real outlays that underpin them. Full
accounting of the year-on-year change in the net asset position of each regional

govemment is also undertaken, with this then linked to the net value of their outstanding

debt. The structure of the equations describing Commonwealth anci regional government

debt accumulation is very similar, and so both sets of equations are dealt with jointly in
Section 2.9 of this chapter.

2.7 .2 Region al government b orrowin g requirements

Equation E_cbLr calculates the change in the nominal public sector borrowing requirement

of region r in the simulation year (cblr,). The form of this equation is unchanged from
that which served the same function in the original FEDERAL model, Equation 124. A
measure of the change in the real value of regional government r's borrowing requirement

is evaluated by Equation E_real_cblr by deflating both revenues and outlays by the

regional government consumption price deflator @Sregr).
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Table 2.7.12 Categories of the regional government accounts

Transaction Møtrix Dímensions

Receipts:

1. Payroll Tax

2. Residential taxes

3. Commercial land taxes

4. Fees, fines, etc

5. Commonwealth payments

6. Commodity taxes

7. Production taxes

8. Other receipts

9. Exogenous foreign receipts

10. Receipts from GBE's

11. Receipts from phantom taxes

Outlays:

1. Current outlays

2. Capital formation

3. Transfers to persons

4. Exogenous foreign outlays

5. Net foreign interest payments

SGRl

SGR2

SGR3

SGR4

SGR5

SGR6

SGRT

SGRs

SGR9

IMV1,r"",¡,,
J

(various)

SGOl

SGO2

SGO3

SGO4

OSIR

2xl
2xL

2xl
2xl
2xl
2xI
2xl

2xl
2xl

2.7.3 Nominal aggregate regional government outlays

Equation E_b|r is the percentage change form of the accounting relationship between

aggregate regional government r outlays, and the individual outlays of which it is the sum.

Aggregate regional government r outlays are the sum of expenditures on: i. current

consumption expenditure; ii. capital expenditure; iii. transfers to persons; iv. net interest on

the government's net debt; and v. residual outlays. The form of this equation is little

changed from ppoeRlr- Equation 1 1 1. The chief differences between the two equations are

that Equation E_b5r now contains explicit treatment of net interest outlays in a manner
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which links them to the cunent stock of regional government r net debt, and the category
ofexogenous foreign outlays has been added.

2.7.4 Nominal aggregate regional government receipts

Equation E-sgrev-tor defines the percentage change in the aggregate receipts of regional
goverÏrment r (sgrev-tot) as the weighted sum of the percentage changes in its component
parts. These component parts are: payroll tax receipts (sgptr); residential land tax receipts
(rltax); commercial land tax receipts (cltax); receipts from household income-reducing
taxes (b34r,); transfers from the Commonwealth Government (b36r,); production tax
receipts (b37r); other regional government receipts (b38r); profits from government

business enterprises (sgbedpi,); residual receipts (r_rcpts); and phantom tax receipts

Qthant-rgov). Equation E-sgrev_tol is little changed from Equation 114 in the FEDERAL

model. The chief differences are that Equation E_sgrev_tot now includes in the total
receipts of regional government r returns from their ownership of physical capital, the
regional government's share of phantom tax receipts, and exogenous foreign receipts.

2.7.5 Payroll tax receipts

Equation 111 in the FEDERAL model calculates the percentage change in regional
govemment r's payroll tax receipts as the weighted sum of the percentage changes in the
payroll tax receipts collected on each skill class in each industry within region r. This
equation is adopted unchangeel in ¡Bn¡nel-F, and is represented by Equation E_sgptr in
Section 6 of Appendix A.

2.7.6 Residential land tax receipts

Residential land tax in both n¡oeneI- and FEDERAL-F is levied on the capital stock of the
Dwellings industry. Equation E-rltax equates the percentage change in residential land tax
receipts to the sum of the percentage changes in the residential land tax rate and the
percentage change in the stock of capital in the Dwellings industry. This treatment is
unchanged from that in the FEDERAL model, as represented by Equation 116 in Madden
(1ee0).
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2.7.7 Commercial land tax receipts

Equation E_cltax defines the percentage change in the commercial land tax receipts of

regional govemment r. This equation is identical to Equation 117 in the ¡BleR¡,1- model.

Like Equation 117, the percentage change in current capital stocks (cap_at_t¡,) appears in

Equation E_cltax as a proxy for the percentage change in the quantity of commercial land.

Hence, the percentage change in commercial land tax receipts for any given regional

industry is equal to the sum of the percentage rates of change in the current capital stock of

that industry and the commercial land tax per unit of that capital. The percentage change

in the commercial land tax receipts of regional government r is equal to the weighted sum

of the percentage changes in the commercial land tax collected from each industry within

its region ofjurisdiction. The share weights are given by the share in the total commercial

land tax collections of regional government r of commercial land tax collections from

regional industryj,r.

2.7.8 Receipts of other income-reducing taxes

Other income reducing taxes cover those regional government revenue sources that either

operate directly to reduce household disposable income or are otherwise not levied on a

base that finds convenient expression as an existing FEDERAL variable. These taxes are

principally composed of fees and fines. Like their treatment in ¡eoeRAI- (Equation 118),

Equation E_b34r inclexes the value of the receipts of such revenue by regional government

r to the nominal gross income of the households of region r. Unlike Equation 118, a

general regional government tax shifter (tax_shiftr,) is appended to Equation E-b34r to

facilitate certain closures of the regional government accounts during forecasting and

policy simulations of the model.

2.7.9 Receipts of Commonwealth grants

FBoSRRI- Equation 119 equates the percentage change in regional government r's receipts

of Commonwealth grants to the percentage change in the Commonwealth's outlays on

such grants to region r. Feoeul Equation 119 is reproduced in nnpBR¡L-r as Equation

E b35r.
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2.7.10 Commodity tax receipts

Equation E-b36r calculates the percentage change in regional government r's total
collections of commodity tax revenue as the weighted sum of the commodity tax

collections on transactions associated with purchasers by current producers, capital
creators, and households. This equation is essentially unchanged from neo¡Rnl Equation
t20.

2.7,11 Production tax receipts

Feo¡ReI- Equation L2I calculates the percentage change in regional government r's
production tax receipts as the weighted sum of the percentage rates of change in the

production tax paid by each industry within its jurisdiction. FeonRnr- Equation 121 is
reproduced in ¡sosRAL-r as Equation E_b37r. The percentage change in the production

tax payable by regional industryj,r is equal to the sum of the percentage rates of change in

both the per-unit production tax faced by the regional industry (spptax ¡,,) and the

"demand" for regional government production tax units by that regional industry

(xsptax ¡,,). The weights in Equation E_b37r represent the share in total production tax

collections of regional government r of production tax collections from regional industry

J,r'

2.7.12 Other regional government receipts

Feo¡RRL Equation I22 indexes the percentage change in regional government r's receipts

of other revenue to the percentage change in the national consumer price index. This
equation is reproduced in ¡eoERAL-F as Equation E b38r. The sole difference between

FeoPRlt- Equation 122 and FEDERAL-F Equation E_b38r is that appended to the latter is
the general regional government tax shifter (tax_shiftr,). This variable facilitates the

establishment of certain closures of the regional government accounts during forecasting

and policy simulations of the model.
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2.7.13 Dividend receipts from regional government business enterprises.

Equation E_sgbedpi calculates the percentage change in regional govemment r's receipts

from its ownership of capital as the weighted sum of the percentage changes in the gross

rentals accruing on the capital in each industry in r. The weights are given by the share of

regional government r's rental receipts from regional industry j,r in the total rental receipts

of regional government r.

2.7.14 Residual regional government receipts

The category of residual regional government receipts has been added to the FEDERAL-F

model to facilitate the tracking of regional government financing requirements. The

database value for these receipts is set in the base-year so that aggregate regional

gove11tment receipts accord with the ABS data on the same. The percentage change in the

foreign currency value of these receipts is defined by Equation E-r-rcpts. This equation

simply defines r_rcpts, as the sum of two shift variables: one ( f-r-rcpts,) which is

unique to this equation, and another (fni_shift ) which also appears (with a reverse sign)

on the equation defining residual regional government outlays (E-res-out). Both of these

shift variables are typically exogenous under the standard comparative static closure of the

model. However, under the historical closure, when cblr is determined exogenously, the

shi ft vari ab le fn i 
-s 

hift is determined endo genous ly'

2.7.15 Current consumption spending by regional government r

In the original FEDERAL model, the demands by regional government r for commodities for

current consumption were treated as exogenous variables. To provide more flexibility in

the closure options available for the regional government accounts during historical and

forecasting simulations, it is convenient in the FEDERAL-F model to determine the

percentage change in regional government current consumption outlays on source-specific

commodities ( x _ sg¡,,,, ) endogenously via Equation E_x_sg, as the sum of the percentage

changes in: a general shifter on regional government r expenditures, (exp-shft, ); a

general shifter on goverrìment r's consumption expenditure, ( f -*-tg,); a govemment-
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wide current consumption shift variable (f _govcon_gen) and. commodity- and source-

specific shift variables, (x_ sgcon,,,,,).

2.7.16 Regional government r capital outlays

Gross fixed capital expenditure by regional governmentr in regional industryj,r in the
FEDERAL model is determined by Equation 60, which specifies an indexing relationship
between such investment and real regional private sector investment. Equation 60 is
omitted from FpopReL-r. Instead, the percentage change in regional government r,s gross

fixed capital formation in regional industry j,r (y_sgk¡,, ), is determined endogenously via

Equation Ei-sgk as the sum of a regional industry specific shift variable on capital

formation by regional government r ( f _,y;gk¡.,); an industry-wide shift variable on real

gross fixed capital expenditure by regional government r (f _sg_invest,.); and a general

shifter on regional government r expenditures (exp_shtft, ).

2.7.17 Transfers to persons by regional government r

In the FEDERAL model, the percentage change in regional government r's nominal outlays
on transfers to persons is defined by Equation II2. This specifies an indexing relationship
befween such outlays and the national consumer price index. Equation 112 remains largely
unchanged in rpoBRqL-F as Equation E_ISI, the sole change being the addition to the

equation of the general regionai govemment r expenditure shift variable (exp_shift, ).

2.7.18 Residual regional government ouflays

The category of residual regional govemment outlays has been added to the FEDERAL-F

model to facilitate the exogenous determination of regional government financing
requirements. The database value for these outlays is set in the base-year so that aggregate
regional govenìment outlays accord with the ABS data on the same. Equation E_res_out
defines the percentage change in the foreign currency value of these outlays. This equation

simply defines res-out, as the sum of two shift variables. The first of thes e ( fres_out,) is

unique to Equation E res out. The second (f"i_shtft,) also appears in Equation
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E_r_rcpts, although with the opposite sign to that with which it appears in Equation

E_res_out The latter shift variable is determined endogenously in historical simulations

of the model, when regional government net financing requirements (cbIr) are determined

exogenously.

2.7.19 Specific and general determination of sales tax rates

The FEDERAL model recognises regional govemment commodity taxes levied on

intermediate input users (Equation 48), capital creators (Equation 49), and households

(Equation 50). These are reproduced in FEDERAL-F as Equations E3-sint and E3;tax.
The terms allowing for ad-valorem treatment of sales taxes in each of these equations

(ts7 _ind¡,,,,,* and /s _hous,,,.,) are exogenous in the standard closure of the FEDERAL

model. Equations E_ts7_ind and E_ts_hous have been added to FEDERAL-F to allow for the

endogenous determination of these sales tax terms. The first of these (salestax,) allows

for uniform shocks to the ad-valorem sales tax rates applying to all, source specific

commodities used within region r. Each equation also has a shift term with the same

dimensions as that equation's sales tax shift term (fß0-ifld¡,,.,,t and fts -hous,,,,, 
in

Equations E _t s 0 
-in 

d and E 
-t 

s 
-hoøs 

resp ectively)'

Under the structural closure the ad-valorem sales tax terms ts} -ind,,,,,,0 and

ts _hous,.,,,are endogenous, and the shift terms salestax,, fts} _iftd¡,,,,.t, ffid

fts _hous,,,,, âro exogenous.

In historical simulations the variables measuring regional goverrlment commodity tax

receipts (b36r,) are set exogenous, and the region-wide ad-valorem sales tax rate shift

terms (salestax,) are set endogenous. These variables then impart uniform shifts to the

rates of sales tax faced by all users on all commodities from all sources.

2.7.20 Regional government r production tax rate

The regional government production tax rate per unit of output (spptax¡,,) is determined

by Equation 87 in the ¡eosRtl- model via an indexing relationship with the regional
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consumer price index. This relationship has been retained in ¡¡oeRnl-r Equation

E-spptax. However to this has been added a regional industry wide shift term ( þrodr,) in
order to facilitate the exogenous determination of the total production tax receipts of
regional government r (b37r,), the general regional government tax rate shift variable

(tax_shift,), and the regional industry specific shift term (fprodrj,¡).

Under the structural closure spptax ¡,, and b37r, are endogenous, and þrodrj ,., , fprodr, ,

and tax-shift, are exogenous. In an historical simulation, b37r, is set exogenous, and the

production taxrate shift variables þrodr, are set endogenous.

2,7.2l Residential and commercial land taxes per unit of current capital

In the FEDERAL model, residential and commercial land taxes paid per unit of current
capital in each regional industry are determined by equations 95 and 96 respectively via an

indexing relationship with the regional industry rental price of capital. These equations
have been retained largely unchanged in ¡¡orReL-¡ as equations Eltres_tax and

Elcom-tax respectively (Section 6 of Appendix A). The chief difference between the
form of these equations is the addition to each in p¡¡eRll-r' of the uniform shift variable
on the rates of all regional government r1s taxes (/ax_shrftr). An industry-wide shifter
(fcom-taxr) on the per-unit commercial land tax payable has also been added to Equation
Eltcom-tax to facilitate the exogenous determination of total receipts of commercial land

taxes by regional government r (cltax,) dunng the historical simulations.

2.7.22 FlexÍble determination of regional government sares taxes

The ¡eoeRel model contains two equations (48 and 50) that allow the model user to
choose whether the per-unit value of regional government sales taxes are to be set in real,
ad-valorem, or specific terms. These equations are retained unchanged in FEDERAL-F.

F¡¡eRll-r' Equation Eg_sint corresponds to FEDERAT- Equation 48, and FeopRel-p
Equation Eg-stax corresponds to FEDERAI Equation 50. The manner of setting the form
of tax is identical in each equation: one of the three coefficients is set equal to 1, with the
remaining two set equal to zero. Setting the first coefficient equal to I corresponds to
maintaining the real value of the per unit tax. Setting the second coefficient equal to 1
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corresponds to establishing an ad-valorem treatment of the tax. Setting the third

coefficient equal to 1 establishes the specific treatment of the per unit tax. The reader is

referred to Madden (1992) for a more detailed discussion of the operation of these

equations.

2.7.23 Regional government r's debt to GRP ratio

In the levels, regional government r's debt to gross regional product (GRP) ratio is given

by:

(F,2.7.1)

is the ratio of regional government r's debt to GRP;

is the foreign currency value of regional government r's debt at the end of the

simulation year;

is the real GRP of region r in the simulation year.

where:

Y,

G(t + 1),

D'

Converting (82.7.l) to a percentagerate of change form yields:

e, = g(t +l), - d' (82.7.2)

Which, upon making the obvious notational translations, is Equation E-debtSrp in

Section 6 of Appendix A.

During some policy simulations, it might be desirable to set p, exogenously. In the

absence of any change to the structure of the model, this would require that some shift

variable on either the expenditure or revenue side of the regional government accounts be

determined endogenously. For example, either a revenue instrument (such as the general

regional government revenue shifter, tax_shift,), or an expenditure instrument (such as the

general regional government expenditure shifter exp-shift,), could be set endogenously.
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To allow for the endogenous determination of both the outlays and expenditure of regional
govemment r, Equations E-tax-shiftr and E_exp_shiftr have been added to FEDERAL-F.

The common shift term on these equations ( n_så ift,) allows for equal percentage rates of
change (although of opposite sign) to be delivered to both aggregate regional government
own-source revenue and aggregate regional government outlays, such that the exogenously
determined debt to GRP ratio is achieved.

2.7.24 Accumulation of regional government debt

The discussion of Equations E_del_debtr, E_debtr_tl and, E net os r in Section 6 of
Appendix A is reserved for Section 2.9 of this chapter.

2.7.25Indexing of regional government real consumption and investment expenditure

Equations E-ifxïreg, E-r-sginv, and Elfr_sginv provide for the option of determining real
regional goverrìment consumption and investment expenditure via indexing relationships
with the measures of regional private outlays on the same. These equations are used in the
forecasting simulations, towards the end of the forecast period, for which forward
estimates of real government outlays are not available (See Section 5.6). The equations
can also be used to determine real regional govenrment outlays in long-run comparative
static simulations.

Equation Ejxîreg allov¡s real regional government consumption expenditure (x¡reg,) to
be indexed to real regional private consumption expenditure. Typically, Equation
E1ft5reg will be rendereC incperative via the endogenous detern-rin ation of fx¡reg. The
equation can be brought into operation by settingfx5r¿g exogenously, and determining the
general shift variable on regional govemment consumption (/ -x_sg) endogenously.

Equation E-r-sginv calculates the percentage change in real investment expenditure by
regional govsnìment r (r_sginv,). This is defined as the share-weighted sum of the
percentage changes in real investment expenditure by regional government r in industry i.
The share weights are given by the share of total regional government investment
accounted for by investment in industry i.
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Equation E,fr_sginv allows real regional government investment expenditure (r_sginv) to

be indexed to real regional private investment expenditure. Typically, Equation

E_,fr_sginv will be rendered inoperative via the endogenous determination ofy'_sginv. The

equation can be brought into operation by determining fr_sginv exogenously, and

determining the general shift variable on regional govemment capital outlays (f-sg-invest)

endogenously.

2 . 8 TnB Colr,tvtot tm,ALTH GovBnNl,tENT FINANCES

2.8.L Overview

FEDERAL-F maintains the distinction established in FEDERAL between the modelling of a

Commonwealth Govemment operating economy-wide and region-specific regional

governments. Table 2.8.1s0 provides a convenient listing of the taxing and spending

activities of the Commonwealth Government, as they are summarised within the reo¡RnI-'

p model. As is clear from this table, FEDERAL-F distinguishes nine categories of

Commonwealth Government receipt, and seven categories of Commonwealth Government

outlay. The equations in Section 7 of Appendix A describe the determination of the

aggregate values for each ofthese receipts and outlays, and the rates oftax and levels of

real outlays that underpin them. Full accounting of the year-on-year change in the net asset

position of the Commonwealth Government is also undertaken, with this then linked to the

net value of their outstanding debt. The structure of the equations describing

Commonwealth and regional government debt accumulation is very similar, and so both

sets of equations are dealt with jointly in Section 2.9.

2.8.2 Commonwealth borrowing requirement

Equation E_cb2 calculates the change in the nominal Commonwealth public sector

borrowing requirement in the simulation year (cb2). The form of this equation is

unchanged from that in the original FEDERAL model, Equation 123. A measure of the

change in the real value of the Commonwealth's borrowing requirement is evaluated by

to Updated from Table 3.1 in Madden (1990)
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Equation E-real-cb2 by deflating both revenues and outlays by the Commonwealth
Government price deflator þ6nat).

Table 2.8.12 Commonwealth Government Accounts

2.8.3 Nominal aggregate Commonwealth government ouflays

Equation E-b6 is a percentage change form of an equation stating the accounting
relationship between aggregate Commonwealth outlays and its individual components.
Aggregate Commonwealth outlays are comprised of: i. current oonsumption spending; ii.
capital expenditure; iii. outlays on unemployment benefits; iv. transfers to regional
governments; v. other transfers to households; vi. net interest on the Commonwealth's net

Dimensions

1. PAYE taxes

2. Other income taxes

3. Impof duties

4. Production taxes

5. Commodity taxes

6. Export taxes

7. Other receipts

8. Receipts from GBE's

9. Receipts from phantom taxes

1. Current outlays

2. Capital formation

3. Unemployment benefits

4. Transfers to regional governments

5. Other transfers to domestic agents

6. Exogenous Commonwealth foreign outlays

7. Net foreign interest payments

ys

CGR5

CGR6

CGR7,

)MV1.r"",,,.
J

(various)

CGOl

CG02

CGO3,

CGO4,

CGO5,

CGO6

OSIF

CGRl

CGR2

CGR3

CGR4

1

I

1 I

1

1

1

1 1

1 1

2x

2x

X

x

2x

2x

X

X

1x1

1x1

1x1

1x1

1xl

1x1
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debt; and vii. exogenous Commonwealth foreign outlays. The form of this Equation is

little changed from Equation 97 in the original ¡poeR¡l- model. The chief difference is

that Equation E_b6 now contains explicit treatment of net interest outlays, with these

outlays being linked to the current stock of Commonwealth foreign debt (See Equation

E_net_os_,fi. The equation also includes an exogenous net foreign outlay item (t64). This

variable is determined endogenously during historical simulations of the model in which

the change in the Commonwealth net financing requirement (cb2) is determined

exogenously.

2.8.4 Nominal aggregate Commonwealth government receipts

Aggregate Commonwealth Government receipts are comprised of: i. PAYE tax receipts; ii.

other income tax receipts; iii. import duties; iv. production tax receipts; v. commodity tax

receipts; vi. net export taxes; vii. other Commonwealth Government receipts; and viii.

dividend receipts from govemment business enterprises. Equation E-b4 is simply the

percentage change form of the accounting relationship between the sum of these individual

components and aggregate Commonwealth Govemment receipts. Equation E-b4 is little

changed from Equation 101 in the original FEDERAL model. The chief differences are that

Equation E_b4 now includes in total Commonwealth Government receipts the returns on

that physical capital which is owned by the Commonwealth Government, and the

Commonwealth's share of phantom tax revenuesl

2.8.5 PAYE tax receipts

Equations E_b41r and E_b41 define the percentage rates of change in the

Commonwealth's collection of PAYE income tax receipts from each region, and

nationally, respectively. These equations are unchanged from the original ¡ppEnnl model

equations 103 and 102 respectively. Equation E_b41r defines the percentage change in

PAYE taxes collected from region r (b41r,) as the weighted sum of the percentage changes

in PAYE taxes collected from labour of each occupational type employed in each industry

in r. Equation E_b4I calculates the percentage change in aggregate PAYE teceipts (b41)

as the weighted sum of the percentage changes in PAYE receipts from each region.

5r See Section2.lT .9
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2.8.6 Other income tax receipts

Equations E b42r and E b42 define the percentage rates of change in the
Commonwealth's collection of other income tax receipts from each region, and nationally,
respectively. These equations are little changed from the original FEDERAL model
equations 105 and 104 respectively. Equation E_b42r calculates the percentage change in
the Commonwealth's collection of other income taxes from region r (ba2) as the weighted
sum of its collections of such taxes from the various owners of both capital and land in
region r. The coefficient BTJ-NC,;,, in Equation E_b42r is the share of income taxes

collected on land and capital rentals in regional industryT,r owned by owner /, in the total
of all such taxes collected in region r. The coefficients BK_INC1;,, and BL_INC1;,. are the
shares in the total other income taxes paid by owner ¡ of the income taxes paid on capital
and land rentals respectively in regional industry j,r. Equation E_b42 defines the
percentage change in economy-wide collections of other income tax (b42) as the weighted
sum of such collections from each region @a2Q .

2.8.7Import duties

Equation E-b43 defines the percentage change in the Commonwealth's collection of
import duties. This equation is unchanged from Equation 106 in the original FEDERAL

model. The percentage change in revenue from import duties is simply the weighted sum
of the percentage changes in the tariff reoeipts on each commodity innport, with the
weights being given by the share of the total duty collected on each commodity in the total
duty collected on all commodities.

2.8.8 Net production tax receipts

Equation E-b44 calculates the percentage change in the Commonwealth's collection of net
production tax receipts. This equation is unchanged from nRoen¡l model Equation 107.

The percentage change in net production tax receipts is given by the weighted sum of the
percentage rates of change in the net production tax payments of each regional industry.
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2.8.9 Commodity tax receipts

Equation E_b45 gives the percentage change in the Commonwealth's collection of net

commodity taxes. This equation is unchanged from rpoeRel- Equation 108. The

percentage change in the Commonwealth's net commodity tax receipts is equal to the

weighted sum of the percentage changes in the individual net commodity tax receipts on

sales of each type of commodity, from each source, to each type of user (other than

goveÍrment users), in each region.

2.8.10 Net export taxes

Equation E_b46 defines the percentage change in the Commonwealth's collection of

export taxes as the weighted sum of the percentage changes in the collection of export

taxes on each individual type of commodity export.

2.8.11 Other Commonwealth Government receipts

Equation E_b47 calculates the percentage rate of change in other Commonwealth receipts

via an indexing relationship to the national consumer price index and a shift variable. This

equation remains unchanged from ¡¡opReI- Equation 110. Equation E_b47R calculates the

real value of other receipts by deflating the nominal value of such receipts by the national

gross domestic product deflator.

2.8.12 Dividend receipts from government business enterprises.

Equation E_cgbedpi calculates the percentage change in the Commonwealth's receipts

from GBE's in region r (cgbedpi,) as the weighted sum of the percentage rates of change

in its capital rental receipts from each industry in region r.

2.8.13 Current consumption spending by the Commonwealth Government

In the original FEDERAL model, Commonwealth government demands for commodities for

current consumption were treated as exogenous variables. To provide more flexibility in

the determination of Commonwealth current consumption outlays in historical and

forecasting simulations, it is convenient in the FEDERAL-F model to determine
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Commonwealth current consumption outlays on source-specific commodities, (x_cg,,")
endogenously via Equation E x_cg, as the sum of general (f _x_cg), source_specific

(f -xr-cg,), government-wide (f-govcon-gen), and commodity- and source-specific

(x _cgcon,,, ) government current consumption shift variables.

2.8.14 Commonwealth Government capital ouflays

Commonwealth Government gross fixed capital expenditure in industry j jn the ReoeRcr-
model is determined by Equation 61, which specifies an indexing relationship between
such investment and real national private sector investment. Equation 61 is omitted from
FEDERAL-F. Instead, the percentage change in Commonwealth Government gross fixed
capital formation in regional industry i,r (y-cgk;,,) is determined endogenously via
Equation Ei-cgk as the sum of a regional industry specific shift variable on
Commonwealth capital formation 1¡j-cgk,.,); a region-specific shift variable on

Commonwealth capital formation (f 1þd_capr,); and, an economy-wide shift variable on
Commonwealth capital formation (f 1þd_cap).

2.8.15 Outlays on unemployment benefits.

In undertaking the historical simulations, dataare typically available from official statistics
on the nominal value of the Commonwealth's outlays on unemployment benefits. So that
this information can be used in the historical simulation, the following equation is added to
FEDERAL-F, defining nominal outlays by the Commonwealth Government on
unemployment benefits :

6G,z) - 5'(6,3) [p(6,3) + 
"(u,r)'] (E2.8.1)

where:

6(o't) '. is nominal outlays on unemployment benefits by the commonwealth;

S,(u''): is the share of unemployment benefits paid to region r residents in total
unemployment benefit outlays ;

p(6'3) '. is unemployment benefits paid per person; and
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*(6'3)r '. is the number of unemployed persons in region r

Making the obvious notational translations to Equation (E2.8.1) provides Equation

E_u_benefit in Section 7 of Appendix A.

In reoBReL, the percentage change in unemployment benefits per person is calculated by

an indexing relationship with the percentage change in the CPI by Equation 94. This

relationship is retained in FEDERAL-F, however to facilitate certain closures during

historical simulations, a shift term that is common to both the unemployment benefit rate

(Equation Elunb) and transfers to persons (Equation E_t62), is added to Equation 94,

producing the following equation:

p(6.3) _ ¡(o.t)6{t) + f(6.3\ + f(6.(3.s)) (F,2.8.2)

where:

¡(o,t) is an indexing parameter fixing the relationship between the national CPI and

the unemployment benefits paid per person;

is the national consumer price index;

is a shift term on the unemployment benefits rate; and

is a shift term common to the unemployment benefit rate and transfers to

persons.

Making the obvious notational translations to Equation (E2.8.2) provides Equation Eltunb
in Section 7 of Appendix A.

Under the structural closure, nominal outlays by the Commonwealth Government on

unemployment benefits, å(ó'3), is endogenous, and the shift term on the unemployment

benefits rate, f rc't), is exogenous. Under the historical closure, þ6't) is set exogenous, and

.f 
(u'') ir set endogenous. The variable 6t0':) ¡r then shocked by the value it is observed to

have attained over the period of the historical simulation.

ø11ì
ç

¡6't)

¡(orr,sr)
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The shift term ¡ko'st) can be employed in the forecasting closure to facilitate the
exogenous determination of Commonwealth outlays on personal benefit payments, a
variable for which goverTrment-supplied forward estimates are often available (see Section
2.8.18).

2.8.16 Commonwealth Government transfers to the states.

The percentage change in Commonwealth transfers to regional governments is defined in
FEDERAL by Equation 98. This equation is reproduced in rpo¡RRL-r as Equation E_t6Ir.
This equation indexes the percentage change in Commonwealth transfers to regional
government r to the percentage change in the national consumer price index. For
simulations conducted after the introduction of the GST, this treatment is replaced by that
given by Equation EJt6l (see Section2.8.26).

2.8.17 Commonwealth Government transfers to persons

Historical data on Commonwealth Government outlays on transfers to individuals are

available from official statistics. So that use can be made of these data in historical
simulations, it is convenient to include the following equation in ¡¡oeR¡r--n, defining the
percentage change in nominal outlays by the Commonwealth Government on transfers to
individuals (other than unemployment benefits) :

66,s) - l.S1u,',r;u,' (E2.8.3)

where:

6(o,s) .. is the percentage change in nominal outlays by the Commonwealth Govemment
on transfers to individuals (other than unemployment benefits);

is the share of transfers (other than unemployment benefits) to individuals in
region r, in total Commonwealth outlays on transfers (other than unemployment
benefits) to individuals; and

is the percentage change in the value of transfers (other than unemployment
benefits) to persons in region r.

,Sr(6's)

t:u,'
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Making the obvious notational translations to Equation (E2.8.3) provides Equation

E_transfers in Section 7 of Appendix A.

Transfers to persons in a region (other than unemployment benefits) /ju)' was defined in

FEDERAL by Equation 99. This equation indexed the percentage change in such transfers to

the percentage change in the national consumer price index. The essential form of this

equation is retained in ¡BoeR¡,L-F, and is expressed by:

t\ur, =¡(o.s)r6G) * f(ø'str + ¡6'st +Jt(6'(3's)) (82.8.4)

'Where:

¡(o,s)r .

tG\ .I

f (u,tr'

f (u,t) 
,

¡(et:,sr)

is an indexing parameter fixing the relationship between Commonwealth transfers

to persons and the national consumer price index;

is the national consumer price index;

is a shift term on the real value of Commonwealth transfers to persons in a region;

is a shift term on the real value of Commonwealth transfers to persons economy-

wide; and

is a shift term on Commonwealth personal benefits payments in general.

Making the obvious notational translations to Equation (E2.8.4) provides Equation E-t62

in Section 7 of Appendix A.

Nominal outlays by the Commonwealth Government on transfers to individuals, å(u't), is

endogenous under the structural closure, and the shift term ¡(6's)r is exogenous. This

closure is reversed under the historical closure. The variable b(ú's) is then shocked by the

value it is observed to have attained over the period of the historical simulation.

The shift term ¡(u<r'sl) can be employed under the forecasting closure to facilitate the

exogenous determination of the Commonwealth's outlays on personal benefit payments of

all types (see Section 2.8.18).
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2.8.18 commonwealth Government ouflays on personal benefits payments

The Commonwealth Govemment prepares forward estimates of revenues and outlays, and
presents these under the Australian Bureau of Statistics' Govemment Finance Statistics
format in the Budget Papers. Some data provided in the Commonwealth Government
forward estimates are too aggregated for input to the model under a forecasting closure of
the Commonwealth accounts that would be similar in structure to that used in the
historical closure. On the outlays side, sufficient detail is provided in Table D1 of Budget
Paper No. I to separately identify current outlays (CGOl), capital outlays (CGO2), and
transfers to State and local governments (CGO4). Table Dl contains forward estimates for
the expenditure item 'þersonal benefit payments". This category subsumes the FEDERAL

Government Account categories CGO5 - Transfers to persons, and CGO3 - Unemployment
benefits' Interest payments (CGO6) are determined endogenously in the forecasting
simulation on the basis of the stock of outstanding debt.

Commonwealth Govemment nominal outlays on personal benefit payments is defined in
FEDERAL-F by adding the following equation to the model:

ålrtlr, = ,S,(rt;]]f t'':t +,S,(r!5r]at6'st (E2.8.5)

Where:

b[:1,

6(o,t) .

6(ø,s) .

så1iì

sl.'.11'

is the percentage change in Commonwealth Government nominal outlays on

personal benefit payments;

is the percentage change in Commonwealth Government nominal outlays on
unemployment benefit payments;

is the percentage change in Commonwealth Government nominal outlays on
transfers to persons;

is the share of unemployment benefit payments in total Commonwealth personal

benef,rt payments; and

is the share of transfers to persons in total Commonwealth personal benefit

payments.
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Making the obvious notational translations to the above equation provides Equation

E_pbp_nom in Section 7 of Appendix A.

Commonwealth Government real outlays on personal benefit payments are calculated by

Equation E_ltbp_real in Section 7 of Appendix A by deflating nominal personal benefit

outlays by the GDP deflator.

2.8.19 General and specific determination of Commonwealth Government rates of
taxation and other revenues

In the FEDERAL model, the rates of the various Commonwealth Government taxes, and the

real values of other revenues, are treated as exogenous variables. More flexibility in the

determination of these variables is required in some applications of the FEDERAL-F model,

particularly under some forecasting and policy simulations. In particular, under a closure

in which both the outlays of the Commonwealth Govemment and its borrowing

requirement are determined exogenously, it is useful to be able to determine the percentage

change in all revenue instruments endogenously via movements in a cornmon endogenous

shift variable. To facilitate such a closure, Equations 82.8.6 to 82.8.12 (Equations

E;þaye through to EJ47 in Section 7 of Appendix A) were added to the model. These

equations allow for the endogenous determination of income taxes, import duties,

production taxes, sales taxes on industry purchases, sales taxes on household purchases,

export taxes, and other receipts respectively. These equations are set out below.

The endogenous determination of PAYE taxes in FEDERAL-F is facilitated by the addition

of the following equation to the model:

f,'|11,, = f,')11r, + f (4) + f,\o-)u, (F,2.8.6)

where

is the percentage change in the shift variable for PAYE taxes per unit of

labour;

t'(t)z
J G+t,t)
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r'(l)2+
J 1g+t,t¡

f(o),

is the percentage change in the variable allowing switching between the

general and specific determination of pAyE taxes;

is the percentage change in the general Commonwealth Government revenue

shift term; and

is the percentage change in the shift term on revenues from all '.taxes, fees, and

fines".

is the percentage change in the term allowing for ad-valorem treatment of
import duties;

is the percentage change in the shift variable for determining the average

rate of import duty;

is the percentage change in the variable allowing for switching between the

general and specific determination of import duties;

is the percentage change in the general commonwealth Government

revenue shift term; and

is the percentage change in the shift term on revenues from all ,,taxes, fees,

and fines".

r (a)
J t-r¿'

t(tz,o)

Making the obvious notational translations, Equation (E2.S.6) is Equation E1þaye in
Section 7 of Appendix A.

The endogenous determination of commodity-specific import duties in rpoeRel-F is
facilitated by the addition of the following equation to the model:

{iz,o) : f,i,r,o¡ + f,: + f ,0, * f,\!L, (82.8.7)

where:

f,;

f ,i,,,,,

f (ot

rØ)
J rr-o)'

Making the obvious notational translations, Equation (E2.8.7) is Equation E_t3 in Section
7 of Appendix A.
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The endogenous determination of Commonwealth net production tax rates in ¡eopR¡I--¡ is

facilitated by the addition of the following equation to the model:

.fll'.',,, = f ,'lI\.,, + f,'ì'.,\," + f (4) + f ,\!\¡ (E2.8.8)

where:

r(l)
J (s+3,i) is the percentage change in the shift variable for changing the real

component of Commonwealth government net production tax rates by

industry;

is the percentage change in the shift variable determining the average rate of

production tax across industries.

is the percentage change in the variable that facilitates switching between

general and specific determination of production taxes.

is the percentage change in the general Commonwealth Government

revenue shift term; and

is the percentage change in the shift term on revenues from all "taxes, fees,

and fines".

f (o¡

Making the obvious notational translations, Equation (E2.8.8) is Equation E_,þrodj in

Section 7 of Appendix A.

The endogenous determination of Commonwealth sales tax rates on intermediate inputs in

FEDERAL-F is facilitated by the addition of the following equation to the model:

t(iz) = f,i,r¡ + f,, * f'o' + f<\!Lt (E2.8.e)

where:

tG)
J ,r-ril'

ú2) is the percentage change in the term allowing for ad-valorem treatment of

Commonwealth government sales taxes on industry purchases;

is the percentage change in the general shift variable on Commonwealth

commodity tax rates;

f,;
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f ,i,,t is the percentage change in a variable allowing for switching between the

general and the specific determination of Commonwealth government sales

taxes on industry purchases;

is the percentage change in the general commonwealth Government

revenue shift term; and

is the percentage change in the shift term on revenues from all "taxes, fees,

and fines".

is the percentage change in the term allowing for ad-valorem treatment of
Commonwealth taxes on household purchases;

is the percentage change in the variable which facilitates the switching

between the general and the specific determination of household sales tax

rates;

is the percentage change in the general shift variable on commodity tax

rates;

is the percentage change in the general commonwealth Govemment

revenue shift term; and

is the percentage change in the shift term on revenues from all "taxes, fees,

and fines".

Making the obvious notational translations, Equation (E2.8.9) is Equation E_tc7_ind in
Section 7 of Appendix A.

The endogenous determination of Commonwealth sales tax rates on purchases by
households in rsopRAL-¡ is facilitated by the addition of the following equation to the

model:

t(is,zz) = .f,i,,,rrt + f ,; + f 'o' + -f,\o_L, (E2.8.10)

where:

t(ts,zz):

f 'o'

¡ (4\
J (-ø\'

l,1i,.rr¡

J,,:

.f 'o'

r (4')
J l.r-øl
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Making the obvious notational translations, Equation (E2.8.10) is Equation E_tc_hous in

Section 7 of Appendix A.

The endogenous determination of Commonwealth export tax rates in FEDERAL-F is

facilitated by the addition of the following equation to the model:

t(tr,4)= f ,i0., t f,o t f to' * fr\o-L, (E2.8.11)

where:

tþr,4):

fi,,

.f,o:

.f 
(o' 

,

is the percentage change in the term allowing for ad-valorem treatment of

export taxes;

is the percentage change in the variable that facilitates switching between

the general and the specific determination of export tax rates;

is the percentage change in the uniform shift variable on ad valorem export

tax rates;

is the percentage change in the general Commonwealth Government

revenue shift term; and

is the percentage change in the shift term on revenues from all "taxes' fees,

and fines".

Making the obvious notational translations, Equation (E2.8.11) is Equation E-t4 in Section

7 of Appendix A.

The endogenous determination of real other Commonwealth receipts in FEDERAL-F is

facilitated by the addition of the following equation to the model:

f ,'ro-'u,

where:

¡{+,t\ ..

f(o'') =furo,r+f(4) (F.2.8.r2)

is the percentage change in the Shift variable on the real component of other

Commonwealth Govemment receiPts ;
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fon.r,

¡{+t

is the percentage change in the variable that facilitates switching between

the general and the specific determination of other commonwealth
Government receipts; and

is the percentage change in the general commonwealth Government

revenue shift term.

Making the obvious notational translations, Equation (E2.8.12) is Equation EJ47 in
Section 7 of Appendix A.

2.8.20 Commonwealth revenue from ,rtaxes, fees, and fines"

The Commonwealth Government prepares forward estimates of revenues and outlays, and
presents these under the Australian Bureau of Statistics' Government Finance Statistics
format in the Commonwealth Budget Papers. As already discussed in Section 2.g.lg
above, the detail provided in these statistics can be too aggregated to allow for the use of a
forecasting closure of the commonwealth accounts that is similar in structure to that used
during the historical simulations. On the revenue side, forward estimates are provided with
sufficient detail to separately identify the revenue item "Taxes, fees and fines,'. This
covers the rplnRRL Commonwealth account categories CGR1 through to CGR6.

Commonwealth real tax revenue from "Taxes, fees, and fines" can be determined
exogenously in the forecasting simulation, and a general shifter common to the equations
determining rates of PAYE taxes, other income taxes, import duties, production taxes,
commodity taxes, and export taxes, can then be determined endogenously.

The Commonwealth Government revenue from "Taxes, fees and fines" is calculated by
Equation (E2.8.13):

bt,ol", = I s¡,1;1¡,''',
6

(2.8.13)

where
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ø[],:

sl,':lì'

is the percentage change in Commonwealth Govemment revenue from

taxes, fees, and fines;

is the share of "taxes, fees, and fines" revenue type t in total revenue from

"taxes, fees, and fines"; and

is the percentage change in Commonwealth Government "taxes, fees, and

fines" revenue of type r.

6(t.r)

Making the obvious notational translations, Equation (E2.8.13) is Equation E_bI-6 in

Section 7 of Appendix A.

Commonwealth Government real receipts from "taxes, fees and fines" are defined by

Equation E_bl _6n, which deflates the nominal receipts by the GDP deflator.

2.8.21Rates of other Commonwealth income taxes

"Other income taxes" consist of income taxes on capital and land rentals. Nominal

Commonwealth Government receipts from other income taxes (å(o'') ) is endogenous in the

standard closure of the model. Commonwealth income taxes per unit of capital and land

are determined by FEDERAL Equations 90 and 9152. Both a common shift variable (d!o],,.¡ )

and the general Commonwealth Government revenue shift term (f 'o') have been added to

both these equations in neonR¡.1--r, providing:

p[IY,,r, = h[!L.,t 
i P[]I,',, + f l!l',.,,, * f {!l'.'¡ + f <\o-'u,

(82.8.r4)

p[IY,.r, = hl!L,,t i PÍ]I,,,i + ft!1,r, + fl!l'.. * f ,\o-'u,
(82.8.1s)

Which, upon making the obvious notational translations, are Equations E_p_kaptax and

E 1 _l andtax respectively.

52 See Madden(1990) p.S9
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The variabl" "fl!ìt,, is set endogenous in the historical simulation. This variable then
provides equal percentage rates of change to the per unit income tax paid on both capital
and land rentals, while aggregate Commonwealth Government Other Income Tax receipts
(6{+'zt) is determined exogenously and shocked equal to its observed value over the

historical period under investigation. The variable fr\lLt is a shift term common to the

rates of all Commonwealth taxes. This variable facilitates the exogenous determination of
commonwealth "taxes, fees and f,rnes" in the forecasting closure.

2.8.22 Flexibte handling of the per-unit rates of various Commonwealth Government
taxes

The ¡BonRAr model contained equations that allowed the model user to choose whether
various per-unit Commonwealth taxes would be set in real, ad valorem, or specific terms.
These equations are retained unchanged in FEDERAL-F. Hence, Equation E3_tar
conesponds to FEDERAL Equation 39; Equation E3_extax corresponds to FEDERAL

Equation 41; Equation E3-cinl corresponds to FEDERAL Equation 49; and, Equation
E3-ctax corresponds to FEDERAT- Equation 51. The manner of establishing the form of
the tax is identical in each equation: one of the three coefficients is set equal to l, with the
remaining two set equal to zero. Setting the first coefficient equal to 1 corresponds to
maintaining the real value of the per unit tax. Setting the second coefficient equal to 1

corresponds to establishing an ad valorem treatment of the tax. Setting the third coefficient
equal to I establishes the specific treatment of the per unit tax. The reader is referred to
Madden (1992) for a more detailed discussion of the operation of these equations.

2.8.23 Commonwealth Government production tax rate

Equation E-cpptax corresponds to FEDERAI- Equation 88. This equation indexes the value
of the per unit production tax on regional industry/r's output to the regional consumer
price index, in addition to allowing for real movements in the value of the per unit tax via
shifts in theJþrodj¡.

2.8.24 Commonwealth debt to GDp ratio

In the levels, the Commonwealth Government debt to GDp ratio is given by
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YF

'Where:

YF

G(t + 1),

(E2.8.16)

D

Ratio of Commonwealth debt to GDP;

Foreign currency value of Commonwealth debt at the end of the simulation

period; and

Real GDP.

Converting (E2.8.16) to a percentagerate of change form yields:

er=gQ+I)o-d (E,2.8.r7)

Which, upon making the obvious notational translations, is Equation E_debtSdp in

Section 7 of Appendix A.

2.8.25 Accumulation of Commonwealth Government debt

The discussion of Equations E_del_debtF, E_debtF_tl and E_net_osJ in Section 7 of

Appendix A is reserved for Section 2.9 of this chapter.

2.8.26Indexing of Commonwealth grants to Commonwealth consumption tax
collections.

The introduction of the goods and services tax by the Commonwealth Government

provided for the state govemments receiving all the revenue from this tax as of 1 July 2000

(Treasurer of the Commonwealth of Australia 1998). The way this is handled in the

forecast simulations discussed in Chapter 5 is to first adjust the level of inter-governmental

transfers with the introduction of the GST in 2000107, and then in future periods index the

percentage change in Commonwealth transfers to the states to changes in Commonwealth

consumption tax collections.
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Equation E-cw3tax calculates the percentage change in Commonwealth consumption tax
collections (cw3tax) as the share-weighted sum of the percentage changes in
Commonwealth consumption tax collections on source-specific commodities consumed in
each region. Equation EJftíI provides for the percentage change in Commonwealth
transfers to regional government r (t6t) to be indexed to the percentage change in
Commonwealth consumption tax collections (cw3tax). In the standard short-run
comparative static closure, Equation EJftíl is rendered inoperative via the endogenous

determination of ft61. However in the forecasts undertaken in Chapter 5 for the period
200I/02 onwards, this equation is brought into operation by determinin grt6l exogenously,

and determining endogenously the shift vaiablef64r inEquation E_t6lr. The equation is
also operational in the deviation or policy simulations reported in Chapter 6.

2.9 TTrB AccuI¡ruLATIoN oF RBcToNer AND Coun¿oNwEALTH

Govnnxl,rENT DEBT

2.9.1 Introduction

The r¡oeRqL model's theoretical structure embodies detailed treatment of the taxing and

spending powers of the two tiers of government. The inclusion of government debt
accumulation relationships is a natural extension of this side of the model. Given that in
some jurisdictions a major regional government outlay - interest payments - is a function of
the level of debt, a proper treatment of government finances in the model must recognise
that the public sector borrowing iequirement in the base year data for any given simulation
may not be zero.

A second reason for including debt accumulation relationships in the model is that the level
of government debt, particularly that of regional governments, is considered to be an

important policy target by a number of regional governments. This is particularly the case

in those State jurisdictions that were exposed to the collapse of government owned or
guaranteed financial institutions in the late eighties and early nineties.

From the perspective of using the model to analyse the consequences of regional and

Commonwealth government policy, the second of the above two reasons is the more
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important. Hence, in modelling the accumulation of regional and Commonwealth

govemment debt, the main concem is to both account for changes in the stock of debt, and

model the impact of such changes on the level of government interest payments. That is,

the focus is on the regional and Commonwealth govemment accounts. The question of
who holds the debt is simplified by assuming that changes in the level of regional

goveÍrment and Commonwealth net indebtedness are accommodated by changes in the

level ofnet debt held by foreigners.

2.9.2 Regional and Commonwealth Govern ment Debt

2.9.2.1 The level of regional and Commonwealth Government debt at the beginning of
the sìmulation year

The database values for the level of regional and Commonwealth government debt pertain

to the coÍrmencement of the database year. The database values for expenditures and

revenues, and therefore the level of the public sector borrowing requirement (PSBR), relate

to the duration of the database year.

Hence we can write, in the levels, Equation (F'2.9.1) and Equation (82.9.2) to describe,

respectively, the level of regional and Commonwealth government net debt at the

commencement of period r. The variable G(t), is the foreign currency value of net foreign

debt held by govemment g at the commencement of period t, and PSBRs (t) is the foreign

currency value of the PSBR of government g during period l.

G(t). = G(t - 1), + PSBR, (t - Ð
G(t)F = G(t - 1)' + PSBRF (t - 1)

(Ez.e.r)

(F,z.e.2)

The initial solution for year / net foreign debt is the value of year r-1 net foreign debt:

G(t). = G(t -l).
G(t)F =G(t-1),
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Which is equivalent to stating that PSBR,(t-1)=0 and pSBRF(t-1)=0 in the initial
solution. A convenient expression for Equations (E29.l) and (Fj2.9.2) is then:

Where Q: -1 in the control solution, thus establishing G(Ðr:G(t-l), as the initial

solution for G(t)r.

Converting Equations (82.9.3) and (82.9.4) to a rate of change form provides:

G(t¡, = G(t - 1), + PSBR,(t - 1) + PSBR,(t - 1)e,

G(t)F = G(t - 1), + PSBR(t - 1), + PSBR(t - 1)o eo

^G(t), 
= PSBR(t - l). AQ,

AG(t), : PSBR(t - 1)o AQo

G(t + 1). = G(t), + PSBR, (t)

G(t + 1). = G(t)o + PSBR. (t)

(F,2.e.3)

(82.e.4)

(E2.e.s)

(F,2.e.6)

(82.e.7)

(82.e.8)

When the model is simulated, the Q variables are shocked by 1, thereby establishing the
accumulation relationships given by (82.9.1) and (82.9.2). Making the obvious notational
translations, Equations (E2.9.5) and (82.9.6) provide Equations E_det_debrr (Section 6 of
Appendix A) and E_del_deblF (Section 7 of Appendix A) respectively.

2-9-2.2 The level of regional and Commonwealth Government debt øt the end of the
simuløtion year

The levels of regional and Commonwealth Government debt at the end of the simulation
yeaÍ are given by Equations (82.9.7) and (82.9.8) respectively:

The control solutions for G(t+1),and G(t+1)o are set equal to the levels of debt of the

respective governments at the commencement of the simulation period, that is, G(t), and,

G(t)o respectively. Hence the control solution for Equations (E2.9.1), (¡;2.g.2), (82.9.7)

and (E2.9.8) is:
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G(t + 1), = G(t - 1), + PSBR. (t - 1)

G(t + 1), = G(t - 1)o + PSBR, (t - 1)

G(t), =G(t-1),
G(t)F =G(t-1)F

PSBR.(t)=PSBR,(t-1)

PSBRF (t) : PSBR' (t - 1)

Substituting these values into (E2.9.7) and (E2.9.8), we find that they are legitimate

elements of the control solution for the model.

I do not calculate within FEDERAL-F a variable that explicitly measures the percentage

change in the foreign currency value of govemment borrowings. Hence, before converting

Equations (F,2.9.7) and (E2.9.8) to a percentage rate of change form, it is convenient to

rewrite them as follows:

G(t + 1). : G(t), + PSBR(t). /O

G(t + 1)o = G(t)r + PSBR(t)o /O

(Ez.e.e)

(E2.e.10)

(F,2.9.1,r)

WhereP,SB,R(r), is now the domestic curuency value of the government g's borrowing

requirement in period L Linearising Equations (E2.9.9) and (2.9.10) and solving for the

percentage rate of change in G(t + 1), gives:

g(t +l), = +ÐAG(

APSBR(t)

q

100

G(t - 1), <Þ + PSBR(, - 1),

PSBR(t - 1)8

r

G(t-1)rO+PSBR(I-1),
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Making the obvious notational translations, Equation (E2.9.ID provides Equation
E-debn'-t( and Equation E debtF 11 in Appendix A, Sections 6 and 7 respectively.

2.9.3 Regional and Commonwealth Government outlays related to outstanding debt

Changes in regional government and Commonwealth Government net outlays on interest
payments to foreign holders of their debt are a function of changes in the size of the
outstanding net foreign debt. The foreign currency value of the net interest paid by each
government on its net foreign debt can be calculated as follows:

T,o' : G(t), E,

Tro' = G(t)F EF

(82.e.12)

(82.e.13)

(82.e.14)

(F'2.e.r5)

T

To*

E

Where:

EF

Foreign currency value of the net interest payments made by regional
government r on its net foreign debt

Foreign currency value of the net interest payments made by the Federal

government on its net foreign debt

Average interest rate paid by regional government r on its net foreign debt

Average interest rate paid by the Commonwealth Government on its net foreign

debt.

Converting equations (F,2.9.12) and (E2.9.13) to percentage change form, and noting that

G(t - 1), is the base solution for G(t) yields (82.9.14) and (E2.9.15):

t:.,, =^c(Ð,[dï]."'

tf,,=aG(t).[.fft1.".

Making the obvious notational translations to Equations (E2.9.14) and (E2.9.15) provides
Equations E-net-os-r and E-net_osJinAppendix A, Sections 6 and 7 respectively.
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The percentage change in the rate of interest paid by both levels of government is treated

as an exogenous variable. This variable can be shocked to reflect changes in the average

interest rate faced by either level of government. The calculation of such shocks would be

based on information about the maturation profile of each government's stock of net

foreign debt, expected increments to that debt, and the expected future levels of interest

rates.

2.I0 FoRBIcN EXPoRT DEMANDS

FEDERAL allows for two treatments of commodity export demands. The first specifies

foreign demands for Australian commodity i, regardless of source (reonnel Equation 24).

Australian commodity i is then assumed to be a CES composite of commodity i sourced

from each of the domestic supplying regions (reorner- Equation 25). The second

treatment specifies region-specific foreign export demands for each commodity (nEonnel

Equation 27) (Madden 1990: 35-36).

It is the second treatment that is developed in ¡po¡Rnl--r. Hence there are no equations

corresponding to FEDERAL Equations 24 and 25 in FEDERAL-F. Four sets of equations

determine commodity export demands in FEDERAL-F: E-xr-expT, E xr-expr't1,

E_.xr_expw2, and E_xr_expx. These four equations together distinguish three separate

categories of export commodities ("traditional", "non-traditional", and "exogenous"

exports), and two separate treatments for one of those categories ("non -traditional"

exports).

Distinguishing the two categories of "traditional" and "non-traditional" exports follows a

similar approach to that in the MoNASH model53. In the main, traditional exports are

comprised mostly of agricultural and mining exports, and non-traditional exports are

comprised mostly of manufacturing and service exports. The set of exogenous export

commodities is comprised of those commodities that are assumed not to be responsive to

changes in their foreign currency export prices.

t' I1¡ONASH also identihes a set of tourism export commodities: air transport, entertainment and leisure,

restaurants and hotels, and personal services. Like the treatment of NtReo, demands for tourism
commodities move as a block in response to changes in the aggregate foreign export price index for tourism
exports.
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Equation E .rr-expr defines export demands for traditional export commodities. Like
FEDERAL Equation 27, it is the linearisation of a constant-elasticity export demand
function. The two quantity shift terms: f-eq24t_ir¡,, and feqSeneralr, facrlitate the
exogenous determination of traditional export and aggregate export volumes respectively
in both the historical and forecasting closures. In historical and forecasting simulations of
the model, the volumes for regional traditional commodity exports (xr_exp¡,,ierneo) will
typically be determined exogenously, with the corresponding elements of f_eq24t_ir¡.,
being endogenous. The quantity shift variablefeqSeneralr, appears on the right hand side
of each of the export demand equations. While it is endogenous in the standard
comparative-static short-run closure (See Equation E__.,þqgeneralr) it is itself the sum of
shift variables that are exogenous under this closure, and so this variable exerts no
influence on the positions of individual commodity export demand functions under the
comparative-static short-run closure.

Equations E xr-expNL and E-xr-exptt2 allow for altemative treatments for the
determination of non-traditional export volumes. With the variables f_eq24n_ir¡,,
exogenous, equation E-xr-expn1 allows for the volume of exports of non-traditional
export commodity i from region r to be determined by its own foreign cuffency export
price. However, a practical problem 'with this approach arises from the fact that export
volumes for many of these commodities comprise a relatively small share of their total
output. It is possible that the actual cost structures of those firms within each non-
traciitional export inciustry who are themselves significant exporters, differ markedly from
the cost structure of the industry as a whole. Under these circumstances, changes in the
cost conditions for any single non-traditional export industry will be a relatively poor
proxy for changes in the cost conditions for those firms that are actually significant
exporters within that industry (Dixon and Rimmer 1999a). Hence, following the approach
in lr¡oNRsg, rather than allow the volume of exports for each non-traditional export
commodity to be determined by its own foreign curency export price, an alternative is to
have their volumes moving as a single block in response to changes in the aggregate
foreign currency price index for non-traditional export commodities. This is the purpose of
Equation E .xr-expN2. Equation E-xr-exptt2 is made operational by setting exogenous the
variables f-ntrad¡,, (ieNrnlo, r€REG) and setting endogenous the variables f_eq24n_ir¡.,
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(ie NrRRo, reRrc). Note that the price index for aggregate non-traditional exports carries

a regional subscript. Equation E xintrad calculates the percentage change in the regional

foreign-currency price index for non-traditional exports (xi_ntrad,) as a share-weighted

sum of the percentage changes in the foreign currency prices of the individual non-

traditional exports from region r. While it might be considered inappropriate for individual

regional industry cost conditions to be determining export volumes for individual non-

traditional export commodities, because of the possibility that the cost conditions for the

export-oriented firms within each non-traditional export industry are quite different from

those of the industry as a whole, it is nonetheless reasonable to expect that regional cost

conditions will have a bearing on the costs of these export firms.

Equation E_xr_expx calculates the percentage change in the volume of individual

exogenous export commodities from region r. The percentage change in the volume of
exogenous export commodities is simply the sum of a commodity and region specific shift

term (f_xfordem¡,,) and the regional export demand shifter, (feqSeneralr).

Equation E,þqgeneralr translates economy-wide export demand shifts into region-

specific export demand shifts. In historical and forecasting simulations of the model, the

aggregate national volume of exports (x4nat) can be determined exogenously by setting

endogenous the uniforrn economy-wide shift variable feqgeneral. This then provides

identical horizontal shifts to the positions of all export demand functions in all regions.

Alternatively, any r of the aggregate volume of national exports (x4nat) and the aggregate

volumes of the r regional exports (x4reg) can be determined exogenously by setting

endogenous the shift variables ffeqgeneralr,. Regardless of which option is chosen, the

shift variables that ultimately operate on the individual export demand equations

(þqgeneralr,) have a regional dimension. This is useful in simulations under the

structural and policy closures, since it enables the separate identification of the impacts of
the regional export demand shifts on the outcomes for individual regions.
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2.1 1 MenGIN DEMANDS

The modelling of margins in FEDERAL-F follows that of its parent model, FEDERAL. In the
abscnce of technical change, margins are assumed to be required in fixed proportions with
the underlying commodity flow that they are facilitating. Equations E_xmarl through to
E-xmar6 in Section 9 of Appendix A correspond with FEDERAT- Equations 28 - 32. Given
the assumption of a fixed proportions requirement for margin usage on each transaction,

these equations define the percentage change in the usage of margin type u on each

transaction to be equal to the percentage change in the commodity flow that is being
facilitated.

The "a" terms on the right hand side of equations E_xmarl through to E_xmaró allow for
technical change in the usage of margins. A positive (negative) value for these terms
indicates a rise (fall) in the quantity of margin services required for each unit of the
underlying transaction that is facilitated by the margin service. These technical change

terms are defined by Equations E_almar through to E_a6mar. Each of these equations has

the same general form. In each case, the percentage change in margin service required per
unit transacted is the sum of the percentage changes in three types of shift variable. In
each equation, the f,rrst of these shift variables is specific to the margin in question (for
example,falmaru,Lia,t in Equation E_almar). The second two are common to each of the
margin technical change equations, and also appear elsewhere in the model. These are the
commodity-specific technical change terms (øi,) and the commodity and region-specific
technical change terms (ais,.,). The former operate economy wide to implement technical
change in the usage of commodity r.r across all users, while the latter operate only in region
r to implement technical change in the usage of z. Clearly, by including these technical
change terms in these equation, I allow commodity ø specific technical change to affect
both margin and non-margin requirements for commodity a.
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2.12 MrscnrrANEous EquarIoNs

3.12.1Overview

This section covers a number of important equations that cannot be conveniently

summarised within other sections of this chapter. The first set of equations includes an

equation for facilitating the exogenous determination of foreign currency import prices,

equations defining a measure of the real exchange rate, and equations defining a number of

national variables pertaining to imports and exports at the commodity level. The second

set of equations defines various ratios of macroeconomic variables. These equations are

important in establishing different macroeconomic closures for the model. A third set of

equations in this section define the user prices of labour by occupation and regional

industry, in addition to the post-tax wages and tax components of which they are

comprised. Both nominal and real regional pre-tax wages are also defined. Two sets of

equations deal with utility pricing, allowing for the implementation of a "CPI-X" rule. A

final set of equations calculate various measures which facilitate the interpretation of

results from the model. These include equations which summarise key industry and

commodity level results into a broad 12 sector categorisation; equations which decompose

changes in household gross income and net taxes into the contributing changes in their

component parts; and equations which decompose changes in industry outputs among the

various changes in the demands by the users of those outputs.

2.12,2 Commodity import prices

Equation E_pmp defines the percentage change in the foreign culrency prices of individual

commodity imports as the sum of the percentage changes in general (flmp) and

commodity-specific (f_p*p,) shift variables. This equation facilitates the exogenous

determination of individual commodity import prices under most closures of the model. In

conjunction with Equation E_pMnat_,þ, this equation is useful for facilitating the

exogenous determination of irnport prices under the historical and forecasting closures of

the model. Equation ElMnat_1þ calculates the foreign cunency value of the national c.i.f

import price index (pMnatJc) by converting the domestic currency equivalent QtMnat) at

the current exchange rate (x_rate).

161



CHAPTER 2

Under the historical closure, movements in the general foreign cunency price index are
modelled by determining pMnatlþ exogenously and setting the shift variable f_pmp
endogenous. Movements in individual commodity import prices relative to the national
inclex are then determined by shocking those elements of f_pmp_i¡ for which extraneous
historical data are available.

2.12.3 The real exchange rate

A common definition for the real exchange rate (Q['ì"") in Australian CGE studies is the

ratio of the domestic currency value of the GDP deflator (PjA) to the domestic cunency

value of the foreign GDP deflator (Pjc"E*o^.). While this is a useful index of the real

exchange rate for the majority of simulations, in some simulations it fails to provide the
proper sign to explain movements in the real balance of trade. In particular, some shocks
to the model that are directed at industries producing goods that primarily are either
exported or compete with imports, can be associated with an apparent appreciation

(depreciation) of the real exchange rate index defined bV Q[?^. , and a decrease (increase)

in the real balance of trade surplus. This result arises because the price impact of the shock
is expressed as a significant change in the prices of traded goods relative to the GDp
deflator. Since it is the relative prices of domestic and foreign traded goods that determine
movements in the real balance of trade in the model, it is useful to define an index for the
real exchange rate that explicitly takes account of such price movements. Hence, an

alternative measure of the real exchange rate is also defined in r¡¡¡Rcr--n (e[iì^.) as the

ratio of the domestic currencyprice of tradeables (Pf^) to the domestic cuffencyprice of
the foreign tradeable goods price index (pï" 

" Ero^.) (claasen 1996).

A proxy for the foreign curency price index for foreign tradeable goods ( pit ) can be
provided by an existing variable in the model: the foreign currency import price index
(pMnatlþ). However, a new valiable must be created to represent the domestic tradeables
price index. This price index must reflect the domestic costs of producing both exportables
and import substitutes. Following Claasen (1996), I define the domestic tradeable goods

price index as PfA = Pi* P,i" , where P" is the domestic curïency price of exportables, p,
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is the domestic currency price of importables, o" is the domestic weight of exportables in

total traded goods, and o" is the domestic weight of importables in total traded goods.

An equation describing the domestic currency export price index (E_p4nat) already exists

in neoeRAl--n. However, a new equation describing the P" index must be added to the

model. This index must have two properties. First, it must express the domestic costs of
producing import competing goods. Second, as a proxy for the domestic cost of producing

aggregate imports, it must reflect the commodity composition of total imports. Defining

P" as fl,fJ,P,1:¡"1('\ ,where P,(f) is the basic price of commodity i produced in region r,

and a[(,] is the ex-duty share of imports of i into region r in total imports into the country,

satisfies both these requirements.

Choosing the apprópriate values for ox and û,M provides a number of practical

difficulties. Industries in r'¡oeRAL-F do not readily divide into those only producing

exportables, and those only producing importables. Rather, most commodities record

some volume of exports, and the output of most industries is subject to some level of

import competition. To implement an equation defining efo in FEDERAL-F, I set a* as the

value share of exports in total trade, and o, as the value share of imports in total trade. In

practice, given that the balance of trade is a relatively small proportion of total trade, this

translates to giving approximately equal weight to movements in P" and P* in the

determination of PfA.

Equations EltMdom, E_p_tg, and E_xrate_r in Section 10 of Appendix A, define the

percentage change expressions for P" , Pfo, and Q['],0" respectively.

2.12.4 Economy wide commodity export volumes and prices

Equations E;x_exp and Ep_exp define, respectively, the percentage changes in both

national export volumes and foreign currency export prices for commodity i. Equation

E_x_exp calculates the percentage change in the national volume of exports of commodity

i as the weighted sum of the percentage changes in the volume of exports of the

163



CHAPTER 2

commodity from each region. Equation E1t-exp corresponds to FEDERAT- Equation 26,
and calculates the percentage change in the foreign currency price of commodity l,
economy-wide, as the weighted average of the percentage change in the export price of the
commodity from each region.

2.12.5 Demand for imported commodity t

Equation 69 of the ¡norRll model calculates the percentage change in total domestic
usage of imported commodity l. This is reproduced in ¡Eo¡RaL-n as Equation E_x_imp.
The percentage change in national demand for imported commodity ; is defined as the
weighted sum of the percentage changes in the demand for that commodity both nation-
wide by the Commonwealth Government, and in each region by intermediate users, capital
creators, households, and regional governments. Following their treatment in FEDERAL,

imports are not used as margins in ¡¡opRel-F, and so this type of usage does not appear on
the right hand side of Equation E_x_imp.

2.12.6 Regional imports of commodity d

Equation E-ximp-r defines the percentage change in the volume of imports of commodity
i into region r (ximp-r¡,). The coefficient on the left hand side of this equation is the base
value of the c'i.f value of commodity imports of i into region r (the coefficient TARF¡ is
the share of the c.i.f value of each commodity import in its duty-inclusive value). The
coefficients on the right hand side of the equation are the base values of the c.i.f imports of
i into r by each type of user. Hence, Equatiorr E_ximp_r calculates ximp_r¡,, as the
weighted sum of the percentage changes in imports of commodity i by each type of user
within rcoinn t

2.12.7 Equations to facilitate changes in macroeconomic closure

The closure options for a selection of macroeconomic variables under both the standard
comparative static and structural closures are summarised in Table 2.I2.L The first
column portrays a standard macroeconomic closure used in comparative static simulations.
This closure is characteristic of a typical macroeconomic closure of the FEDERAL model. A
standard macroeconomic closure for the peoEReI- model features endogenous private
absorption (with real private investment indexed to real private consumption), exogenous
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real consumption and capital expenditure by all levels of government, and an endogenous

balance of trade. In Equation E_omega, this requiresfinv_com to be exogenous.

The structural closure (column 2) requires a number of swaps in the endogenous /

exogenous status of the variables summarised in Table 2.12.1. These swaps institute a

macroeconomic closure in ¡'ropRAL-F that is very similar to that of the MoNASH model

structural closure. A number of equations from the voNnsu model that facilitate the

establishment of the structural closure have thus been incorporated into ¡eoBRRI--r'.

The first step in establishing the structural closure is to break the link between real national

private consumption spending and household disposable income through the endogenous

determination of the economy-wide average propensity to consume (f_eq19). Instead, the

percentage change in real national consumption spending is indexed to the percentage

change in real gross national expenditure via the exogenous determination of the ratio of

real consumption to real GNE (r_cr_rgne). This variable is defined by Equation

E_r_cr_rgr¿e. Second, the link between real economy-wide private investment expenditure

and real consumption is broken via the endogenous determination ol finv_com. Instead,

real aggregate investment expenditure is indexed to real GNE via the exogenous

determination of the ratio of real investment to real GNE (r_cr_rgne). This variable is

defined by Equation E_r_ir_rgne.

The final swap sets the change in the ratio of the domestic currency balance of trade to

GDP ratio exogenously, and determines endogenously real government consumption

spending. To allow this, Equation E_del_btgdp defines the change in the ratio of the

domestic currency balance of trade to GDP. This equation is a linearized version of the

ratio of the balance of trade to GDP. This linearised version expresses both the BOT/GDP

ratio and the balance of trade as rate of change variables, while expressing nominal GDP as

a percentage change variable. The change in the domestic currency balance of trade

(del_B) is defined by Equation E_del_B, as the weighted difference between the

percentage changes in the Australian dollar values of foreign exports and imports. The

weights are given by the base values of each, divided by 100.
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Table 2-12-l: Macroeconomic closure of FnoBRlI. and Fplrul-F: Selected variables
Variabie Description FEDERAL

Comparative
Static Closure

(1)

Fso¡n¡,1-F
Stn¡ctural
Closure

(2)
finv_com
r_cr_rgne
r_rr_rgne

f_eq I 9
del_btgdp
fSovconSen

Ratio of real private investment to real consumpion
Ratio of real consumption to real GNE
Ratio of real investment to real GNE

Economy-wide APC
Balance of trade to GDP ratio
Real economy-wide government consumption

X
N
N

X
N
X

N
X
X

N
X
N

2.12.8 Wages by occupation and regional industry

Equation E-plab colresponds to FEDERAL model Equation 81. Both equations define the
percentage change in the gross labour cost faced by regional industry j,r lor labour of
occupational type m Qtlab^¡,,) as the weighted sum of the labour cost components of which
the gross labour cost is comprised. These cost components are the post tax wage

þostwage,,¿.,), PAYE tax Qtayeo,¡.,) and payroll tax Qt_rolt^¡,). The weights on the right
hand side of Equation Ellab represent the share in the gross labour cost of each of these
component costs.

Equation 82 in the ¡'eoBnel model indexes post tax wages Qtostwage^;,,) to either the
regional or national CPI. Equation Eltrewage in RetBRql--R has the same structure as

FEDERAL Equation 82, but indexes pre-PAYE tax wages (rather than post-pAyE tax
wages) to either the nationai or regional CPL This is a more accurate representation of
wage determination in Australia. The possible introduction of such an equation to replace
Equation 82 is rjiscussed in Ìv{aci<ien (i990). The stanciard implementation of Equation
Eltrewage has HWlRmj,r set equal to zero and HlWl¡n; set equal to l, thereby indexing
pre-tax wages for each occupational class in each industry in each region to the national
CPI' Employment, at any level of aggregation, can be determined exogenously by setting
endogenous the appropriate real pre-tax wage shifter on the right hand side of Equation
E_prewage.

Equations Eltaye and E1t_rol/ correspond to FEDERAL Equations 84 and 85. These
equations link, respectively, PAYE taxes and payroll taxes per labour unit to the nominal
pre-PAYE tax wage per labour unit. Equation E_postwage corresponds to FEDERAL
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Equation 86. This equation defines the percentage change in the pre-PAYE/post-payroll-

tax wage as a weighted-sum of the percentage changes in post-tax wages and PAYE taxes

per labour unit.

2.12.9 Regional nominal and real pre-tax wages

Equation E_prewage_nr calc'slates the percentage change in the regional nominal pre-tax

(but post payroll tax) wage Qtrewage_nr) as the weighted sum of the percentage changes

in occupation and industry specific pre-tax wages of region r Qtrewage^¡,). Equation

Eltrewage_rr calculates the percentage change in the real (national CPI discounted) pre-

taxwage for region r Qtrewage-rr).

2.12.10 Output pricing for utility industries

During historical simulations of the model (covering the 1990's), the regional utility

industries are found to experience significant productivity improvements. In the absence

of some intervention into the model, this translates into significant reductions in the basic

prices of their outputs. This can lead to either significant reductions in the purchasers'

prices for these goods (for intermediate users) or significant increases in the phantom taxes

on these goods (for households)sa. Most of the firms in these industries began the 1990's

as government agencies. Even by the end of the decade, while many were corporatised

and privatised, significant areas of their activities remained subject to price regulation.

The wholesale electricity market in the south-east of Australia in the mid to late 90's may

be one of the few segments of the national utility market where the competitive assumption

is a realistic way of modelling prices. Hence, Equations Ejþ_utility and E_prod_n_util

have been added to the model. These equations allow the usual assumption of price

determination via perfect competition to be over-ridden for the utility industries.

Equation Elp_utility allows a "CPI minus X" rule to govern the setting of basic prices for

utility commodities. This also effectively determines the percentage rates of change in

purchasers' prices (in the absence of changes in phantom taxes), since the rates of normal

sales taxation on utility purchases are negligible. In the standard comparative static

'o Since household purchaser's prices for these commodities are determined exogenously
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closure, Equation E1þ-utility is rendered inoperative via the endogenous determination of
fp-utiiity¡,,. The equation is brought into operation by setting fp_utitity¡,, (i eurllrrv)
exogenous' and determining endogenously the corresponding elements of fprod.rj¡.,
f eurtr,rrv). Alone, this closure links regional utility prices to the regional CpI. The
coefhcient X-UTE, has a value equal to the "X" component of the pricing formula. It is
then brought into effect by shocking del_x, equal to l.

Equation Eltrod-n-util calculates the percentage change in the receipts of production
taxes from industries other than utilities. This equation facilitates the exogenous
determination of regional government production tax receipts under closures in which
Eiþ-utility is operational. In this case, it is no longer appropriate to exogenously specify
aggregate regional production taxes (b37r,) since the calculation of this variable includes
the production tax revenue accruing on the output of utility industries. This production tax
revenue is really a proxy for super-normal profits accruing to the regional government
owners of capital in the utility industries. Hence it is not appropriate for the production tax
revenues from these industries to be included in the measure of production tax revenue that
is determined exogenously. Inste ad, prod-n_util, is determined exogenously, and shocked
equal to the observed value for the percentage change in aggregate regional production tax
receipts. Setting this variable exogenously (rather than b37r) has very little impact on the
results, since the starting values for production taxes on the utility industries represent a

small share of aggregate regional production taxes.

2.l2.ll Summary results for a 12-sector categorisation

î'L^ :--1^-^^-^L^L: ^,- -ci ne lmpiemenfation oi FEDERAi-F discusse<i in Chapters 3 - 6 f'êatures 37 industries /
commodities in two regions. While this is smaller than some previous implementations of
the r'¡l¡RRL model55, and hence likely future implementations of the FEDERAL-F model, it
is nevertheless a sufficiently high number to add complexity to the task of interpreting,
summarising and presenting the commodity and industry level results of the model.
Hence, to facilitate the interpretation of results, eight sets of equations.are added to the
model, which aggregate the commodity and industry level results into a broad l2-sector

55 For example, Giesecke, Madden and Pant (1993) implement a two region 104 sector version featuring
Western Australia as the region of focus. Giesecke (2000) implementsi three region 50 sector version
featuring Tasmania and Victoria as the regions of focus.
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aggregation. Despite this aggregation, as will be seen in Chapter 4, the classification

system nevertheless retains sufficient detail to allow the user to identify the major

mechanisms influencing the industry level results. This is so because movements in

variables pertaining to these sectors are typically readily understandable by reference to

major mechanisms in the model. The twelve sectors are:

1. Agriculture

2. Mining

3. Manufacturing

4. Utilities

5. Construction

6. Margins

7. Communications

8. Finance

9. Ownership of Dwellings

1 0. Public Administration

11. Community Services

I 2. Entertainment and Recreation

Equations E_emp_I2 through to E_l<stj_I2 thencalculate the following variables:

i. Percentage changes in sectoral employments (emp _12,,,) are defined by Equation

E_emp_I2 as the (wage bill) share-weighted sum of the percentage changes in

industry employments within each sector.

ll Percentage changes in sectoral value added (zact_12,,,) are defined by Equation

E_zact_I2 as the (value added) share-weighted sum of the percentage changes in

industry activity levels within each sector.

iii. Percentage changes in sectoral production costs ( costs_12,.,) are defined by Equation

E_costst_l2 as the (sales revenue) share-weighted sum of the percentage changes in

commodity basic prices within each sector.
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IV

v

vu

vr11.

Percentage changes in sectoral export volumes (exp_12,.,) are defined by Equation

E-exp-[2 as the (export value) share-weighted sum of the percentage changes in
commodity export volumes within each sector.

Percentage changes in household consumption by sector (hous _l2,.,) are defined by

Equation E-hous-12 as the (household purchaser's-value) share-weighted sum of the
percentage changes in household consumption by commodity within each sector.

Percentage changes in gross fixed capital formation by sector (invest _12,.,) are

defined by Equation E-invest-I2 as the (investment value) share-weighted sum of the
percentage changes in industry investments within each sector.

Percentage changes in sectoral foreign currency expof prices (prexp_12,,,) are

defined by Equation Eltrexp-L2 as the (export value) share-weighted sum of the
percentage changes in commodity export prices within each sector.

Percentage changes in sectoral capital stocks (l{stj _12,.,) arc defined by Equation

E-lßti-L2 as the (capital value) share-weighted sum of the percentage changes in
industry capital stocks within each sector.

2.12.12 Decomposition of changes in the household budget constraint

Regional household consumption expenditure is by far the largest component of regional
domestic absorption, and so changes in this variable exert an important influence on the
model results. Real household consumption expenditure is determined by real household
disposable income, which in turn is determined by 14 types of gross incomes, taxes, and
transfers56. Section 2.5 contains a detailed discussion of the determination of real
household disposable income. Since real consumption plays an important role in
influencing the results of the model, and because the determination of real consumption is
itself complex, it is useful to add equations to the model to facilitate the interpretation of
changes in the household income accounts. This is the purpose of Equations ESinc_wage

tu Many of which can in turn be decomposed further to distinguish industry and source (for capital receipts)
and even commodity, use, and source (for phantom tax receipts).
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through to E_dtax_Sl. While it may appear that these equations add a certain degree of
redundancy to the model, they nevertheless prove very useful in facilitating a more rapid

understanding of the origins of changes in household consumption. Use is made of these

equations in the discussions of results presented in Chapters 4, 5 and 6.

Equations Eginc_wage through to ESinc_xnfi calcl'lJate the contribution (in percentage

points) of each of the six broad components of gross income, to the percentage point

change in total gross income. In essence, these six equations divide the RHS of Equation

ESinc into its component parts. For example, we can write a stylised version of ESinc as

ihi (F,2.t2.1)

Where g, is the percentage change in household r's gross income, Si is the share of gross

income type t in the total gross income of household r, and hi is the percentage change in

receipts of gross income type t by household r. It can be seen then that each of Equations

ESinc_wage through to ESinc-xnfihas the general form:

(F,2.12.2)

'Where gi is the contribution (in percentage point terms) of the percentage change in gross

income type t, to the total percentage change in household gross income.

Equations E_dincainc and E_dinc_dtax, and Equations E_dtax_kapføx through to

E_dtax_tïl have the same underlying form and serve the same function as Equation

(82.12.2) above. Equations E_dincainc and E_dinc_dtax divide the percentage change in

household disposable income into the individual contributions of the percentage changes in

household nominal gross income (Equation E_dincainc) and net direct taxes (Equation

E_dinc_dtax). Similarly, Equations E_dtax_kaptax ttrough to E_dtax_tîl divide the

percentage change in net household direct taxes into the individual contributions of the

percentage changes in its component parts.

^S

6Ioó

si : Sihi
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2.12.13 Decomposition of changes in industry and sectoral outputs

Changes in the prospects for individual industries are determined by changes in the
demand for their output, in addition to changes in their costs of production. When
interpreting the industry and commodity level results, and investigating the causes of the
change in the activity level of a given industry, it is often useful to consider how changes
in the pattem of demand for the industry's output have contributed to the total change in
the industry's activity level. Since the current implementation of FEDERAL-F features
unique product industries, this is simply a matter of dividing the RHS of Equations
E-p-basicMtn and E1t-basicwM,tn into appropriate parts. This is the purpose of
Equations E-dzactl through to E_dzact7m. These equations divide the total percentage

change in an industry's output into the individual contributions to that percentage change
of:

t

ii.

iii.
iv.

v.

vi.

vii.

purchases by intermediate input users in each region (Equation E_dzactl)
purchases by capital creators in each region (Equation E_dzact2)

purchases by households in each region (Equation E_dzact3)

purchases by foreigners (Equation E_dzact4)

purchases by regional governments in each region (Equation E_dzact|)
purchases by the commonwealth Government (Equation E_dzacte; and.

purchases for use as a margin service (Equation E_dzactT).

Each of these equations has the same general form. If we were to write a stylised version
of Equations E1_basicMAR and E_p_basicuutn as:

8l =lsi,"x',,, (F,2.r2.3)
t=l

where øj is the percentage change in activity of industry j in region r, S j," is the share of

the output of industryj in region r sold to uscr type a, arrd x'¡.n is the percentage change in
the demand for the output of j in region r by user type a; then each of the Equations
E_dzactl through to E_dzactTmhas the general form:
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l"' = s'r,n*',,oq (F,2.12.4)

where Q',@) is the percentage point contribution to the total percentage change in the output

of regional industryj,r, of changes in the demand for its ouþut by user type a.

Finally, to further assist in the task of interpreting the industry and sectoral results, a

second set of equations (Equations E_dzactl_12 to E_dzact7_l2) have been added to the

model. These aggregate the industry level results produced by Equations E_dzactl

through to E_dzact7m into the l2-sector classification discussed in Section 2.12.11.

Hence, these equations allow the model user to divide the total percentage change in a

given sector's output into the individual contributions to that change of the movements in

its sales to each ofthe seven user types.

2.12.14 Labour market adjustment

In deviation simulations FEDERAL-I allows the level of employment to depart only

temporarily from its base-case value. Eventually, changes in economy-wide labour

demand are fully reflected in changes in the real wage, with aggregate emplo¡rment

returning to its base-case value. This allows the labour market to exhibit a transition

period of sticky wages and endogenous employment, but with the eventual attainment of

the long-run position of flexible wages and exogenous aggregate employment. The

mechanism that imposes this labour market adjustment is identical to that used in the

MoNASH model (Dixon and Rimmer 1999a). MoNnsu assumes that in policy/deviation

simulations, the deviation in the real wage rate from its base value increases in proportion

to the deviation in aggregate employment from its base value. The strength of the

relationship between the deviation in the real wage and the deviation in aggregate

employment is set so that, after about five years, the employment effects of a shock are

almost fully realised as changes in the real \ryage. The tr¿oNnsu labour market adjustment

mechanism, as it is introduced into nsoBRAL-F57 , can be expressed algebraically as:

tt The original MoNASH equation upon which Equation 2.12.5 is based also includes a term allowing for
long-run changes in the aggregate supply of labour. This term is omitted from Equatio¡2.12.5.
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(F,2.12.s)

Where W, is the real pre-tax wage in period /, E, is economy-wide employment in period

t, and the superscripts [Dev] and [Base] designate the value of the variables in the
deviation / policy simulation, and the base historical / forecast run, respectively. The
parameter a is assigned the value 0.6, which is sufficient to return employment to very
near its base level after about five years. Linearising (82.12.5) provides:

tË-1)=tw-')."[Ë-')

Ët t evt -,r.'seJ)=.[#)roo*"Ët"t ev] - 
"!nose])

{ffi):[w-#)"^"

(82.t2.6)

Since the first term on the RHS of (82.12.6) is the change in the ratio of the lagged values
for the real wage, it is convenient to calculate this using the relevant coefficient values
from the database post-multiplied by a homotopy variable as follows:

(E2.12.7)

Where AH is shocked equal to 1 during the policy / deviation simulations. Substituting
(82-12.7) into (F,2.12.6) and making the obvious notational translations provides Equation
E-delJ-wage-c in Section 10 of Appendix A. Under the comparative static closure,
Equation E-dell-wage-c is rendered inoperative via the endogenous determination of
delfwage-c. In the deviation simulation, Equaticn E_detl_wüge_c is brought into
operation by setting delJ-wage-c exogenous and determining the shift variable on the real
pre-tax consumer wage (fpr") endogenously. The variables real_wage_c_o and
emp-w-wgts-o are determined exogenously. In each year of the deviation simulation
real-wage-c-o is shocked equal to the value originally attained by r_prewage in the base
historical / forecast simulation. Similarly, in each year of the deviation simulation
emp-w-wgfs-o is shocked equal to the value originally attained by l_emp in the base
historical / forecast simulation. The real economy-wide consumer pre-tax wage
(rlrewage) is defined by Equation E_r_prewage as the wage bill weighted-sum of the
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percentage changes in the real pre-tax wages of each occupational type in each regional

industry.

2.12.15 Regional shares in national GDP

Equation ESrp_sh calculates the percentage change in regional shares in national GDP.

This equation is used in Chapter 6, in which a policy simulation is undertaken which

examines the feasibility of state government action to hold constant Tasmania's share of

national GDP.

2. 1 3 RnCIONAL ACCOI.TNTS

2.13.1 Introduction

The equations in Section 11 of Appendix A provide detailed accounting of regional level

macroeconomic aggregates. A convenient summary of the major elements of the regional

accounts that are defined in pnteReI--r is provided by Table 2.13.I. Aggregate regional

consumption and investment are calculated from the commodity accounts side. This is in

addition to the calculations of these variables from the investment budget and household

expenditure budget side of the model. Both real and nominal gross regional product at

market prices are calculated. These calculations are undertaken from both the income

(GRP(I)) and expenditure (GRP(E)) sides. Three definitions of both real and nominal

gross regional product at factor cost GRP(FC) are also calculated. These definitions are: i.

GRP(E) less indirect taxes; ii. the income approach; and, iii. the production approach.

What might at first appear to be redundant calculations (ie. the evaluation of gross regional

product from both the income and expenditure sides, and the evaluation of three definitions

for gross regional product at factor cost) actually form an important part of the process of

validating the computer implementation of the model. Any deviations in the results for

consumption and investment as given by the household expenditure constraints and

investment budgets and as given by the commodity accounts side; any deviation between

GRP(I) and GRP(E); and any deviations in the results for the three definitions of GRP(FC),

will all indicate a problem with the implementation of the model.
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2.13.2 Gross regional product at market prices - expenditure side

Equations E-r3rpe and E-ngrpe calculate indices of real and nominal gross regional
product from the expenditure side (GRP(E)). Both equations have the familiar form of
expressing gross product at market prices as the sum of final expenditures less imports.
The only complicating factor at the regional level is the need to also account for inter-
regional net exports in addition to international net exports. The percentage change in the
constant price measure of gross regional product (r3rpe) is given by Equation E_r3rpe
as the weighted sum of the percentage changes in the constant price measures of the
components of GRP(E). Similarly, the current price measure of GRP(E) is given by
Equation E-n3rpe, as the weighted sum of the percentage changes in the current price
measures of the components of GRP(E). Equation ESsp_defcalculates the gross regional
product price deflator (gsp-def) as the weighted sum of the price deflators for each of the
components of GRP(E). For each of these equations the relevant share weights are given
by the shares of the value of the components of gross regional product (regional
consumption, investment, consumption by two levels of govemment, exports (both inter-
regional and international), and imports (both inter-regional and international)) in the gross

regional product at market prices of region r.

2.13.3 Gross regional product at market prices - income side

Equation E-ngrpi calculates the percentage change in nominal gross regional product at

market prices from the income side (ngrpi.) as the share weighted sum of the movements
in the components of GRP(I) - broadly: wages, gross profits, land rentals, state and
Commonwealth production taxes, other cost tickets, and various indirect taxes including
phantom taxes. Equation E-r3rpi calculates real gross regional product at market prices
from the income side by deflating the nominal estimate for GRP(I) by the gross regional
product deflator (gsp-defl A direct estimate of real gross regional product at market
prices from the income side is not calculated, since it is not possible to construct a price
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Table 2.l3.lz Major Categories of the FEDERAL-F regional accounts

Variable Description
Real

Variable Name
Nominal Price Index

Gross regional product (market prices) - expenditure approach r-ßrper
Gross regional product (market prices) - income approach r3rpi,*

Gross regional product (factor cost) - market prices less indirect tax r3rpfcl,*
Gross regional product (factor cost) - income approach r3rpfc2,
Gross regional product (factor cost) - production approach r3rpfc3,

n_grper
n_ßrprr

gsp_def,
n.a.

nSrpfcl, n.a.
n3rpfc2, p3rpfc2,
n3rpfc3,* n.a.

Gross fixed capital formation
Household consumption
Foreign exports
Regional government consumption
Commonwealth Government consumption
Interstate exports
Interstate imports
Foreign imports

x2reg,.
x3reg,
x4reg,
x5reg,
x6reg,
x tsxr
x_tsmr
xMreg,

n2reg,
n3reg,
n4reg,
n5reg,
n6reg,
n_tsxl
n_tsmr
nMreg,

p2reg,
p3reg,
p4reg,
p5reg,
p6reg,
p _tsx r
p_rsmr
pMreg,

n.a. cannot
* This variable cannot be calculated directly. However an estimate is defined for comparative purposes by combining lesults across
different GRP defi nitions.

deflator for every component of GRP(|. For this reason the Australian Bureau of

Statistics also calculate their constant price estimates of gross product at market prices

from the income side by deflating their current price estimate for the same by the implicit

price deflator for gross product from the expenditure side. This is the approach underlying

Equation E_r3rpi.

2.13.4 Gross regional product at factor cost

Three definitions of gross regional product at factor cost are calculated. As discussed in

Section 2.13.1, confirming after each simulation that the results for these three definitions

are identical forms an important part of validating the computer implementation of the

model. The first of the three approaches deducts indirect taxes from gross regional product

at market prices (Equations E_nSrpfcl and E_rgrpfcl). The second method uses the

income approach (Equations E_n3rpfc2 and E_r3rpfc2). The third method uses the

production approach (Equations E_ngrpfc3 and E_r3rpfc3). The equations

implementing each of these approaches are discussed in turn below.

Equation E_ngrpfcl is the percentage change form of the expression for nominal gross

regional product at factor cost as GRP(E) less indirect taxes. A real measure of gross
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regional product at factor cost cannot be calculated using this approach because it is not
possible to caiculate a deflator for indirect taxes. Instead, a real estimate for this first
definition of GRP(FC) is calculated by deflating the nominal estimate by the deflator for
gross regional product at factor cost calculated by Equation E13rpfc2. This equation
calculates the percentage change in the region-wide price of value-added for region r
(p3rpfc2,) as the share weighted sum of the percentage changes in the effective prices of
the components of value-added in the region. Equation E_rSrpfcl then calculates
r3rpfcl, as the difference between nSrpfcl, and pgrpfc2,.

Equations E-rgrpfc2 and E-ngrpfc2 calculate gross regional product at factor cost using
the income approach. Equation E-rgrpfc2 calculates the percentage change in real
GRP(FC) for region r as the share weighted sum of the percentage changes in the effective
units of primary factors (including other costs) used within region r. Equation E_ngrpfc2
calculates the percentage change in nominal GRP(FC) for region r as the share weighted
sum of the percentage changes in the gross primary factor incomes (including other costs)
used within region r.

Equations E-r3rpfc3 and E-ngrpfc3 calculate gross regional product at factor cost using
the production approach. Equation E-rgrpfc3 calculates the percentage change in real
gross regional product at factor cost for region r as the value-added weighted sum of the
percentage changes in the output of the industries located within region r. The calculation
of nominal gross regional product at factor cost based on the production approach
(Equation E-nSrpfcJ) is undertaken by inflating the real estimate (r3rpfc3)by the index
for the price of value added within region r (p3rpfc2).

2.13.5 Real regional gross fixed capital expenditure

Equation E-x2reg calculates the percentage change in real region r gross fixed capital
expenditure (x2reg,) as the share weighted sum of the percentage changes in the usage of
effeotivess units of source specific commodities by industries in region r.for use in capital
formation. The relevant shares are those of the purchaser's value of source-specific

58 "Effective" in the sense that it includes the augmenting or deteriorating effects on the productivity of these
inputs of shifts i¡ the productivity variables a_in2 ¡,, and a2isjr,,,,,., .
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commodities used by individual industries in region r (PV2¡,,;,, ) in total gross fixed capital

expenditure in region , (LII PV2i,,,j., ).
rsJ

2.13.6 Real regional household consumption

Equation E_x3reg calculates the percentage change in real household consumption in

region r as the share weighted sum of the percentage changes in individual source-specific

commodity purchases by households in r. The relevant shares are those of the purchaser's

value of the consumption of each individual source-specific commodity (PV3;,.,.) in total

regional household consumption (CON_R ). The solution for x3reg should be the same as

the measure for real regional consumption spending representing the household's real

budget constraint, crR. (see Equation E_crR). This equality provides a useful check on the

computer implementation of the model.

2.13.7 Real overseas exports from region r

Equation E-x4reg calculates the percentage change in real overseas exports from region r
as the share weighted sum of the percentage changes in the quantities of exports of

commodity i from region r. The relevant weight for the percentage change in the quantity

of each individual commodity export is the share of its purchaser's value in the total

purchaser's value of all exports from region r.

2.13.8 Real consumption spending by regional government r

Equation E;r5reg calculates the percentage change in regional government r's real

consumption spending as the share weighted sum of the percentage changes in the

quantities of source-specific commodities purchased by that government for current

consumption. The relevant shares are the purchaser's value of individual source specific

commodities consumed by regional government r for current consumption purposes

(PV5¡,,,J in the total current consumption spending of regional government r

( I ) tvs'',¡.
ieCOM seSOU
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2.13.9 Commonwealth real consumption spending by region

In order to calculate regional domestic absorption, it is necessary to allocate
Commonwealth government consumption spending among the regions. This is relatively
straightforward for domestically-sourced commodities. For such commodities, the basic
value (plus any associated phantom taxesse) of the purchase is considered a component of
absorption in the region in which the purchase takes place. In the case of margins, these

are allocated to the region supplying the margin, regardless of the source of the commodity
with which the margin is associated. However, imports cannot be so readily allocated to
individual regions. A share of national Commonwealth government imports is allocated to
each region on the basis of the region's share in national GDP at factor cost. This share is
given by the coefficient CGOV-SH. in Equation E x6reg. Given these assumptions,

Equation E-x6reg calculates the percentage change in Commonwealth Government
consumption allocated to region r as the share weighted sum of the percentage changes in:
purchases of commodity-specific commodities produced in region rby the Commonwealth
for current consumption; usage of margins produced in region r on Commonwealth current
consumption purchases, regardless of source; and, the share of imports of commodity iby
the Commonwealth Government for current consumption imputed to region r.

2.13.10 Real inter-regional exports from region s

Equation E x-isx calculates the percentage change in real inter-regional exports from
region s. The arithmetic underlying the accounting for inter-regional exports in Equation
E-x-isx is the same as that undetlying Equation E_n_isx (see Section 2.13.18). However,
as an index of real exports, the price variables that appear in Equation E_n_isx do not
appear in E-x-isx. The structure of this equation is otherwise identical to the former.

2.l3.ll Real inter-regional imports into region r

Equation E-x-ism calculates the percentage change in real inter-regional imports into
region r. The accounting for inter-regional imports that underlies Equation E_x_ism is
identical to that underlying Equation E_n_ism (see Section 2.I3.I9). However, as a

5e Phantom taxes are the only indirect taxes levied on commonwealth purchasers
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measure of quantity changes, no price variables appear on the right hand side of Equation

Exism

2.13.12 The volume of foreign imports into region r

Equation E;xMreg calculates the percentage change in the aggregate volume of foreign

imports into region r. This is given by the weighted sum of the percentage changes in the

volume of commodity and user-specific demands for imports by all agents within the

region. The relevant weights are given by the share of the c.i.f value of each commodity

import by each type of agent within the region, in the aggregate c.i.f value of all imports

into the region (IMP_R,). The c.i.f value of each type of import is calculated by

multiplying the basic value of each commodity import by each user type (which is

inclusive of duty), by the coefficient TARFi. The latter is the share of the c.i.f value of

each commodity import in its duty-inclusive value.

2.13.13 Regional nominal gross fixed capital expenditure

Equation E_n2reg calculates the percentage change in region r's nominal gross fixed

capital expenditure as the share weighted sum of the percentage changes in the value of

purchases by individual regional industries of source-specific commodities as inputs to

capital formation. The relevant shares are those of the purchaser's value of the source

specific commodities used by regional industryT,r for capital formation, in the total value

of gross fixed capital expenditure in region r.

3.13.14 Nominal regional household consumption spending

Equation E_n3reg calculates the percentage change in nominal household consumption

spending in region r as the share weighted sum of the percentage change in the values (at

purchaser's prices) of household r's consumption of individual source-specific

commodities. The relevant weights are given by the share of the purchaser's value for

commodity i from source s consumed by household r (PV3i,.,J in the total consumption of

household r (CON_&). In checking the computer implementation of the model, the value

for n3reg should correspond to that for the nominal regional household budget constraint,

cnr, (see Equation E_cnr).
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2.13.15 Nominal oyerseas exports from region r

Equation E-n4reg calculates the percentage change in nominal overseas exports valued in
domestic culTency from region r as the share weighted sum of the percentage changes in
the purchaser's value, in Australian dollars, of the exports of commodity i from region r.
The relevant weights are the shares of the purchaser's value of the individual commodity
exports from region r in the total purchaser's value of exports from region r.

2.13.16 Nominal regional government r consumption spending

Equation E-níreg calculates the percentage change in total nominal regional government r
consumption spending as the share weighted sum of the percentage changes in the value of
the purchases by that regional government of source-specific commodities for current
consumption. The relevant weights are the purchaser's value of individual source specific
commodities consumed by the regional government (PV5¡,r,,) in the total of all current

consumption spending by that regional government ( I I tVSu,,,, ¡.
keCOM teSOU

2.13.17 Commonwealth nominal consumption spending by region

Equation E-n6reg calculates Commonwealth nominal consumption spending by region.
Again, domestically sourced commodities are allocated to the region from which they are

purchased, as are any phantom taxes associated with that purchase. Margins attached to
Commonwealth purchases are allocated to the region supplying the margin. Imports are

aliocated among regions on the basis of their base shares in national gross domestic
product at factor cost. The percentage change in Commonwealth nominal consumption
spending in region r is then equal to the share weighted sum of the percentage changes in:
the basic value of the purchases of commodity i from region r by the Commonwealth
Government for current consumption purposes; the percentage change in the value of any
phantom taxes associated with the purchase of commodity i from region r by the
Commonwealth Govemment for current consumption purposes; the percentage change in
the value of margin rz supplied by region r for the purpose of facilitating commodity flows
associated with Commonwealth current consumption expenditure; and the percentage
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change in the value of Commonwealth imports of commodity ; that have been allocated to

region r.

2.13.18 Nominal inter-regional exports from region s

Equation E_n_isx calculates the percentage change in nominal inter-regional exports from

region s. The arithmetic underlying Equation E_ n_isx is that the value of inter-regional

exports from region s can be calculated by subtracting from the value of domestic sales of

the output of region s those sales that are made to users within region s. This idea defines

the structure of the right hand side of the equation. In succession, for each user type, total

usage of goods sourced from region s is first summed for users of that type located in all

domestic regions, and from this is then subtracted usage by users of that type located

within the source region s. There is no inter-regional transportation of commodities for

Commonwealth current consumption purposes.

2.13.19 Nominal inter-regional imports into region r

Equation E_n_ism calculates the percentage change in nominal inter-regional imports into

region r. The assumption underlying Equation E_n_ism is that inter-regional imports to

region r are equal to the difference between the total usage of domestically-sourced

commodities within region r, and the usage of region-r sourced commodities within region

r. On the right hand side of Equation E_n_ism, this idea is applied to each type of user

within region r in succession: first their total usage of Australian produced commodities is

calculated, and from this is subtracted their usage of locally sourced commodities. Since

there is no inter-regional transportation of commodities for Commonwealth current

consumption purposes, this user type does not appear in the equation.

2.13.20 The Australian dollar c.i.f value of foreign imports into region r

Equation E_nMreg calculates the percentage change in the aggregate Australian dollar

value of foreign imports into region r. This is given by the weighted sum of the percentage

changes in the value of commodity and user-specific demands for imports by all agents

within the region. The relevant weights are given by the share of the c.i.f value of each

commodity import by each type of agent within the region, in the aggregate c.i.f value of
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all imports into the region (IMP-R'). The c.i.f value of each type of import is calculated by
muitipiying the basic value of each commodity import by each user type (which is
inclusive of duty), by the coefficient TARFi. The latter is the share of the c.i.f value of
each commodity import in the duty-inclusive value of each commodity import. The
percentage change in the value of each commodity and user-specific import demand is
found by summing the percentage change in the volume of the commodity and user-

specific import demand (eg. xl ¡.po¡a,¡,,), the commodity's foreign currency pnce Qtmp,), *d
the $A / $FC exchange rate (x_rate).

2.13.21Price index for regional gross fixed capital formation

Equation E-p2reg calculates the percentage change in the regional gross fixed capital
formation price index as the share weighted sum of the percentage changes in the effective
prices of source-specific commodities used by individual industries in region r for the
purpose of capital formation. Again, the relevant shares are those of the purchaser's value
of source-specific commodities used by individual industries in region r (PV2¡,.;,,) in total
gross fixed capital expenditure in region r.

2.13.22 Regional consumer price index

Equation 73 in ¡'¡o¡nnL calculates the percentage change in the consumer price index for
region r as the weighted sum of the percentage changes in the prices paid by consumers in
region r far c.ommodities from each of the three sources. FEDERAL Equation 73 is
reproduced in p¡oeRRL-r as Equation E_p3reg.

2.13.23 Australian dollar price index for overseas exports from region r
Equation E-p4reg calculates the percentage change in the index of Australian dollar export
prices for region r as the share weighted sum of the percentage changes in the Australian
dollar prices of the indiviclual commodity exports from region r. The weight for each

individual commodity export price for region r is given by its base value share in the total
value (at purchasers' prices) ofoverseas exports from region r.
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2.13.24Index of regional government r consumption prices

Equation Elt\reg calculates the percentage change in regional govemment r's index of

consumption prices as the share weighted sum of the percentage changes in the prices of

source-specific commodities purchased by that goverrìment for current consumption. The

relevant shares are those of the purchaser's value of individual source specific commodities

consumed by regional government r (PV5¡,,,,) in the total current consumption spending of

regional govemment / ( I I rV5,,,,, ¡.
ieCOM seSOU

2.13.25 Price index of Commonwealth regional consumption spending.

Equation Elfireg calculates the regional price index for Commonwealth consumption

spending. Again, domestically sourced commodities are allocated to the region from

which they are purchased, as are any phantom taxes associated with that purchase.

Margins attached to Commonwealth purchases are allocated to the region supplying the

margin. Imports are allocated among regions on the basis of their base share in national

gross domestic product at factor cost. The percentage change in the regional price index of

Commonwealth consumption spending is then equal to the share weighted sum of the

percentage changes in: the basic price of commodity i from region r purchased by the

Commonwealth Govemment for current consumption purposes; the percentage change in

the per-unit phantom taxes associated with the purchase of commodity I from region r by

the Commonwealth Government for current consumption purposes; the percentage change

in the price of margin a supplied by region r for the purpose of facilitating commodity

flows associated with Commonwealth current consumption expenditure; and the

percentage change in the price of Commonwealth imports of commodity i that have been

allocated to region r.

2.13.26 Price Index of inter-regional exports from region s

Equation E_¡t_isx calculates the percentage change in the price index for inter-regional

exports from region s. The arithmetic underlying the accounting for inter-regional exports

in Equation Ep_isx is the same as that underlying Equation E-n-isx. However, as a price

index, the quantity variables that appear in Equation E_n_isx do not appear in E1-isx.

The structure of this equation is otherwise identical to the former.
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2.13.27 Price index for inter-regional imports into region r

Equation E1t-ism calculates the percentage change in the price index for inter-regional
imports into region r. The accounting for inter-regional imports that underlies Equation
E-p-ism is identical to that underlying Equation E_n_ism. However, as a price index, no
quantity variables appear on the right hand side of Equation E1_ism.

2.13.28 The domestic currency c.i.f price index for foreign imports into region r
Equation E-pMreg calculates the percentage change in the domestic currency c.i.f price
index for foreign imports into region r, pMreg,. The potential form of this equation is
simplified by the fact that foreign culrency commodity import prices do not vary across

either users or regions. Hence pMregr can be represented as the share weighted sum of the
percentage changes in the Australian dollar c.i.f prices of individual commodity imports,
where the relevant weights are given by the share of the c.i.f value of commodity i
imported into region r (IMPI_R) in the total c.i.f. value of imports into region r (IMP_R,).

2.13.29 Change in the nominal trade surpluses of region r

Equation E_is_surplzs defines the change in the interstate trade surplus of region r as the

weighted difference between the percentage changes in the values of the interstate exports

and interstate imports of region r. Since is_surplus, is a rate of change variable, the
weights are given by the absolute values of the interstate exports and interstate imports of
region r, each divided by 100. Equation E_os surplus calculates the change in the nominal
Australian dollar value of region r's overseas trade surplus as the weighted difference
between the percentage changes in the values of overseas exports out of, and interstate

imports into, region r. Again, since os_sørplus, is a rate of change variable, the weights
are given by the absolute values of the foreign exports and foreign imports of region r,
each divided by 100.
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2.13.30 Indirect tax revenue by region

Equation E_itrev_r defines the percentage change in indirect tax revenue collections in

region r (itrev_r,). This is given as the weighted sum of the percentage changes in the

collections of each type of indirect tax within region r by each level of govemment, and

the percentage change in phantom tax collections in region r. Total indirect tax collections

in region r are given by the sum of Commonwealth Government tariff, production tax,

sales tax, and export tax revenues; Regional government r's commodity and production tax

revenues; and phantom tax revenues.

Equation E_itrev_r introduces variables that define Commonwealth Government indirect

tax collections by region. These variables are defined by Equations E_b43_r, E_b44_r,

E_b45_r and E_b46_r. Equation E_b43_r calculates the percentage change in

Commonwealth tariff revenue by region as the weighted sum of the percentage changes in

tariff revenue on commodity i imported into region r. Equation E_b44_r defines the

percentage change in Commonwealth net production tax receipts in region r as the

weighted sum of the percentage changes in Commonwealth net production tax receipts by

industry in region r. The percentage change in net production tax payments by regional

industryj,r is the sum of the percentage changes in both the per-unit production tax rate

(cpptax¡.) and j,r's usage of Commonwealth production tax units (xcptax¡,,). Equation

E_b45_r calculates the percentage change in Commonwealth sales tax receipts in region r

as the weighted sum of such taxes collected on purchases by agents in region r of

intermediate inputs, inputs to capital formation, and inputs to consumption. Finally,

Equation E_b46_r defines the percentage change in Commonwealth export tax collections

from region r as the weighted sum of the percentage changes in export tax collections by

commodity exported from region r.

2.13.31 Real gross regional expenditure

Equation E_rgre defines the percentage change in the real gross regional expenditure of
region r. This is given as the weighted sum of the percentage changes in the real values of

the component parts of gross regional expenditure: real regional consumption (x3reg), real

regional investment (x2reg), real regional government consumption expenditure (x5reg),

and real Commonwealth expenditure in region r (x6reg). The weights are given by the
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share of the base values of these components in the base value of region r's gross

expendiiure.

2.14 NerroNer ACCoUNTS

2.14.1Introduction

The equations in Section 12 of Appendix A provide detailed accounting of national
macroeconomic aggregates. The macroeconomic aggregates that are evaluated by this set

of equations mirror those discussed in reference to the accounting for regional
macroeconomic variables in Section 2.13. A convenient summary of the major elements

of the national accounts that are defined in r¡t¡RnL-r is provided by Table 2.l4.L Again,
both (national) consumption and investment are calculated from the demand side. Real

and nominal gross domestic product at market prices are calculated from both the income (

GDP(I) ) and expenditure ( GDP(E) ) sides. Three definitions of real and nominal gross

domestic product at factor cost are calculated: the first deducts indirect taxes from GDP(E),
the second uses the income approach, and the third uses the production approach. As was

discussed in Section 2.I3.I, what might at first appear to be some redundancy in the

number of national macroeconomic variables evaluated is actually an important means of
checking the implementation of the model after each simulation. The results for altemative
definitions of the same variable should be identical. Should this not be the case, an error in
the implementation of the model has occurred and must be remedied.

2.14.2 Gross domestic product at market prices - expenditure side

Equations E-rgdpe and E_ngdpe calculate, respectively, real and nominal gross

domestic product from the expenditure side. Both equations have the familiar form of
expressing gross domestic product at market prices as the sum of final expenditures less

imports. The percentage change in the constant price measure of gross domestic product
(r3dpe) is defined by Equatiott E_r3dpe as the weighted sum of the percentage changes

in the constant price measures of the components of GDP(E). Similarly, the current price
measure of GDP(E) is given by EquationE_n3dp¿ as the weighted sum of the percentage

changes in the cunent price measures of the components of GDP(E). Equation ESdp_def
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Table 2.l4.lz Major Categories of the FEDERAL-F national accounts

Variable Name
Nominal Price Index

Variable Description
Real

Gross domestic product (market prices) - expenditure approach r3dpe
Gross domestic product (market prices) - income approach rSdpi

Gross regional product (factor cost) - market prices less indirect tax rSdpfcl
Gross regional product (factor cost) - income approach rSdpfc2
Gross regional product (factor cost) - production approach rSdpfc3

Gross fixed capital formation
Household consumption
Foreign exports
Regional government consumption
Commonwealth Government consumption
Foreign imports

gdp_def
n.a

n.a.

n.a.

x2nat
x3nqt
x4nat
x5nat
x6nat
xMnat

n2nat
n3nat
n4nat
n5nat
n6nat
nMnat

p2nat
p3nat
p4nat
p5nat
p6nat
pMnat

nSdpe
ngdpi

nSdpfcl
nSdpfc2
nSdpfc3

n.a. cannot

calculates the GDP deflator as the weighted sum of the price deflators for each of the

components of GDP(E). For each of these equations, the relevant share weights on the

right hand side variables are given by the shares of the values of the components of GDP

(household consumption, investment, consumption by two levels of government, exports,

and imports) in GDP.

2.14.3 Gross domestic product at market prices - income side

Equations E_n3dpi and E_rgdpi calculate the percentage change in nominal and real

GDP(I) respectively. Both equations calculate the percentage changes in their respective

measures of GDP(I) as the share weighted sum of the percentage rates of change in the

corresponding measures of GRP(I). Equation E_n3dpi calculates the percentage change

in nominal GDP(I) as the share weighted sum of the percentage rates of change in nominal

GRP(Ð. Equation E_r3dpi calculates the percentage change in real GDP(I) as the share

weighted sum of the percentage rates of change in real GRP(I). In both equations, the

relevant share weights are given by the shares in GDP(I) of the gross products (from the

income side) of each region.

2.14.4 Gross domestic product at factor cost

Three definitions of gross domestic product at factor cost are calculated. The first

approach (underpinning Equation E_ngdpfcl) calculates nominal gross domestic product
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at factor cost by deducting indirect taxes from gross domestic product at market prices. As
ciiscussed in Seciion 2.I3.4, using this approach, it is necessary to find an indirect means of
calculating the percentage change in real gross domestic product at factor cost. Hence, at

the national level, the percentagerate of change in real GDP at factor cost under the first
approach is calculated by Equation E_rSdpfcl as the share weighted sum of the
percentage rates of change in the corresponding regional values for this definition of gross

product at factor cost (r3rpfc1,..). Equations E_ngdpfc2 and E_r3dpfc2 calculate,
respectively, the percentage changes in nominal and real gross domestic product at factor
cost using the income approach. Both equations calculate the national value for this
measure of GDP at factor cost as the share weighted sum of the conesponding regional
measure of GRP at factor cost. Similarly, Equations E_nSdpfc-1 and E_rgdpfci calculate

the percentage rates of change in, respectively, nominal and real GDP at factor cost, using
the production approach. Again, both equations calculate the national value for this

measure of GDP at factor cost as the share weighted sum of the percentage rates of change

in the corresponding regional measures for this definition of gross product at factor cost.

2.74.5 Real national gross fixed capital expenditure

Equation E x2nat calculates the percentage change in real economy-wide gross fixed
capital expenditure, x2nat. This is given by the share weighted sum of the percentage

changes in the purchases of effective units of source-specific commodities by individual
regional industries for the purpose of capital formation. The relevant shares are those of
the purchaser's value of individual commodity purchases for capitai formation (pV2¡,,;,,) in

total national gross fixed capital expenditure, (IIIIpv2,,,,.i., ). The solution for

x2natshould be the same as that for the measur.'or'..u, national gross fixed capital
expenditure given by the national investment budget, i_aust_r (see Equation E_i_aust_r).
This equality provides a useful check on the computer implementation of the model.

2.14.6 Real of national household consumption

Equation E_x3nat calculates the percentage change in real national household consumption
expenditure (x3nat) as the share weighted sum of the percentage changes in real regional
household consumption expenditure (x3reg,). The relevant shares are those of regional
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consumption in total national consumption. Again, the solution for x3nar should be the

same as that provided by the economy-wide real household budget constraint, cR (see

Equation E_cR) thus providing a check on the computer implementation of the model.

2.14.7 Real national exports

Equation E;x4nat calculates the percentage change in the quantity index of Australian

exports as the share weighted sum of the percentage changes in the quantity indices of

foreign exports from each region. The share weights are given by the base shares of each

region in total Australian exports.

2.14.8 Economy-wide regional government real consumption spending

Equation E_xínat calculates the percentage change in economy-wide real regional

govefftment consumption spending as the share weighted sum of the percentage changes in

the quantities purchased by all regional governments of source-specific commodities for

current consumption. The relevant weights are the purchaser's value of individual source

specific commodities consumed by each regional government (PV5;,,,,) in aggtegate

national state current consumption spending by regional governments

( t I )evsu,,.).
keCOM teSOU reREG

2.14.9 Commonwealth real consumption spending: economy wide

Equation E_x6nat calculates the percentage change in economy-wide real Commonwealth

Government current consumption spending as the share weighted sum of the percentage

changes in the quantities of the individual source-specific commodities purchased by the

Commonwealth Govemment for that purpose. The relevant weights are given by the share

of the value (at purchaser's prices) of the individual source-specific commodities

purchased by the Commonwealth for current consumption purposes (PVCGi,r) in total

economy-,wide Commonwealth consumption spending ( | ) rvCCu,,;.
keCOM teSOU
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2.14.10 National import volume index

Equation E-xMnat calculates the percentage change in the national import volume index
(xMnat) as the share weighted sum of the percentage changes in the regional import
volume indices (xMreg). The relevant share weights are given by the shares of the c.i.f
value of imports into each region (IMP_R.) in the aggregate c.i.f value of imports into

Australia( ) tUl_n,;.
reREG

2.l4.ll National nominal gross fixed capital expenditure

Equation E_n2nat calculates the percentage change in national nominal gross fixed capital
expenditure as the share weighted sum of the percentage changes in the value of purchases

by individual regional industries of source-specific commodities as inputs to capital
formation. The relevant shares are those of the purchaser's value of the source-specific

commodities ¿,s used by regional industry j,r for capital formation, in the total value of
national gross fixed capital expenditure.

2.14.12 National nominal household consumption expenditure

Equation E-n3nat calculates the percentage change in national nominal household

consumption expenditwe (n3nat) as the share weighted sum of the percentage changes in
regional nominal consumption expenditure (n 3 reg,).

2.14.13 National nominal overseas exports

Equation E-n4nat calculates the percentage change in the nominal Australian dollar value
of exports from Australia as the share weighted sum of the percentage changes in the

nominal values of regional foreign expofs. The relevant share weights are given by the

base shares of each region in total Australian exports.

2.14.14 Nominal aggregate consumption spending by regional governments

Equation E_n1nat calculates the percentage change in economy-wide nominal regional
government consumption spending as the share weighted sum of the percentage changes in
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the value of the purchases of source-specific commodities for current consumption

purposes by all regional governments. The relevant weights are given by the shares of the

purchaser's values of the individual source specific commodities consumed by each

regional government (PV5i,r,J in aggregate national regional govemment current

consumptionspending( ) I I lvs..,¡.
reREG keCOM teSOU

2.14.15 Commonwealth nominal consumption spending, economy wide

Equation E_n6nat calculates the percentage change in economy-wide nominal

Commonwealth Govemment current consumption spending as the share weighted sum of

the percentage changes in the value of the individual source-specific commodities

purchased by the Commonwealth Government for this purpose. The relevant weights are

given by the share of the value (at purchaser's prices) of the individual source-specific

commodities purchàsed by the Commonwealth for current consumption purposes

(PVCGi,r) in total economy-wide Commonwealth consumption spending

( I I rvcc.,¡.
keCOM teSOU

2.14.16 The Australian dollar c.i.f value of imports into Australia

Equation E_nMnat calculates the percentage change in the Australian dollar c.i.f value of

aggregate imports into Australia (nMnal) as the share weighted sum of the percentage

changes in the regional c.i.f import value indices (nMreg,). The relevant share weights are

given by the shares of the c.i.f value of imports into each region (IMP_&) in the aggregate

c.i.f value of Australian imports ( ) ttUf-n,¡.
reREG

2.14.17 National price index for economy-wide gross fixed capital formation

Equation E_p2nat calculates the percentage change in the national price index for gross

fixed capital formation as the share weighted sum of the percentage changes in the

effective prices of the individual source-specific inputs to capital formation purchased by

the individual regional industries. The relevant shares are those of the purchaser's value of
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the source specific commodities used by each regional industry, (PV2;,5;,.) in total national

grossfixedcapitalexpenditure( I I I I pV2,,,,,,,¡.
reREG ieCOM seSOU jeIND

2.14.18 National consumer price index

Equation 74 in ¡eosR¡,L calculates the percentage change in the national consumer price
index as the weighted sum of the percentage changes in the regional consumer price index.

FEDERAL Equation 74 is reproduced in FEDERAL-F as Equation E_p3nat.

2.14.19 National Australian dollar export price index

Equation E-p4nat calculates the percentage change in the Australian dollar price index for
national exports as the share weighted sum of the percentage changes in the Australian
dollar export price indices for each region. The share weights are given by the base shares

of each region in total Australian exports.

2.14.20 National index of regional government consumption prices

Equation Elïnat calculates the percentage change in the price index of economy-wide
regional government consumption spending as the share weighted sum of the percentage

changes in the prices of the purchases by all regional governments of source-specific

commodities for current consumption. The relevant weights are given by the shares of the
purchaser's values of the individual source specific commodities consumed by each

regional goverTìment (PV5¡,.,.) in aggregate national regional government current

consumption spending ( ) I ) tVS*'.¡.
reREG keCOM teSOll

2.14.21National price index of Commonwealth current consumption spending

Equation Elínat calculates the percentage changc in the economy-wide price i¡dex of
Commonwealth Government current consumption spending as the share weighted sum of
the percentage changes in the prices of the individual source-specific commodities
purchased by the Commonwealth Government for that purpose. The relevant weights are

given by the share of the value (at purchaser's prices) of the individual source-specific
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commodities purchased by the Commonwealth for current consumption purposes

(PVCGi,r) in total economy-wide Commonwealth consumption spending

( I I rvcc.,¡.
keCOM teSOU

2.14.22 The national domestic currency c.i.f import price index

Equation E_pMnat calculates the percentage change in the Australian c.i.f import price

index (pMnat) as the share weighted sum of the percentage changes in the regional c.i.f

import price indices QtMreg,). The relevant share weights are given by the shares of the

c.i.f value of imports into each region (IMP_R,) in the aggregate c.i.f value of Australian

imports ( | rue_n,).
reREG

2.14.23 National indirect tax revenue collection

Equation E_itrev defines the percentage change in aggregate indirect tax revenue

collections at the national level (itrev). This is calculated as the weighted sum of the

percentage changes in indirect tax revenue collections at the regional level (itrev_r.). The

weights are given by the share in national indirect tax collections of indirect taxes collected

in each region.

2.14.24 Quantity and price indices of real gross national expenditure

Equation E_realSne defines the percentage change in real gross national expenditure

(realSne) as the weighted sum of the percentage changes in its component parts: real

household consumption (x3nat), real investment (x2nal), state government consumption

expenditure (x5nat), and Commonwealth government consumption expenditure (x6nat).

The weights are given by the share in gross national expenditure of each of these

component parts. The price index for gross national expenditure @3ne) is calculated by

Equation E1t3ne. The price index for GNE is given by the weighted sum of the

percentage changes in the price indices of its component parts: real household consumption

price index Qt3nat), real investment price index Qt2nat), state government consumption

price index Qt\nat), and Commonwealth government consumption price index (p6nat).

Again, the weights are given by the share in gross national expenditure of each of these

component parts.
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2. I 5 OIUER MACRoECoNoMTc AGGREGATES

2.15.1Overview

The equations in Section 13 of Appendix A define a number of macroeconomic variables

that are not readily categorised under either the regional or national accounts described in
Sections 11 and 12 of Appendix A. These include the terms of trade, which is defined in
FEDERAL-F so that it can be determined exogenously under the historical closure, and a
number of macroeconomic variables that are defined in the original FEDERAL model. The
latter include the foreign curency value of national imports and exports, which allow for
the calculation of the change in the foreign currency balance of trade, and aggregate capital
and labour usage at both the national and regional levels.

2.15.2 Terms of trade

The terms of trade is defined as the quotient of the export price index and the import price
index. Equation E_toft gives the percentage change version of this definition.

2.15.3 Change in the foreign currency balance of trade

FeoeRAI- Equation 70 calculates the pereentage change in the foreign cuffency value of
national imports as the weighted sum of the percentage changes in the foreign currency
value of imports of each commodity. Equation 70 is reproduced in pep¡Rnl-n as Equation
E-imports. FplEnel Equation 71 calculates the percentage ehange in the foreign currency
value of national exports as the weighted sum of the percentage changes in the foreign
cuffency value of exports of each commodity from each region. Equation 71 is reproduced

in pelEnAI--n as Equation E_e. F¡osRAI- Equation 72,which defines the change in the
foreign cunency balance of trade, is also reproduced in p¡o¡ReI--t, as Equation E ChB.

2.15.4 Aggregate employment

Equations 77 and 78 in neoERRI- define the percentage change in aggregate employment at

the regional and national levels respectively. These equations are reproduced in FEDERAL-
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F as Equations E_lr_emp and E_l_emp respectively. The percentage change in aggregate

regional employment is calculated as the weighted sum of the percentage change in

employment of each occupational type within the region. The percentage change in

aggregate national employment is calculated as the weighted sum of the percentage change

in employment in each region.

2.15.5 Aggregate capital stock

Equations 79 and 80 in p¡onRRl define the percentage change in aggregate current period

capital stocks at the regional and national levels respectively. These equations are

reproduced in reosnel-r as Equations E_k_krst and E_l$t respectively. The percentage

change in aggregate capital stocks at the regional level is calculated as the weighted sum of
the percentage changes in the current period capital stocks of each industry in the region.

The percentage change in the aggregate national capital stock is calculated as the weighted

sum of the percentage changes in the capital stocks of each region.

However, both Equation E_k_krst and E_lßt use regional industry shares in aggregate

capital rentals to weight the movements in individual regional industry capital stocks.

While this is the appropriate weighting regime to use for the purpose of calculating the

contribution of changes in the aggregate capital stock to, say, real gross product at factor

cost, it is not such a useful regime for other purposes. In particular, the task of discerning

the connection between changes in the aggregate capital stock and changes in aggregate

investment over time requires a measure of the aggregate capital stock that is based on

asset value weights. These are provided by Equations E-k-rst-a and E-kst-a.

2.15.6 National number of unemployed

Equation E_nat_unemp calculates the percentage change in the number of unemployed

persons nationally. This is defined as the weighted sum of the percentage changes in the

number of unemployed persons in each region. The weights are given by the share of the

number of unemployed within each region in the total number of unemployed nationally.
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2.16 RBcroNRr poput,ATroN AND LABouR FoRCE

2.16.1Regional labour forces and unemployed

Equation E-x-unemp is the percentage change form for the definition of the number of
unemployed persons in a region; where the number of unemployed is simply equal to the
regional labour force less the level of regional employment. This equation corresponds to
Equation 129 in the original r¡o¡Rel model.

In short-run comparative static simulations and year on year simulations, it is assumed that
the regional labour force is determined by exogenous changes in the size of the regional
population (pop-l5) and the regional participation rate Qt_pp_rate,) (Equation
E-lrJorce). Hence, any changes in regional employment will be reflected in changes in
the numbers unemployed in each region, and hence changes in the regional unemployment

rate. The percentage change in the regional unemployment rate ( p _u" _rate,) is defined
by Equation E _p _ue _rate.

However in long-run simulations of the model, it is assumed that the number of
unemployed persons in each region does not deviate from its base solution. V/ith national
employment exogenous this requires that changes in regional employment be
accommodated through inter-regional migration. Hence, under the long-run closure, the

percentage change in the size of the labour force in each region (lr1þrce,) is determined

endogenously (via the endogenous determination of pop_15), and the numbers of
unemployed in each region (x-unemp,) are set exogenously. Regional employrnents

(lr-emp,) are endogenous, but the national level of employment, (t_emp) is exogenous.

Changes in employment in each region are then accommodated through changes in the
shares of each region in the Australian labour force (Madden 1990).

2.16.2 Number of households in region r

Under the standard short-run and long-run closures of the FEDERAL model, the number of
households in each region (qhous,) is typically set exogenously (Madden, 1990).

However, retaining qhous, as exogenous in long-run comparative static simulations, and
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year-on-year simulations in which interregional migration leads to changes in regional

populations, will lead to a mis-specification of household demands. As already discussed,

under the standard long-run closure, the assumption is made that inter-regional migration

adjusts in response to exogenously specified numbers of unemployed in each region. In

the RnpBReL-r model, inter-regional migration responds to changes in expected regional

per-capita incomes. FEDERAL does not currently contain a link between the percentage

change in the number of households, (qhous, ) and the percentage change in the regional

labour lorce (lr1þrce,). This link is established by adding equation E_qhous to the

FEDERAL-F model.

In the short-run closure, qhous, is determined endogenously by E_qhous, although both of

the RHS variables in this equation, pop_l5, and the ratio of the regional population to the

number of households (a_qhousr) are exogenous. In moving to the long-run closure, the

endogenous / exogenous status of x_unemp, and pop_15, are swapped. With the

participation rate (ppp_rate, ) exogenous, this establishes the long-run link between the

percentage change in the number of households in the region (qhous,) and the percentage

change in the labour force of each region (lr_,þrce,). The same closure for Equation

E_qhous is used in the year-on-year simulations, allowing movements in regional

population numbers to be reflected in movements in regional household numbers.

2.16.3 Inter-regional migration in year-on-year simulations

2.16.3.1 Ovewiew

The starting point for the theory governing inter-regional migration in FEDERAT--F is the

assumption that individuals in each region differ in the intensity of their preferences

regarding the region in which they might reside. This preference is reflected in an ongoing

utility penalty which the individuals are assumed to incur if they reside in a region other

than their initial home region. This locational penalty varies across individuals.

Individuals base their decision on the region in which to locate by weighing the locational

penalty associated with migrating against a measure of the additional real income they

might receive if they were to migrate. This measure of income excludes those components

of income that are invariant to the region in which the individual resides (such as returns
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on capital). However, the measure includes real per-capita expected wages, real per-capita
fiscai variables (namely: current regional goverïrment consumption spending per capita,
Commonwealth transfer payments, regional government transfers to persons, regional
income and other taxes, and other Commonwealth taxes) and real per-capita expected
unemployment benefits. Individuals calculate expected wages and expected
unemployment benefits using the unemployment rate in each region as an indicator of their
probability of employment.

If the relevant relative measure of expected real per-capita income between the two regions
changes, then some number of those individuals who both: (a) reside in the region
experiencing the relative decline in per-capita income; and (b) have the weakest preference
(ie' incur the lowest penalty from migrating) for their home region; will now desire to live
in the other region. This establishes the desired level of inter-regional migrants. Some
proportion of the gap between the actual and desired level of inter-regional migrants is
assumed to be closed in each period through inter-regional migration.

This treatment of inter-regional migration in reonnar--¡ builds on a similar treatment in
Jones and Whalley (1989). A brief overview of the treatment of inter-regional migration in
Jones and Whalley (1989) is provided in Section 2.16.3.2 below. The manner in which
inter-regional migration is modelled in FEDERAL-F is then discussed in Sections 2.16.3.3 to
2.16.3.8.

2.16.3.2 Jones and Whølley (1959)

Jones arrd Whaiiey (i989) construct a muiti-regionai computable general equilibrium
model in which they assume that there is a distribution of individuals within each region
who differ only by their intensity of location preference. The parameters of the utility
functions of these individuals reflect this difference in a systematic way across the original
(pre-policy change) population in each region.

The key assumptions of Jones and Whalley's inter-regional migration theory can be
summarised as follows

Labour is homogenous across all regions in all respects other than their having a

preference to reside in the region in which they are originally located.
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ii. Labour incurs a utility penalty if it leaves its home region. This is expressed by *i ,

the negative of the income variation required to compensate for the utility penalty,

where ml =u''i. The parameter u' reflects the intensity of locational preference in

region r, andi indicates the ith individual.

iii. Individuals are ranked by their locational preference. The marginal individual (in

terms of their preference for remaining or leaving) in the benchmark equilibrium is

denoted i:0.
iv. The measure of the income of individuals in the home region which influences their

migration decision is ii . It is the sum of incomes from labour, natural resource taxes,

and federal govemment transfers to the region. The individuals in each region have

identical I,H's.

v. The migration decision of the individual is based on a comparison of its income in its

home region (ÎH ) and a weighted average of incomes in other regions (It), where

I

and where I' is the per-capita income measure for an outside region, s, and ø' is a fixed

weight.

The individual's migration decision is a function of I", Io, and ø. The marginal

individual60 in the benchmark year is indexed as i : 0, so that their relocation penalty is

ffio=U'0=0.

If we denote net-of-penalty income for individual i, Îf , as Îf =Io - (u'i), then for the

marginal individual we have:

Îã =to -(ø'o)

JF

à
I.d

uo That is, the individual who is indifferent between leaving the region and remaining.
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And since this individual is marginal then it must be that îä : IH . Hence in the initial

benchmark situation we have 1o = I" .

All other individuals will suffer a penalty if they leave their region. Hence they will
remain within their home region. Their net-of-penalty income is given by:

Îf =to -(u'i)

If outside income were to increase following some shock, so that In <Io, then out-

migration will occur until Îf =Ío - u .k =In, where Æ is the new marginal individual. The

number of individuals who must migrate to equate home region income and net-of-penalty
migration income can be determined by first calculating the new marginal individual from

the condition I" = Io - (u . k):

The Jones and Whalley migration theory was originally operationalised in a model with
more than two regions, with outside income (lF) calculated as a fixed-coefficient weighted

average of the incomes in other regions. In a two-region model, the Jones and Whalley
model can be represented by Figure 2.16.1. The population of the economy is n + fr, with
n individuals in Region I, and fr individuals in Region 2, in the benchmark year. The
marginal individual is ranked at position 0 on the horizontal axis. The curve iz measures
the income penalty for the lh individual from migrating. That is, the curve iu calculates

mi. The curve F-H measures the gross income difference between the per-capita income
in Region 1 and that in Region 2. This curve coincides with the horizontal axis in the
benchmark year.
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F.H

lu

Figure 2.16.1: The operation of the Jones and Whalley migration theory

in a two-region model
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An increase in Region 2 income shifts the F-H curve up, to say F'-H. This induces /
individuals for whom migration costs are lower than the gross income differential to

migrate to Region 2.

2.16.3.3 Inter-regional migration in rroøntur: Overview

Following Jones and Whalley (1989), one of the key premises of the migration theory in

FEDERAL-F is that the individuals in each region differ in the intensity of their preferences

regarding the regions in which they might reside.

The original residents of a region are assumed to share identical preferences over produced

commodities. However, their preferences over the region in which they prefer to reside

differ. As in the Jones and Whalley model, individuals are assumed to incur a locational

penalty if they leave their initial home region. This locational penalty is assumed to be of
increasing severity across an ordering of the individuals in either region in terms of their

preference for residing in their home region.
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A situation of equiiibrium in inter-regional migration is assumed to prevail in the base-year
of the model. In addition to the locational penalty, households are assumed to base their
migration decision on a particular measure of the expected per-capita real incomes in each

of the two regions. Given the two values for this measure in the initial year, the desired

level of migration is assumed to be zero. That is, unlike Jones and Whalley (1989), it is
not assumed that per-capita incomes in the two regions are identical. Rather, equilibrium
is assumed to prevail at the benchmark year expected income differential between the two
regions. In each region, there will be one marginal individual who is all but indifferent to
remaining in, or leaving behind, their home region. However, all other individuals are

assumed to exhibit a distinct preference for remaining in their home region. This
preference becomes more marked as the more "intra-marginal" individuals are considered.

A change in the measure of relative real expected incomes in the two regions will make it
worthwhile for some number of those with the weakest preference for their home region to
move to the region in which relative real expected incomes are rising. In Jones and

Whalley (1989), this measure of income is the sum of per-capita wages, resource taxes,

and federal transfers. The possibility of a more inclusive definition of migration-relevant
income, incorporating all regional taxes and other federal expenditure, is raised by Jones

and Whalley, but ruled-out due to computational limitations. Such computational
limitations are no longer a constraint, and a broader and more relevant definition of
migration-relevant income is computed in n¡oBRer--r.

A graphical presentation of the r'¡onRll-n migration theory is contained in Figure 2.16.2.
The nationai popuiation of persons aged fifteen plus (02) is arrayed in terms of their
preference for residing in each region. Individual 0 has the strongest preference for the
home region (H). The gap between the measure of relative incomes in the two regions

(It -I") would need to depart from its benchmark year gap (Iä -Ii) by A before this

individual was induced to move to the foreign region (F). Individual n is indifferent
between the two regions given the benchmark-year differential in migration-relevant

income. However, a marginal increase in (IF - IH) would induce this individual to have a

distinct preference for residing in F, and vice-versa. Individual m has the strongest
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preference for the foreign region. The relative income measure would need to fall from its

benchmark value by B or more before this individual was induced to move to region H.

Figure 2.16.2: The operation of the rnoan¡,1-r migration theory

(t'-t")-(t; -ri)
A

(t; - t;') n q m

B

(r'-t"l

population in F
Increasing population in H

Given the initial income differential (Iå -IÏ), the population of Region H is 0n, and that

of Region F is 0m-0n, or nm. If the measure of foreign income ( IF ) were to now fall, so

that relative expected incomes were given by (tl - tåt), and

(tl - tl')- (t; - Ii )= (t' - t" ) , then the equilibrium population of Region H becomes 0q,

and that of Region F becomes Ùm-\q:qm. Of the residents of Region H at the new

equilibrium, 0q-0n were originally residents of Region F in the benchmark, or pre-

simulation, period.

Jones and Whalley assume that full adjustment of inter-regional migrant numbers occurs

over the simulation period. V/hile this may be appropriate in some applications of a

comparative static model, it is not so in a multi-period model such as FEDERAL-F. Hence in

FEDERAL-F an assumption has been made that, following some shock to the model, the

equilibrium distribution of the nation's population between the two regions is not attained

immediately. Let that component of the population that is no longer residing in their

0
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original region of residence be designated the "migrant population". The current migrant
population, and the desired migrant population will differ when the adjustment to
equilibrium is not instantaneous. A simple adjustment rule is imposed in neoERAL-n,

which effectively allows some proportion of the difference between desired and actual
migrant populations to be closed each year.

2.16.3.4 Change in the net migrant population

To begin to formalise the treatment of inter-regional migration in ppoeRlL-r, let 0n, the

initial 15+ population of region H, equal!('-'). Also, let the level of emigrants aged 15-

plus from region H equal M.. Furthermore, designat" (I' - t" )- (t; - Ii ) as D . Then,

the function relating the distribution of population between the two regions to the relative
expected incomes in the two regions can be written as:

D=A-oh¡i;" -M-] (82.16.r)

Where

D is the change in the relative measures of income to which inter-regional
migration responds;

is the y intercept of the migration-income function. This is a fixed parameter

set equal to oþfi)-¡1(a)], where M(B) and r,!l) are the benchmark period

values for inter-regional migration and region I's population respectively;

is the slope of the migration-income function;

is the base population of persons aged 15+ belonging to region H in the initial
year. This is updated by the natural population growth rate in each period;

is the desired level of emigrants from region H aged 15-plus.

A

Rearranging Equation (E2. 16.1) for Mt, provides

T,(t-t)

ct

M

M*:itr-Al+rf,i,)
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This provides the equilibrium level of emigrants from region H given the value for the

parameter measuring the intensity of locational preference (ø) and the change in the

relative measures of income to which inter-regional migration responds.

In ¡poeRRL-F it has been assumed that the equilibrium stock of emigrants aged l5-plus

(M*) at the commencement of the simulation year, is a function of the values for the

measure of income to which migration responds in the year prior6l to the simulation year.

Hence M* is calculated as a coefficient in the model. This treatment is consistent with

households not basing their location decision on instantaneous knowledge of their

prospects in either region. Rather, they respond with (depending on the value of the

adjustment parameter, )') a lag of at least one year between their migration decision, and

the deviation in (lo - I" ) from its benchmark value. Such a lag is consistent with the idea

that the currency of the information that households possess on their prospects in either

region will differ across households. It is also consistent with the idea that households

cannot execute their migration decisions immediately, but must suffer delays arising from

having to sell homes and find new ones, coordinate the completion and commencement of
education commitments, find new employments and fulfil existing work and other

obligations.

Having assumed that the difference between the actual level of net emigrants (M) and the

equilibrium level (M*) is not closed instantaneously, but that some proportion of the gap

between the two is closed in each period, then the following adjustment rule can be

introduced to the model:

aM: rlw -tu]nH(") + ¡Ptvt) (F,2.16.3)

Where

AM

¡.

is the change in the actual level of net emigrants aged 1S-plus;

is an adjustment parameter. The setting for this parameter is discussed in

Chapter 3 below;

is the equilibrium level of the stock of emigrants aged 15-plus;

is the actual level of the stock of emigrants aged 15-plus;

M
M
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AHM :

AFo"tl :

is the homotopy variable on the migration equation; and

is a shift variable unique to this equation.

Making the obvious notational adjustments, Equation (82.16.3) above provides Equation
E_ch_migranl in Section 14 of Appendix A.

2.16.3.5 change ín base populøtion of region r viø natural population growth

To calculate the percentage change in the resident population aged fifteen plus during the
simulation year, it is useful to staf by noting that the population growth in region r across
the simulation year will be the sum of the natural population growth of the residents of the
region, plus or minus any movement in migration numbers towards the equilibrium level of
migrant numbers. In this sub-section I start by considering the natural population growth.

In the levels, the base population of region r at time t canbewritten:

T,,, ='¡t,-tl[t+GJ reREG (F'2.16.4)

Where T,(') is the base resident population aged fifteen plus in region r in period r and G is
the natural population growth rate (inclusive of net foreign migration). The base solution

to the model requires T,to = T,tt-", implying G. : 0. Hence a convenient expression for
Equation (82.16.4) is:

.r(o - 1(t-r) , ht,-'1.= hoi^r - ¡r 'L^r ur}{r -, - nn^r e Ã-D\J (F,2.r6.s)

Where Q] it zero in the base solution to the model, thereby establishin g f!) as the

legitimate base solution for l'). In a simulation, Q is shocked equal to l, thereby
establishing the relationship given by Equation (F;2.16.4).

Converting this equation to a rate of change form, and adding a multiplicative (in the

levels) shift factor F,G), provides:

u' That is, the data base year
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(r-l ) r€REG (F,2.16.6)

Making the obvious notational adjustments to Equation (82.16.6), provides Equation

E_del_basepop in Section 14 of Appendix A.

2.16.3.6 Population aged 15+ in region r

To calculate the percentage change in the population resident in region r across the

simulation year, it is useful to start by noting that in the levels:

(0 M

^TJ" 
= h C, þQI' * 1lt-r)¡P(r)

NÍ') = T (F,2.16.7)

(E2.16.8)N (Ð
= Tr(t) + M2

'Where NÍ') i. the population aged 15-plus resident in region r

Converting (F.2.16.7) and (82.16.8) to obtain a term for the percentage rate of change in

Nf') provides:

(F,2.16.e)

(t\
n it¡

100
þr,!] + nrvr] (E2.16.10)

N (t-l )
2

Making the obvious notational translations to (E2.16.9) and (E2.16.10) above provides

Equations E_pop_l5,e and Ejtop_l5n in Section 14 of Appendix A.

2. 1 6.3.7 Regional labour forces

In the levels, the labour force of region r is given by:

¡(o,r)r - N,Cto,r)' (E2.16.11)

,tl,:*Ët^tll -¡r"rl

Where
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p(6,r)r

6(o,l)r

regional labour force;

participation rate of the regional labour force.

Is a measure of real per-capita expected income in region r, which is exclusive
of those components of income (such as returns from capital) that are invariant
to the migration decision;

Is the expected per-person nominal wage in region r;

Is the expected per-person nominal unemployment benefit received in region r;

Is the expected per-person net-fiscal benefit received in region r;

Is the CPI in region r.

It is assumed that the participation rate is an exogenous variable specific to each region. It
is not related to the mix of native and migrant residents within a region. Hence, new
immigrants are assumed to acquire the labour force participation rate of the incumbent
residents of the region to which they are immigrating.

Converting Equation (F,2.16.11) to a percentage rate of change form provides Equation
(F.2.16.r2):

¡(a't)r :flo)*c6't)' (F,2.t6.t2)

Making the obvious notational adjustments, this provides Equation E_lr1þrce in Section
14 of Appendix A.

2.16.3.8 The measure of per-capíta income to which inter-regional migration responds

Individuals are assumed to base their migration decision on a particular measure of
expected real per-capita income denoted V,(M) . this measure is defined as follows:

r¡(M) wä * Ui,, + Fin
^ r _(3)r (F,2.16.r3)

Where

Y,t"'

Fô

w¿.)

U (r)

ç(3)¡
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Lineanzing (F;2.16.13), and solving for the rate of change in Y,@, provides Equation

E ch income in Section 14 of Appendix A.

The expected per-person nominal wage in region r is defined as:

(F,2.16.r4)

(F,2.16.r5)

Where:

u,l :

U:
I.J' :

After tax wages paid by industryj in region r;

Employment in region r;

Unemployment rate in region r.

The linearized version (82.16.14) is given by Equation E_p_exp_wage in Section 14 of
Appendix A.

Equation E1_exp_wage introduces the percentage change in after tax wage income,

wageinc,, as a variable. This is defined by Equation E_wageirzc, which calculates the

percentage change in after tax wage income in region r as the weighted sum of thp

percentage changes in post-tax \¡/ages earned by labour of each occupational type,

employed within each industry, in region r. The weights are given by the share of post tax

wages earned by labour of skill type m employed in regional industry j,r, in the total of
post-tax wages earned in region r.

The expected per-person unemployment benefit received in region r ( Ul,r ) is defined as:

U(r)
cco!')

gr . ¡(o,r)r

'Where CGO!') is the Commonwealth Govemment outlay on unemployment benefits in

region r and F(u'')' is the size of the regional labour force. The bracketed term in this
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equation provides the per-person unemployment benefit paid in region r. Multiplying this
by the unemployment rate in r provides the expected per-person unemployment benefit in
tegion r' The linearized version of (82.16.15) is Equation E1_exp_ueá in Section 14 of
Appendix A.

The level of the net fiscal benefit, F,'n , is defined as follows:

Fin =
SGOÍ') +CGOId +SGOI') -SCn1" -SGR [' - ccng,

(82.16.16)
N,n

Where:

scoÍ')

cco!')

scol"

scRf)

sGR[')

ccRt)

Nr,l

The linearized version of (E2.16.16) is given by Equation E_p_netlfiscal in Section 14 of
Appendix A.

Having determined the real level of migration-sensitive income in each region, y.@, the

coefficient D , which appears in Equation (82.16.2), can be evaluated as follows:

D = (Y,|}l - Y,lYì)- (",$ì - y,i,ì) (F'2.t6.17)

'Where:

Y.iTì

Current regional government r consumption spending;

Commonwealth transfers to persons (other than interest and unemployment

benefits);

Total regional government transfers to persons;

Regional government income reducing taxes;

Other regional government receipts;

Other Commonwealth Government receipts;

Population aged 15-plus in region r.

Is the level of migration-sensitive real income in region 2, in the data base year;

Is the level of migration-sensitive real income in region l, in the data base year;Y,ffì
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Y(H)

Y,ffò

Is the level of migration-sensitive real income in region 2, in the initial

(benchmark) year; and

Is the level of migration-sensitive real income in region 1, in the initial

(benchmark) year.

2.16.4 Limitations of the FEDERAL-F migration theory

The present inter-regional migration theory in r¡opR¡,L-¡ as outlined above is subject to

three broad limitations. The first of these is that it is the only part of the model's theory

(and its computer coding) that is explicit about the number of regions in the model (ie. two

regions, rather than the general r regions in the remainder of the model). This is not a

limitation in the context of current applications of the model, which divide Australia into

two regions (Tasmania and the rest of Australia). However, future applications of the

model involving more than two sub-national regions will face a number of difficulties in

generalising this theory to more than two regions. First, with only two regions, it was not

necessary to provide a theory to account explicitly for either the destination region or

origin region of, respectively, emigrants from or immigrants to a given region. With only

two regions in the model, it is self-evident where inter-regional emigrants are going and

from where inter-regional immigrants are coming. This facilitated another of the novel

features of the inter-regional migration theory in ¡BoBReI--n (discussed in detail in Sections

2.5.4 and2.5.5), that is, the maintenance of the original (pre-migration) capital ownership

patterns of inter-regional migrants within their new host region.

Like the first limitation, the second limitation also relates more to the manner in which the

theory has been implemented, rather than its form. It has been assumed that in the base

year, the gap between the relative expected per capita income measures is compatible with

zero desired migrants. This assumption of equilibrium in the base year data is not

compatible with the evidence, which shows inter-regional emigration from Tasmania in

1992193. This is not a major issue for two reasons. First, if it were so desired, one could

set the database value for the base-year income gap so as to generate (for a given

adjustment parameter) the desired level of migrants in the first simulation year. Second,

there is enough flexibility in the closure of the migration module in the historical

simulations to allow for Equation E_chmigrants to be inoperative without restricting the
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model user's capacity to account for the impact of inter-regional migration on population
sizes, Orre option is to set ch-migranl.s exogenously, and ailow Equation E_chmigrants to
determine f-chmigrants. Another option is to set pop_15, exogenously, and allow
Equations E-pop-l5t and E-pop-1Ja determinef_ltop_|5,. While the latter option will
yield historically accurate population growth rates, it will not, unlike the former option,
keep track of variations in the capital ownership patterns of regional populations as

households move between the two regions. However this is not a material issue in
simulations over such a short period (1992193 to the present) when the impact of even
large movements of Tasmanians to the rest of Australia will have a negligible impact on
the size and composition of the population of the rest of Australia.62

The final limitation relates to the form of the schedule linking the distribution of the
population to relative income measures. While a linear schedule was chosen, there are no
a-priori grounds for such a choice. A linear schedule was chosen simply for computational
ease. One can postulate other functional forms that might have better modelled household
location preferences. For example, an inverse-logistic function might have been more
appropriate, since it would allow one to model that core of the residents of a region who
will resist the temptation to relocate regardless of the apparent material advantages of so

doing. However, the bounds of such a function are extremely unlikely to be required in
any norrnal simulation of the model. For most simulations, and certainly for those reported
in this thesis, the process of inter-regional migration involves small variations in incomes
and movements in a small number of people, with the vast bulk of the population
remaining within their home region. In these circumstances, a linear migration function is
adequate to the task.

2.17 Pu,qNrorr¡ TAXES

2.17.1Overview

During both historical and forecasting simulations of the model, it will often be desirable
to determine exogenously either the price of individual commodities sold to particular

62 It could be an issue if the population movements were in the opposite direction, since a given inflow of
mainland residents to Tasmania would be more likely to alter the tapital ownership patterÀ'of Tasmanian
residents, given the relatively small size of the Tasmanian population.
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users, or the aggregate price deflators relating to the aggregate purchases of particular

users. In many of these cases, the cost components determining the purchaser's price

(factor prices, input costs, net govemment taxes, technical change) are also determined

exogenously, leaving no (normally) exogenous variable available to determine

endogenously. The developers of the MoNASH model overcome this problem by

introducing endogenous "phantom" taxes, which allow purchaser's prices to be determined

exogenously. A similar approach is adopted in FEDERAL-F.

Phantom taxes in FEDERAL-F can accrue on purchaser's by all user types. Phantom taxes

on household purchases facilitate the exogenous determination of both household

purchaser's prices for individual commodities and regional CPI's. Phantom taxes on

purchases by capital creators facilitate the exogenous determination of regional gross fixed

capital expenditure deflators. Phantom taxes on exports facilitate the exogenous

determination of both the terms of trade and the f.o.b. foreign currency export prices of

individual commodities. Phantom taxes can also accrue on purchases by regional

governments and the Commonwealth Government. This facilitates the exogenous

determination of regional government and Commonwealth Govemment consumption

deflators. Phantom taxes only accrue on purchases for current production in those

instances in which a "spreading" phantom tax shift variable is endogenous.

The tuoNnsu model distinguishes between so called "spreading" and "non-spreading"

phantom taxes. A similar distinction is retained in RBonR¡l-n. Changes in spreading

phantom taxes change prices faced by all users of the commodity the price of which is

being determined exogenously for one user type. Changes in the non-spreading phantom

taxes only affect the prices faced by the specific users for which purchaser's prices are

being determined exogenously. The need for non-spreading phantom taxes arises largely

from the aggregation of commodities in the tr¡oNnss commodity classification system. For

example, in the case of the commodity "Fishing", Australia mainly exports crustaceans,

while soft fish are consumed domestically (Dixon and Rimmer I999a). Hence, it was

deemed by the developers of voNnss to be inappropriate for the price of domestically

produced fish to move with the price of exported fish when the price of "Fishing" exports

were determined exogenously. The need for the non-spreading phantom taxes arises in this

instance from the aggregation of what are effectively two different commodities under the

single category "Fishing". This aggregation problem also exists in the current
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implementation of FEDERAL-F, and is in some respects more acute since the Tasmania /
Mainland version of the model distinguishes 37 commodities. Hence the uoNasn
distinction between spreading and non-spreading phantom taxes is also adopted in
FEDERAL-F.

Phantom taxes collected in the voNnsu model are directed as net revenue to the
government. A different treatment is adopted in ¡eoeRRL-¡. Since these taxes are not real
taxes, and the detailed modelling of government income and expenditure is one of the
strengths of the FEDERAL-F model, it was not considered appropriate to add them to
government revenue. Rather, they are treated as super-normal profits or losses on the
capital employed in producing the individual commodities on which the net taxes accrue.

These are then allocated to households and goverTrments. This allocation is undertaken on
the basis of the ownership shares in the capital of those regional industries producing
commodities upon which phantom taxes have accrued.

A further departure in ¡¡oeReL-F away from the treatment of these taxes in MoNASH

concems the elimination of these taxes at the commencement of each simulation year.

During a simulation under a forecast or historical closure, the spreading and non-spreading
phantom taxes that are collected on intermediate, investment, export, household

consumption, and govemment consumption flows, are accumulated in a set of phantom tax
revenue matrices. The phantom taxes thus accumulated are allowed to carry forward from
year to year in FEDERAL-F. A different approach is followed in the MoNASH model. At the
start of each forecast year, the phantom taxes are added to the basic flows upon which they
accumulated in the previous year. A balancing adjustment is then made to the other costs

matrix. The phantom taxes are then zeroed out. Hence, the tr,toNRsu database is free of
phantom tax entries at the beginning of each forecast year. This approach is not
appropriate in r¡oBRRL-r, given the different treatment of phantom taxes in this model.
With phantom taxes in p¡o¡RRL-¡ essentially treated as a super-normal profit or loss on
capital, and directed to household as net income, the database is allowed to carry the
accumulated value of these taxes from year to year. To date, my experience with these

taxes is that, while they can vary significantly across commodities from year to year, they
remain in total a relatively small and stable share of each of the aggregate demand

categories upon which they accrue.
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2.17.2 Exogenous determination of the terms of trade

Under the historical and forecasting closures, many of the variables that determine the

terms of trade may be determined exogenously. The foreign currency price of individual

commodity imports is typically determined exogenously in both the standard comparative

static, historical, and forecasting closures of the model. Many of the foreign curency

prices of traditional export commodities will be determined exogenously under both the

historical and forecasting closures via the endogenous determination of the appropriate

phantom tax rates. The remaining variables that determine the terms of trade, and which

are not otherwise determined exogenously, are the export prices of those commodities in

the sets NTRAD and exoc. The export prices of these commodities are made the potential

subject of the common shift variable fpentrad by adding Equations Ejt_rexp_exog and

E1t_rexp_imp to the model. Under the standard comparative static closure of the model

these equations are inoperative due to the endogenous status of p_rexp_exogi,r and

p_rexp_impi.r. Under the historical closure, these equations are brought into operation by

setting exogenous all the elements of p_rexp_exog¡,¡. and p_rexp_impi,, and setting

endogenous the rates of the corresponding components (i € NTRAD, i e rxoc) of the non-

spreading phantom tax rates on export sales (rcx_ nsph,.,). The terms of trade can then be

determined exogenously by setting endogenous the shift variable fpentrad. This variable

then operates via Equations Ep_rexp_exog and E_¡t_rexp_imp to adjust the prices of all

non-traditional and exogenous export commodities so that the overall terms of trade target

is met.

2.17.3 Determination of per-unit phantom taxes.

Equations E_tax_lph through to E_tax_6ph allow the model user to choose between three

alternative possibilities for determining the value of per-unit phantom taxes. This choice is

exercised through the value assigned by the user to the coefficients HPHANTI,

HPHANT2, and HPHANT3. One of these three coefficients must be assigned a value of 1,

with the remaining two assigned a value of 0. V/ith HPHANTI assigned a value of 1, the

per-unit value of phantom taxes is indexed to the regional consumer price index. This

setting can be useful when undertaking nominal homogeneity tests of the model. An ad

valorem treatment is established by assigning a value of 1 to HPHANT2. Finally, the tax

is treated as a specif,rc tax if HPHANT3 is assigned a value of 1. The latter option has been
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chosen in the simulations undertaken in this thesis. The basic form of each of these
equations is similar across each type of sale, although there are small but important
differences across user types. The per-unit phantom tax on purchases by current producers

(tax Iph,,,) is only affected by the spreading phantom tax shift variable (tax_sph¡,, ).

Commodity specific non-spreading phantom tax shift variables only appear in Equations

E_tax_3ph and E_tax_4ph (fphtax3,,,,, and tax_nsph¡,,) respectively. That is currently,

allowançe is only made for the exogenous determination of the prices for individual
commodities sold to households and foreigners. Commodity-wide phantom tax shifters
appear in each of the per unit phantom tax equations other than E_tax_4ph and, E_tax_lph.
These shifters are used to exogenously determine aggregate expenditure deflators. During
historical simulations, the price deflators for regional gross fixed capital formation

Qt2reg), consumption (for region I Qt3reg) and the nation as a whole Qt3nat), regional
government consumption expenditure @5reg), and Commonwealth Government
consumption expenditure Qt6reg) aÍe determined exogenously. The corresponding

uniform phantom tax shifters (fphtax2. for investment prices, fphtax|,. for regional
govemment prices, and fphtax6,. for Commonwealth Govemment prices) are then
determined endogenously.

2.17.4 Total phantom taxes collected

Equations E-totallhantl through to E_totallthantî calculate the percentage change in
the total phantom tax revenue collected on each commodity, from each of the two domestic
regions of origin, for each of the six types of final user. Equation E_totalJ)hantl
calculates the percentage change in phantom tax collections on good i from source region s
used as an intermediate input in either region. This is given by the weighted sum of the
percentage changes in the collections ofphantom taxes on good i from source s used by
regional industry7,r. The weights are given by the share in total phantom tax collections
on intermediate input usage of i from s of that part of those collections attributable to the
usage of that source specific commodity by regional industry.i,r. In a similar fashion,
Equation E-totalihant2 calculates the percentage change in total phantom tax collections
on usage of i from region s as input to capital formation, as the weighted sum of the
percentage changes in such collections on usage of i,s by industries in both regions.
Equation E-totallthant3 defines the percentage change in total phantom tax collections on
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sales to households of good i from domestic source s. The percentage change in phantom

tax collections on exports of i from s is calculated by Equation E_totallhant4, with no

weights needing to appear in this equation since export sales do not have a location

dimension. Similarly, Equation E_total_phantí calculates the percentage change in

phantom tax collections on sales of i from region s to the Commonwealth as the sum of the

percentage changes in the quantity of such commodities sold to the Commonwealth,

x_cgr,s, and the percentage change in the per-unit phantom tax payable on each unit thus

sold, tax_6ph¡,,. Finally, Equation E_totallthant1 calctlates the percentage change in

phantom tax collections on commodity and source -specific sales to regional governments

as the weighted sum of such collections arising from sales to each regional govemment.

Total phantom tax collections, across all user-types, on sales of commodity i, sourced from

domestic region ,s, are defined by Equation E_phantotal. This total is given by the

weighted sum of the percentage changes in the phantom tax revenue collected on the sales

of the source-specific commodity to each user type. The weights are given by the share in

the total phantom tax revenue accruing on sales of i from s of that revenue attributable to

the sales of i,s to each particular user type.

The variable phantotal¡," is used in Equation E1_housphant for determining the value of
phantom taxes accruing to households in each region. For this purpose, it is the percentage

change in the value of phantom taxes from region s that is relevant. However, for

calculating the aggregate indirect tax revenue in region r for the purpose of constructing

the regional accounts (See Section2.l3.30 and particularly Equation E_itrev), it is the total

phantom tax revenue accruing within region r that is relevant. To this end, Equation

Elthantotal2 calculates the percentage change in phantom taxes accruing on commodity i
purchased within region r. This is calculated as the weighted sum across sources and users

of the percentage changes in phantom taxes paid on purchases of commodity i by users

located within region r.

2.17.5 Phantom tax revenues accruing to household r

As already discussed in Section 2.17.I, phantom tax revenues in neo¡RRL-F are assumed to

accrue to households in proportion to their ownership of capital in those industries

producing the goods upon which the tax accrues. The calculation of the proportion of the

219



CHAPTER 2

tax revenue accruing on i from s that is received by household r is facilitated by there
^.--^-¿1-. 1^ ^i-- - -^ - ,----1rl t ' 'currentty betng no inultt-produci industries in the modei. Hence the revenue accruing on
commodity i from region s can be attributed uniquely to industryj in region s where i :j
since no other industry in the region is a producer of i. The proportion of the rcvenue
collected on coÍtmodity i from s which accrues to household r is given by the coefficient
HH-PHANT¡,.,, in Equation E1t-housphant. This equation calculates the percentage

change in the phantom tax revenue collected by household r Qt_housphant,). The value of
HH-PHANT¡,,,, is equal to household r's share in the capital of industry j (where j : i)
located in region s. The percentage change in the phantom tax revenue collected by
household r is defined as the weighted sum of the percentage changes in the phantom tax
revenue accruing on sales of commodity i from region s. The weights are given by the
share in the total phantom tax revenue accruing to household r of the phantom tax revenue
received by household r that arises from sales of commodity i from region s.

2.17.6 Powers of the phantom tax rates

Equations Eltowtaxlpå through to Eltowtaxúph calculate the percentage rates of change

in the powers of the phantom taxes on source specific commodity purchases by each user

type. Suppressing commodity, source, user, and region subscripts, the power of the
phantom tax (H) is defined as one plus the value of the per unit tax (F) divided by the basic

value (P(o) ) of the commodity upon which it is levied:

(82.17.1)

converting Equation (82.17.1) to a percentage rate of change form provides:

(82.17.2)

Which, upon making the obvious notational adjustments, provides Equations Elowtaxlph
through to E_powtax6ph.

H=1+ F
p(o)

Hh=[#r]k-p,',)
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As already discussed in Section 2.3.1, it is the power of the phantom tax that appears in

each of the purchaser's price equations, not the per unit tax. As also discussed in that

section, during decomposition simulations, it is the power of the phantom taxes that are

determined exogenously, with the per unit taxes remaining endogenous.

2.17.7 Changes in the phantom tax accruing on individual commodity flows

Equations E_del_tax_1ph through to E_del_tax_6ph calculate the change in the phantom

tax accruing on each commodity flow. These taxes are used to update the phantom tax

matrices TAX1F through to TAX6F. Suppressing commodity, user, and region subscripts,

in the levels the phantom tax accruing on a particular transaction (J) is the product of the

quantity of units being transacted (Q) and the per-unit phantom tax (F):

J=FxQ (F.2.17.3)

The linearised expression for (82.17.3) with the total value of phantom tax collected

expressed as a rate ofchange variable is given by:

(82.17.4)

'Which, after making the obvious notational translations, provides Equations

E _del _t ax _l ph throtgh to E _del _t ax _6ph.

2.17.8 The determination of phantom tax rates in the deviation closure

Equations E_tax_nsph_old and E_tax_sph_old facilitate the determination of phantom tax

rates in the deviation closure. Similar equations appear in the MoNASH model, and were

added by its developers to reduce the deviations in commodity export volumes from their

forecast values that might otherwise arise during deviation simulations.

In all closures of the model other than the deviation closure, Equations E_tax_nsph_old

and E_tax_sph_old determine tax_nsplt_old.¡¡ and tax_sph_old¡," respectively. The variable

xr_exp_old¡,, is determined exogenously. Neither equation serves any function in the

-:[#],.^
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model in any closure other than the deviation closure, since the variables tax_nsph_old¡,,

and tax_sph_old¡,, appear in no other equation in the model.

Under the deviation closure, the export prices that were exogenous in the forecast closure

are switched to being endogenous, and the corresponding components of tax_nsph_old¡.,

and tax-sph_old¡,, are made exogenous and shocked equal to the values acquired by
tax-nsph¡,, and tax sph¡,, during the forecasting closure. The term

DAMP "Gr-€xp¡,, - xr-exp-otd,.,) is a dampening factor that operates in the deviation

closure to reduce the amount by which the new quantity of exports of each regional export

commodity departs from its value during the forecast simulation. The high elasticity of
demand for many export commodities means that the cost of an export item in the

deviation simulation need only depart from its forecast value by a small amount to induce a
relatively large change in export volumes. The dampening factor acts to increase the

phantom tax on an export commodity during the deviation closure if the quantity of its
exports grows more strongly than it did during the forecast closure. Of course, this

dampening factor is an ad-hoc adjustment, and if it is not considered appropriate by the

model user, it can be removed by setting DAMP equal to zero. This is done in the

simulations reported in Chapter 6.

2.17.9 Allocation of phantom tax revenues to the Commonwealth and regional
governments

A share of the phantom tax revenue accruing on each commodity from each region is

allocated to the Commonwealth and regional governments. This allocation is undertaken

on the basis of their ownership shares in the capital in the industries producing the

commodities upon which the taxes are accruing. Equations Elthant_rgov and

Elthant_cgov calculate the percentage changes in aggregate phantom tax receipts accruing

to regional and Commonwealth Governments respectively. In the levels, these equations

can be represented by EquationB2.IT.5:

R, = IIH,,.,rP,,.
ts
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Where R* is the phantom tax receipts of government g, H,,.,, is government g's share of

the capital in industry i in region s, and P,,, is the phantom tax revenue accruing on

commodity i (produced by industry i) from region s. Linearising Equation (F'2.17.5)

(noting that regional government r owns capital only in its home region, and treating Hr,,,,

as given) provides Equations E_phant_rgov and Elthant_cgov.

2.I8 Ilræonr I rocN-PREFERENCE TwISTS

2.18.1Domestic / foreign preference twists

As discussed in Section 2.14.10, the economy-wide volume of imports (xMnat) is

calculated by Equation E xMnat as the share weighted sum of overseas imports into each

region (xMreg,..). The latter variables, in turn, are calculated by Equation E_xMreg as the

share weighted sum over commodities and users of individual demands for foreign-sourced

commodities. In the absence of technological change, the demand for imported

commodity i by industrial users (Equation E xln), capital creators (Equation E_x2n), and

households (Equation E_xr_housa) are a function of both an activity-related variable, and

the relative prices of imported and domestically produced goods. Government demands

for imported commodities are either determined exogenously, or endogenously via the

assumption governing the aggregate level of government expenditure (whether that be an

assumption of a fixed borrowing requirement, indexation to real private consumption, a

given balance of trade, or some other appropriate assumption relating to the

macroeconomic closure).

In both historical and forecasting simulations the aggregate volume of imports will be

determined exogenously, and shocked equal to either the ABS estimate for its percentage

change over the simulation period (in historical simulations) or an independent forecast for

its percentage change in future periods (in forecasting simulations). However, since the

aggregate price index for imported goods is also set exogenously, and with demands for

individual commodity imports determined by relative prices, there is no appropriate

exogenous variable in the FEDERAL model that can be determined endogenously in the

historical and forecasting closures so as to allow the economy-wide volume of imports to
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be determined exogenously. In the MoNASH model, this problem is overcome through the
introduction of a new variabie that ailows for the endogenous determination of cost-neutral
changes (or "twists") in import/domestic usage shares. A similar approach has been
followed in developing FEDERAL-F: the demand equations for sourcc-specific commodities
for use as intermediate inputs, inputs into capital creation, and inputs to household

consumption are all augmented by commodity-specific "twist" terms. These terms allow
for the endogenous determination of cost-neutral changes in the preferences for imported
and domestically produced goods, thereby allowing for the exogenous determination of the
aggregate volume of imports. The derivation of these twist terms is discussed in detail
below.

Substitution possibilities between sources of commodities in both nEo¡neL and FEDERAL-F

are governed by CRESH functions (Hanoch l97I). Given a three-input CRESH
production function, to derive the import twist terms we wish to find, for a given set of
prices, the combination of technical changes in the usage of the three source-specific inputs
to the function that together imply a cost neutral change in preferences away (towards)

imports and towards (away from) domestically sourced goods. Specifically, following the
general approach of Horridge et al. (1998) in their derivation of the twist term for a two-
input CES function, the problem is to find values lor a1 : a2 : ap and a3 which produce a

change in the ratio of domestic to imported goods, Sf x, + Sf x, = xr,63 of t per cent, while

leaving the price of acquiring an effective unit ofx unchanged. That is, find ao and,a3 such

that:

S,ao +Srao +Sra, =0 and (E2.18.1)

r=Slxr +SrDx, -x, (F.2.18.2)

For given prices, the linearized CRESH demand function for the source-specific

commodity is64:

u3 where Sf ls tfre share of the value of domestic source r in the total value of the commodity sourced from
all domestic sources.
6a See Dixon et al. (1992) p.126.
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Domestic source,2
(

twist2: "L - orl

_(
twisþ: oj -orIai - ) siøi

(82.17.3)

(E2.18.4)

(E2.18.5)

(E2.18.6)

(E2.18.e)

(E2.18.10)

(E2.18.11)

X¡=Z-õ¡ ai
*r,

Suoo la¡

Substituting equation (E2.18.3) into condition (E2.18.2) and simpliffing provides:

t=aoþotatþt

-po,)

where þo=ot (t; -t)-S](o-,sl +ø,Sf )+t

þt=-os(t; -t)*s,(sl' +S D
12

Solving (E2.18.1) and (F,2.18.4) for ao and aj provides:

Qj=
(r-s,)t

-9o

If we now notionally divide the technical change terms for the source-specific demands for

a particular commodity into the technical change attributable to standard technical change

(a,), and the technical change attributable to the preference twists þ; ), tn"n we can

append the following twist term to each input demand function relating to:

Domestic source, 1 ttvistl : aT-o, T
D I s"ía

ai- >s:'íl
seSOU )

seSOU

Foreign source,3:
seSOU
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'Where al = ao, as given by Equation(F;2.18.5) above, and, al = a3, as given by Equation

(E2.18.6) above.

In a situation where the Armington elasticities of substitution are identical across sources,

then Bo reduces to 1-o, and ap and aj become equal to the CES case as given by Horridge

et al. (1998). The CRESH twist terms are also the same as the CES twist terms when 6i1 :
o2, implying identical Allen elasticities of substitution (AES) between the domestic and

imported sources for good i. Either of these two cases can apply in the current
implementation of FEDERAL-F. However, the advantage of the CRESH function is that it
allows different AES between good i sourced from either region, and its imported
counterpart. Hence, notwithstanding that the Armington parameters on the input demand

functions are not currently set to generate differing AES in the current implementation of
FEDERAL-F, the CRESH form for the domestic/import twists given by Equations (E2.18.5)

- (E2.18.9) has been incorporated in rp¡pReL-r' nevertheless. Future applications of the
model may require different AES across sources, and particularly between the various
domestic sources and the imported source. Equations (E2.1S.5) to (F,2.18.9) above

anticipate this possibility, and allow for more of the adjustment to meet a given aggregafe

import target to be met by the domestic source with the higher elasticity of substitution vis-
à-vis the foreign source, in such circumstances. Making the obvious notational changes,

Equations (E2.18.5) to (E2.18.9) correspond to Equations E alrwisto to E rwist3 in
Section 16 of Appendix A.

Commodity demands by source, by state and Commonwealth governments are typically
determined exogenously as part of the closure of the government accounts. Hence the
demand for commodities by government for current consumption are not subject to
changes in the preference for local goods vis-à-vis imported goods via changes in import
twist terms.

The commoclity specific twists (nuist_srcr¡,,.) which appear in Equations E_altwisto,
E-altwistu, and so on, are determined by Equation EJtwist_srcr. Under the standard

comparative-static closure the commodity and region-specific import twist shifters

(ftwist-srcri.r) are endogenous, and twist_srcr¡,r, tvvist_src_bar, and ftwist_src¡ are set

exogenously equal to zero. In moving to the historical or forecast closures, the volume of
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aggregate imports (xMnat) is swapped from endogenous to exogenous, and the economy-

wide import twist shift variable (twist_src_bar) is swapped from being exogenous to

endogenous. Equation E_twist_srcr is then brought into operation by swapping the

endogenous/exogenous status of ftwist_srcr¡,, àttd twist_srcr¡,,. The variable twist_src_bar

then imposes equal percentage point changes on each commodity specific twist variable in

order that the exogenous import volume target is met. The term C_TWIST_SRC x

(x_total, - gdp_real) imposes an extra cost-neutral twist in favour of imports for those

commodities that are experiencing high rates of growth relative to the real growth in GDP.

This is a technique employed in the MoNASH model which allows, for a given simulation,

more of the adjustment to meet an exogenous import volume target to be placed on those

commodities that are experiencing more rapid rates of output growth relative to GDP. The

strength of the extra twist is govemed by the value of the parameter C_TV/IST_SRC. The

purpose of this term is to capture the idea that a rise in the output of commodity i will also

be associated with rising imports of i - unrelated to changes in relative prices - but arising

from shortages and lengthening queues for the domestic product (Dixon, Menon and

Rimmer 2000). This parameter can be set equal to zero to remove this dampening term.

2.18.2 Inter-regional preference twists

During historical simulations of the model, it will often be desirable to determine

exogenously the commodity outputs of one region. This is facilitated in r¡oBRnL-r by the

introduction of cost-neutral twist terms that change, for domestic agents, the ratio of their

usage of region l-sourced commodities to region 2-sourced commodities. During

historical simulations, these variables can be set endogenous, with the output of the

corresponding commodities for one of the two regions then being determined exogenously.

Across all users, the twist term imparts cost-neutral shifts in the ratio of the purchases of
the commodity from the two domestic sources, such that the exogenous output target is

achieved.

The derivation of the inter-regional sourcing twists follows a similar logic to that used to

derive the Australian / foreign sourcing twists (See Section 2.18.1). The question asked in

this case is: what values for a, , e2, and c, will produce a change in the ratio of the usage

of region I to region 2 sourced goods of r per cent (t = xt -xr) while at the same time
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leaving unchanged both the price of acquiring an effective unit of x and the demand for
x, That is, find at ) a2, and a, such that:

S,ø, + Srar+Srar=0

t=xr-x, and

(F'2.t8.12)

(E2.18.13)

(F,2.18.14)

(E2.18.1s)

(E2.18.16)

(F,2.r8.17)

(E2.18.18)

(E2.18.1e)

az-at a, -lS ooo -0
k

Following the same procedure used to derive the Australian I foreign sourcing twist in
Section 2.18'I, the CRESH demand function (at given prices) for source-specific
commodities I and 2 is substituted into condition (E2.1S.13). Simplifying the resulting
expression, and expanding condition (E2.18.14), provides the following linear system:

Where þ,: Si(o,-or)*t- a,, þ, =Sr(o, -or)-I+or, þr=Sj(o, - or), ú,=o,.Si,
Ó, = orSi, and þ, =l- õt + ørS, .

Solving (E2.18.15) - (82.18.17). for a, a2, and a, and then substituting these into the

twist equations forthe each of the three sources (that is, Equations (E2.1S.9) - (E2.1S.11)
in Section 2.I8.l,provides the foliowing twist equations:

S,ø, + Sra, +,Srø, = 0

þra,*þrarrþfl:=t
úra,*ûrar*þrar=0

Domestic source 1

Domestic source 2

Domestic source 3:
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These twist equations have not been introduced into ppoBRRL-F as explicit equations.

Rather, the right-hand sides of the first two of the above expressions have been appended

to the demands for Australian-sourced commodities for use as intermediate inputs, inputs

into capital creation, and inputs to household consumption. Specifically, for each of these

three users, the demand equations for each domestically sourced commodity are appended

bytermswiththeform (T, -S,/(S, *Sr))r. \ has avalueequalto l fors:1, or0 fors

: 2 (rest of Australia), and So is the share of the relevant commodity sourced from region fr

in the total usage of the commodity by the user in question. With T, = I this expression

corresponds to (E2.18.18), and with \ = 0 the expression corresponds to (E2.18.19).

The twist terms on domestic demands are determined by Equations E_,fttvist_is1 (twists on

intermediate input demands), EJnuist_is2 (twists on demands for inputs to capital

formation), and EJtwist_is3 (twists on household demands). Under the standard short run

comparative static closure, the domestic twist variables twist_isl¡¡,,, tyvist_is2ij,r and

twist_is3i,, are exogenous, and these three sets of equations determine the shift variables

ftwist_is1¡¡,,,ffwist_is2i¡,, andftwist_is3¡,,. Under the historical closure, the endogenous /
exogenous status of these variables is swapped. The variable twist_isbot¡ is exogenous

under the standard short run comparative static closure, and Equation 01fi_twist_isbot

determines the shift variable fi_nuist_isbot¡, which appears in no other equation in the

model. Under the historical closure, the inter-regional twists are brought into operation by

setting twist_isboti endogenous. This is achieved by either setting exogenous the

corresponding elements of fx_tot¡, or by bringing Equation E_twist_isbot into operation by

setting the corresponding elements of fi_nutst_lsóol exogenous. Hence, under the former

closure, Equation U1fi_twist_isbot remains inoperative, due to the endogenous status of

fi_nuist_isbot¡. However under the latter closure it operates to impart cost-neutral inter-

regional sourcing twists to each commodity classified within those commodity sectors the

output of which has been determined exogenously. The equation can be instated to ensure

that the twist to each commodity (within a given commodity sector) is either identical to all

other commodities within that commodity sector (XIS_DAMPI : XIS_DAMP2 : 0) or

deviates by some proportion of the difference between the rate of growth in the commodity

and either real GRP at factor cost (XIS_DAMPI + 0) or the rate of growth of the output of
the commodity sector (XIS_DAMP2 +0). In the historical simulations undertaken in

Chapter 4, XIS_DAMP2 has been set equal to 1 (with XIS_DAMPI : 0). Equation
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E1Íi-twist-isbot can also be used in simulations in which region-specific commodity
outputs are determined endogenously, and instead the inter-regional sourcing twists are

used to determine exogenously some element of the regional macroeconomic accounts
(such as the inter-regional balance of trade surplus). In such cases, the relevant elcment of
the regional macro accounts is determined exogenously, and, ftwist_isbot is determined
endogenously. The endogenous / exogenous status of twist_isbot¡and,fi_twist_isbot¡would
also be swapped, thereby bringing Equation EiÍi_twist_isbot into operation. The term

XIS-DAMPI x (x- btal,., - r-grpfc,) i-por., an extra cost-neutral twist in favour of the

output of region 2 for those commodities produced in region I that are experiencing high
rates of growth relative to the rate of growth in the region's real gross regional product at

factor cost. This term is the analogue of the dampening term in Equation EJnuist_srcr.
Again, the dampening term expresses the idea that, for given relative prices, rising output
of i from region 1 will be associated with shortages and queues for the commodity, and
hence rising imports of i from region2.
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3 SppCIFICATION OF DATA SET AND PARAMETER VALUES

FOR FEDERAL-F

3.1 OvBnvIEw

3.1.1 Overview of the structure of the FEDERAL-F database

Figures 3.1 through to 3.7 provide a sunmary of the basic structure of the ¡eonn¡,1-¡

database. Broadly, the database can be divided into a multi-regional input-output database

(Figure 3.1), and a number of ancillary parameter and data sets (Figures 3.2 - 3.7). The

structure of the input-output database has changed little from the original FEDERAL model.

The key difference is the inclusion of the phantom tax matrices, TAX1F¡,.;,, - TAX6F¡,..

These matrices record the phantom tax paid on the corresponding basic value flows, which

are recorded in the matrices BASl¡,r;,, - BAS6i,..

Every coefficient represented in Figure 3.1, other thanMZ¡6s, is described in Appendix C.

A detailed description of the structure of the multi-regional input-output database is also

provided in Madden (1990). Hence, only an overview of the structure of the input-ouþut

database is provided here. The first feature to note is that six broad categories of user are

identified: firms producing current output; capital creators; households; foreigners;

regional goveÍtments; and the Commonwealth Government. All users, other than the

Commonwealth Government and foreigners, are distinguished by the region in which they

are located, 166. Current producers and capital creators are further distinguished by

industry tpe, j. These users purchase i commodity types, which they can source from s

origins. The matrices of the first row in Figure 3.1 then record the basic value of sales of

commodity i from region s to six broad user types, with these user types being further

65 The coefficient MZ(i) records the aggregate duty payable on imports of commodity L The basic values of
imports are recorded in the basic value matrices BASI - 8A56 as c.i.f plus duty. Hence, subtracting MZ(i)
from the basic value sum across users and regions of imported commodity I provides the c.i.f. value of i.
uu Figure 3.1 is d¡awn for the current implementation of ¡goERAt--p, which features two domestic regions.
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distinguished (as appropriate) by both the region in which they are located and their

industry type.

The matrices in the second row (MARIi,r;,,.,r,, - MAR6;,r,r,¡) record the value of the margins

that are associated with the basic value flows recorded in the first row. There are ar types

of margins identified in the model, and these can be sourced from any of the model's I

domestic regions. Margins are distinguished not only by the type and source of the

margin, but also by the location and type of agent purchasing the source-specific

commodity with which the margin service is associated. Hence, the second row of Figure

3.1 records the value of margin service type u, sourced from region /, on purchases of

commodity i from source s, with these data further distinguished by both the type and

location of the purchasing agent.

The matrices in the third row of Figure 3.1 record the government commodity taxes

associated with the basic flows recorded in the corresponding matrices of the first row.

There are no commodity taxes levied on the current consumption purchases of either

regional government or the Commonwealth Government. However, commodity taxes are

levied by g different governments on purchases by all other categories of user. The first g-

1 govemments are the r regional governments. These governments each levy commodity

and source specific taxes on purchases by agents operating within their jurisdiction6T. The

fh gove-ment is the Commonwealth Govemment, which also levies source-specific

commodity taxes on agents operating in all regions. (or on exports from either region, in

the case of TAX4¡,.,*). Hence the third row of Figure 3.1 records very disaggregated

information on commodity taxes, with these data being distinguished by the govemment

levying the tax, the type and origin of the commodity on which the tax is collected, and the

type and location of the agent making the purchase on which the tax is levied.

ut While the indices on TAX4(i,s,g) provides for regional government commodity taxes on exports, the
values for these taxes in the database are zeÍo.
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The matrices in the fourth row of Figure 3.1 record the value of the phantom taxes

associated with source-specific commodities purchased by each type of user. Unlike their

treatment in the MoNASH model, phantom taxes in FEDERAL-F are allowed to carry forward

and fluctuate from year to year. Hence, they are given a permanent place in the

diagrammatic representation of the multi-regional input-output database.

Value added by regional industry is distinguished by four basic types of factor income:

wages, capital rentals, land rentals, and working capital rentals. Wages are divided into

post-tax wages (MUlq;,), PAYE tax payments (MU2oj,.), and payroll tax payments

(MU3q¡,,). The values in these matrices are recorded not only by regional industry, but

also by q occupational types. Gross capital rentals are similarly divided into post-tax and

tax components. MVl¡¡,. records the net rental receipts accruing to owner type fr from

capital in regional industry j,r. MV2¡;,. records the Commonwealth income tax paid on

these rentals, and MV3¡,.¡,, records any property taxes paid. Gross land rentals are divided

into after-tax returns (Mv/lkj,) and Commonwealth income taxes (MV/2¡;,.). Returns on

working capital by regional industry are recorded in MX3¡,.. This matrix does not have an

ownership dimension, with aggregate ownership of working capital instead being recorded

in the matrix OXX3¡ (See Figure 3.6).

Figures 3.2 through to 3.7 summarise the remaining rEleReL-¡ data sets. These record

various parameters and elasticities, and other data relating to base year activity that are not

included in the multi-regional input-output database.

All the parameters and coefficients other than GAMX, INTA, and FMM, listed in Figure

3.2have their counterparts in the elasticities and parameters file of the original FEDERAL

model. GAMAi is a vector of the negative of the inverse of the export demand elasticities

by commodity. These elasticities provide the values for the coefficient GAMMA¡,

described in Appendix C. GAMX records the negative of the reciprocal of the economy-

wide non-traditional export elasticity, which provides the value for the coefficient

GAMMAN described in Appendix C. FRIS records the value of the Frisch parameter,

used in evaluating household own- and cross-price elasticities of demand and in calculating

the change in the subsistence component of household consumption. The next four

matrices are used to evaluate the Armington elasticities governing substitution possibilities

faced by each non-goverrrment user between the various sources of each commodity type.
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The elasticities that are recorded in the matrices SIGI¡,. to SIG3¡,, are those relating to

<iomesticiforeign substitution possibiiities. The coefficient IN-TA is a multiplicative factor

that is used in evaluating ZIGI¡,,¡,, - 2IG3i,",,. It allows a different Armington elasticity to

exist on domestically sourced goods relative to foreign sourced goods (See Section

3.1.6.1). The matrix MBUD¡,. contains values for marginal budget shares by commodity

for each regional household. The matrices FMM;,nu,, record consumption by household r of
FEDERAL-F commodity i cross-classified with consumption of national accounts

commodity na. These data facilitate the exogenous determination of household

consumption by commodity in the historical simulations.

Most of the matrices described in Figure 3.3 data file also have their counterparts in the

FEDERAL model. Many of these matrices are described in Section 2.7 .l and Section 2.8.1

(Regional and Govemment accounts) and so are not described again here. Data on

Commonwealth and regional government gross fixed capital formation by region are

contained in matrices BCIN, and BSIN, respectively. Commonwealth and regional

government net foreign debt are recorded in the matrices FDDT and STDT, respectively.

The net interest payments associated with this net debt are recorded in the matrices OSIF

and OSI& respectively.

The matrices listed in Figure 3.4 contain the parameters and data required to operationalise

the rate of return and capital accumulation theory described in Section 2.6. The coefficient

MI-IRF is the reciprocal of the slope of the economy-wide capital supply function in the

vicinity of Gl -Gjr"na¡ (1/Min Section 2.6.12). Trend capital growth rates by regional

industry (given by 6(r*"al' in section 2.6.12) are stored in the matrix GRSB.,. The

difference between trend capital growth rates and maximum capital growth rates is stored

in DIFF. The regional industry specific coefficients goveming the speed with which the

adjustment mechanism given by Equation E_d_diseq retums actual rates of retum to

equilibrium rates of retum are stored in ADJC¡,.. The real rate of interest is stored in RINT.
The levels of the national CPI at the beginning and end of the databasc ycar are stored in
LCPL and LCPI respectively. The vertical shifts in regional industry supply curves are

stored in the matrices FSEU, FSER., FSEI.¡,. and FSEJ¡. The asset values of regional

industry capital stocks at the start of the database year are stored in VCAP¡,,. The normal

rates of return on these capital stocks are stored in RORN¡,.. Depreciation rates on capital
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by regional industry are stored in the matrix DEP¡,,. Capital asset prices by regional

industry relating to the start of the database yeaÍ, the end of the database year, and the

average of the database year, are stored in matrices PCAP¡,,, PCPl.¡,. and PCPM.¡,.

respectively.

The matrices described in Figure 3.5 represent the parameters and base year data required

to operationalise the ¡eoeR¡L-r' inter-regional migration theory. The value stored in

BYGP is the base difference between regions in the measure of per-capita income to which

inter-regional migration responds. This is set so as to generate some given level (in the

present application, zero) of desired inter-regional migrants in the initial year (See Section

2.16.4). The matrix POP0, stores the populations aged l5-plus in each region in the

benchmark year (this is the coefficient BASE_I5_PLUS, in the equations in Section 14 of
Appendix A). The net migrant population aged 15-plus in the database year is stored in the

matrix MIGR. The.location preference parameter is given by LOPR, and the adjustment

coefficient governing the speed with which actual migrant numbers converge to desired

migrant numbers is given by ADCM. The initial home region population and initial

migrant numbers are stored as perrnanent values in INHM and INMG respectively. These

coefficients are used to calculate the Y-intercept of the inter-regional migration function

(the coefficient "A" in Equation (82.16.1) of Section 2.L6.3.4) as

A=LOPR"(n[HU+INMG). Regional participation rates are stored in PPRT., and

regional unemployment rates are stored in URAT,. Regional natural population growth

rates are stored in the matrix NATG.

The matrices listed in Figure 3.6 contain data related to the net foreign assets held by

regional households, ownership of working capital across the various owner classes, the

foreign currency value of other net income, and the nominal exchange rate. The matrices

FNAT. and FNIR, record (in foreign currency terms) regional household foreign net assets

and the net returns on those assets respectively. The level of the exchange rate is recorded

to allow for the conversion of household and government net foreign asset and net return

accounts to domestic currency values. Data on the ownership of working capital,

distinguished by regional households and the remaining classes of owner (regional and

Commonwealth governments, and foreigners), are stored in OXX3¡. The foreign currency
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value of other household net income (OHHNI,) is stored in OHNI,. This is converted to
Austraiian doliars using the index of the exchange rate stored in PHL

The matrices listed in Figure 3.7 contain data related to the operation of the labour market

adjustment mechanism (See Section 2.12.14). These data provide input to the model only
during deviation simulations, although they are generated during the historical and forecast

simulations. As described in Figure 3.7 , the data stored in these files are: the index value

for the real national consumer pre-tax wage (RV/AG); the index value for national

aggregate employment (EMPT); and the value of the parameter governing the speed with
which aggregate employment in the deviation run retums to its forecast value (ALPH). In
the deviation simulations, four logical file names containing the data listed in Figure 3.7

are used, in order to facilitate file management in GEMPACK. These logical names are

listed in the first column of Figure 3.8. Figure 3.8 contains the actual physical files

represented by the four logical file names over a hypothetical deviation simulation

commencing with a policy shock to the model in the year 2000. It is clear from Figure 3.8

that there are two sequences of physical files. These files contain the values for the

coefficients in Equation (82.12.6) in Section 2.12.14. The first sequence (LM9S - LM03)

contain (in addition to the value for o, ) the values for the coefficients .W,tn"ni'r 
- Wjifj"r and

Elïi' - Et".'ri' used in the evaluation of Equation (82.12.6). The values in LM98 - LM03

are generated during the base historical / forecasting simulation, and are not updated during

the deviation / policy simulation. The second sequence of files (LM98 - LM03.) is a

mixture of files generated during the historical / forecasting simulations (for t-I and t-2)
and files generated during the deviation / policy simulation (for / to t + n). This sequence

of files contains the values for w,tnl',"r - wj#' and nfljil - E!ï:, used in the evaluation of
Equation (82.12.6). The final column in Figure 3.8 lists the coefficients (see Equation

82.1,2.6) that are read in from each file at each step of the deviation / policy simulation.
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Figure 3.8

File naming and management for the labour market adjustment mechanism

Logical file
name:

Year Coeff,rcients read in
(See Equation
(F,2.12.6) in Section
2.r2.14)

2000 2001 2002 2003 2004
Physical Jìle nome for input files:

LAB LM99 LMOO LMOl LMO2 LMO3 WIo'"1 V/,t_!*t Btr*l
LAB3 LM99 LMOO LMOl L}/IOZ LMO3 y¿{Baseì W,iÌ*O Et""'.,

LAB4 LM98 LM99 LMOO LMOl LMO2 V/ IDev]
¡-2

LAB5 LM98 LM99 LMOO LMOl L}J4O2 w,lT*'
- uploler$les generflled dl end of each devinlion run:

LMOO LMOl L}ÍdO2 LMO3 LMO4

3.1.2 Overview of the compilation of the Tasmanian / Mainland FEDERAL-F database

A lg92l93 database for a Tasmanian / Mainland version of the FEDERAL model (hereafter

the "initial database") formed the starting point for the compilation of the database used to

operationalise the Tasmanian / Mainland version of lsoeRll--p. The methodology used to

construct the initial database is described in detail in Madden (1990). Referring to Figures

3.1-3.7, this initial database consisted of a two region input-output database (absent the

phantom tax row) (Figure 3.1), the file containing elasticities and other parameters (Figure

3.2), and the government accounts data file (Figure 3.3). In constructing the FEDERAL-F

database, the data in these files were subject to a number of changes. These changes are

described in the remainder of this chapter. Furthermore, files containing data relating to

investment and capital (Figure 3.4), regional populations and labour forces (Figure 3.5),

the household accounts (Figure 3.6) and the labour market adjustment mechanism (Figure

3.7), were added to the database. The construction of these databases is also described in

the remainder of this chapter.

3.1.3 The multi-regional input-output database for nPnBR¡l-n

3.1.3.1 Overview

The starting point for the development of the FEDERAL-F input-output table v/as an existing

Igg2l93 input output database for a TasmanianAvlainland implementation of the FEDERAL

model. A number of changes and additions were made to this database, and these are
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outlined below. The first of these involved relatively minor changes to the existing data to

remove apparent anomaiies in some basic vaiue and sales tax matrices. The second set of
changes involved more fundamental adjustments to both labour I capítal ratios (both within
industries and regions), and the allocation of regional investment across industries.

Finally, phantom tax matrices did not exist in the original peo¡nRl database, and so these

were added to the new FEDERAL-r database. The values in these phantom tax matrices

were set equal to positive numbers that were sufficiently small that they left the balance of
the database effectively unchanged.

3.1.3.2 Removøl of negøtiveflows in the FEDERAL database

A handful of cell entries in the basic value and margin matrices of the initial database have

small negative entries. Such negative flows do not make sense from the perspective of
either model's theory, and so should not be present in the initial database. However, they

present no problems in comparative-static simulations of the model, unless the model user

is interested in the deviation results from these user and commodity-specific base flows.

However, in year-on-year historical simulations of the model, in which inter-regional

sourcing twist variables are determined endogenously, they do present a major problem.

Hence, one of the first steps in constructing the FEDERAL-F database was to eliminate these

small negative entries. This was done by first resetting any negative basic value flows
equal to 0.001, and then re-setting any negative margins equal to 0.0001. The original
values for the negative flows were sufficiently small that this simple resetting of the values

had no material consequences for balance of the input-output database.

3.1.3.3 Removal of inter-regionøl purchøses of Dwellings

The initial database has a purchase of "Dwellings" services by the Tasmanian household

from the Mainland region. While one might possibly rationalise this as a purchase by
Tasmanian visitors and tourists to the Mainland, this seems unlikely given that a

corresponding purchase of Tasmatriatr Dwellings by Mainland households does not also

exist in the database. The purchase is small relative to total Tasmanian consumption, and

small relative to Mainland consumption of Dwellings. This purchase was eliminated from
the database, and the value of the sales transferred to the Mainland household's purchases

of Mainland Dwellings. The tax matrices (TAX3) were adjusted accordingly. While this
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transfer reduced Tasmanian consumption marginally, and increased Mainland consumption

marginally, it had no consequences for database balance. After the transfer, the share of
Dwellings in total household consumption remained approximately equal in both regions.

3.1.3.4 Re-estímøtion of søles tax matríces.

The sales tax matrices in the initial database contain some suspicious entries: in particular,

in a number of cases the Commonwealth taxes on some flows are the negative of the

Tasmanian taxes on the same flows. This suggests that in deriving the initial database, the

Tasmanian data had been subtracted from a national figure, and the residual negative

balance left as a negative Commonwealth sales tax. This has been rectified by applying

MoNASH model commodity tax rates to the basic value flows in the initial database. This

procedure is described below.

The ir,roNnsu database contains data on commodity taxes paid on 115 commodities from

two sources: Australia and overseas. The level of government levying the tax is not

distinguished. The first task was to aggregate each of the MoNASH commodity tax matrices

and basic value flow matrices to the 37 commodity / industry classification used in

FEDERAL-F. This was done using the concordance in Appendix E. MoNesu model

commodity tax rates on user and source specific commodity flows (MRATEli,r; -

MRATE4i ,r, i:\,...,37, s:|,...3, r:1,2)68 were then calculated by dividing these aggregated

MoNASH tax matrices (MTAXl¡,kj - MTAX4¡, i:1,...,I15, lÄ,2, j:1,...,113) by the

corresponding aggregated MoNASH basic value matrices (MBASli,kj - MBAS4i,

i:1,...,115, lFl,2, j:1,...,113). However a condition that had to be met before this rule

was applied was that the basic value flow in the aggregated tr¡oNess data had to be greater

than $2m. The reason for applying this rule was that some very small basic value flows in

MoNASH were found to nevertheless be associated with relatively high commodity tax

payments. This implied very high rates of taxation - so high that they were clearly

incorrect. An extreme example of this was the tax paid on usage of Tobacco by the Air

transport industry. The basic flow here was only $0.0085. However on this were levied

sales taxes of $40.8 m. Applying this sales tax : basic flow ratio to the FEDEIAL-F basic

flow data would have produced an untenable estimate of the associated commodity tax

ut Rates for Re,oEnRL-F sources s : 1,2 rvere set e qual to rates for MONASH source k = I . Rates for rrogReL-R
source s : 3 were set equal to rates for MONASH source /r: 2.
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payable. From visual inspection of the MoNASH data it was clear that these high ratios only
occurred where the basic value flow was small (generaliy less than 1). The rule that was

adopted was that where a basic value flow in the tvtoN¡stt database was found to be less

than $2m, the tax rate on that flow was set at the average tax ratc for all users of the type in
question. For example, the tax rates on intermediate input purchases were calculated as:

MRATEli,t,., = MTAXl,,oon,,t/MBASli,ron,,¡ (lUnASqo" 
".,¡ 

2 2)

MRATEl,,,,, =
llurex1,',
Js (vnASqo",,,¡.2) r€coM, t€REG, jettto.

)f uens1,,,,
s

MRATE li,Row,j = MTAXl i,R"*,, /iUeRS 1,,oo*,.¡ (nAeRS t,,o"*,, 
= 

2)

MRATEli,Row,j =
IIMrAXti,,,j
Js

l)unesr,,.,,
(vteast,,*"*,, .2) l€coM, J €lND.

Js

At this stage the MRATE matrices do not distinguish which level of government is levying

the tax. The first step in rectiffing this was to distinguish those FEDERAL-F commodities

that are taxed largely by regional governments only. These commodities are: 1 1.

Beverages and malts, 25. Electricity, 26. Other utilities, 33. Finance, 36. Community

services, znd 37. Entertcinment and recreaticn. Both the Common'*'ealth and regional

governments tax sales of Petroleum. A 20180 split was imposed in dividing this tax

between the two government levels. The remaining commodities are taxed largely by the

Commonwealth Government alone. Having divided commodities in this fashion, it was

then possible to estimate the FEDERAL-F tax matrices. By way of example, the initial
estimates of the FEDERAL-F commodity Lax matrices on intermediate purchases were then

calculated as follows:
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TAX1 P.t ol"un1,s,j,r,Fed 
:

0.8 x BAS lpetroreunr,s,j,r X MRATE1

TM1,,,,¡,,,, = BAS 1,,.,r,. x MRATEli,r,j l€STAX, s€SOU, J €IND, r€REG

s€sou, J €lND, r€REG.

s€sou, J €lND, r€REG.

sJ

TAXI P"t ol"un',s,¡,r,r =

0.2 x BAS lp"oor.un,,.,¡,, x MRATEli,r,j

Where crAX is the set of commodities that are only taxed by the Commonwealth; and

STAX is the set of commodities that are only taxed by the regional governments.

After this procedure, the column sums for the TAX1 matrix no longer equalled their

original values. Hence the database was out of balance. This was rectified by re-scaling

the column values of new TAXI matrices by the ratio of the column sums of the old TAX1

matrices to the column sums of the new TAXI matrices.

This approach was used to re-estimate each of the R¡pnRq.L-F commodity tax matrices.

The only complication was in the estimation of the TAX4¡,,,g matrix, where only the

Commonwealth Government is allowed to levy export taxes. In terms of applying to this

case the basic routine used to estimate TAXl¡,.;,r,g as outlined above, this was a simple

matter of setting crAX : cov and srAX : Ø for this calculation.

3.1.3.5 Adjustment to capitøl / labour ratios, hoth at the índustry level and economy-

wide.

A comparison between the initial ¡¡oBn¡L database and the MoNASH database of industry

capital / labour ratios revealed some large differences for a number of industries. Only a

single year separates the years to which these two databases pertain - insufficient time to

account for the large differences in their industry-level capital / labour ratios. At the

economy-wide level, the two databases also differed in the shares of returns to capital and

land in total returns to capital and land. Referring to ABS state accounts data (ABS

1998b), the shares of returns to labour and capital in total returns to labour and capital were

constant, at the national level, between 1992193 and 1993194. It seems fair to expect then
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that at both the economy-wide level, and at the national industry level, labour / capital

ratios in r¡oeRel-r should correspond with those in the MoNASH modei. However, one

might expect to find differences in Tasmanian labour I capital ratios, both in aggregate and

at the industry level, from their national counterparts. Hence, a number of steps were

undertaken to adjust aggregate FEDERAL-F labour I capital ratios towards the values of
MONASH labour I capital ratios, while still retaining the existing information in the initial
database on Tasmanian labour I capital ratios by industry. These steps are described

below.

The first step was to calculate the tuoNasu shares of economy-wide returns to capital and

labour in total returns to capital and labour. These ratios were then applied to the total of
existing returns to capital and labour in each region of the initial FEDERAL-F database. This

provided starting target aggregate returns to capital and labour for each region. However,

at this stage in the procedure, both Tasmania and the Mainland have identical target capital

/ labour ratios. This contradicts ABS data on this point, which indicate that the Tasmanian

labour I capital ratio in 1992/93 was approximately 160/o higher than the Mainland ratio.

Hence, the next step in the procedure was to impose a cost-neutral twist towards labour in

the aggregate target Tasmanian labour I capital ratio. Hence, the final targets for aggregate

returns to labour and capital left the Mainland with a labour I capital ratio equal to that of
the ltoNnsu model, while leaving Tasmania with a labour I capital ratio approximately

lío/ohigher than that of the Mainland.

The next step in the routine was to move the capital / labour ratio for two industries

(residential building and other construction) in both regions towards the tr¿oNRsH values

for these inciustries. Activity in both these industries is sensitive to changes in economy-

wide expected rates of retum, because of their role in capital creation. Hence I was keen to

have their capital / labour ratios reflect those of the corresponding industries in l¿oNRsu.

For these industries, the relevant entries in the six matrices distinguishing post-tax returns

and tax payments on labour and capital (MUl - MV3) were adjusted so as to impose upon

them the labour I capital ratio from the corresponding industry in the MoNASH model,

while leaving unchanged the value of payments to capital and labour in total for each

industry. For example, post-tax returns to labour in residential building were set equal to:
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qeOCC
reREG

'Where MUlS:äf.. is the new value for post-tax retums to labour in residential building

and tvtutlütluo,,o,. i, its original value, LABffËï1] is the value of total returns to labour in

residential building in r¿oNlsu, LAB[",H",|],. is the original value of total retums to labour

in residential building in region r in r¡o¡nRr--r, ff$ififl/u,, is the original value of total

payments to labour and capital in residential building in rEoenRL, and KLt*Ë"',',Ì is the

MoNASH value for the same. This procedure was then applied to the relevant columns of
the remaining matrices from MU2 through to MV3. For example, the MV3 matrix for

residential building was adjusted as follows:

N'ufl:ä.i*, = MUll?:lJ*", " [ffi]' lffi]

t e OWNERS
reREG

Where KAPÁ},"JJ,ì:) is the value of total returns to capital in residential building in

vroNRsH, and KAPÁ::åilïì, is the original value of total retums to capital in residential

building in region r of npo¡ReL-¡.

Finally, an iterative bi-proportional re-scaling of the six matrices MUl - MV3 was

undertaken. Within each iteration, the first step was to re-scale the three labour matrices

and three capital matrices, within each region, so that their sum over industries equalled the

target aggregate regional returns to labour and capital, as discussed above. However, this

leaves total retums to labour and capital, for each regional industry, different from its

starting value, making the database imbalanced. Hence, the second step within each

iteration was to re-scale the elements of each regional industry column (over the six

matrices) so that the resulting ne\M (re-scaled) column sum was returned to its original

value. The final step in each iteration was to reset returns to labour and capital in

residential building and other construction equal to their new values as described in the

previous paragraph. Hence, at the end of each iteration, the database is re-balanced, and

labour / capital ratios in residential building and other construction are reset to their
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imposed values. However, within each region, the distribution of aggregate returns to
laboi¡r an,J capital 'oetw-eeii labour and capitai individuaiiy might diverge trom their target
values' However, repeating these steps a sufficient number of times (ten times was found
to be adequate) left the database balanced, with aggregate returns to labour and capital in
each region equal to their target values.

The next set of adjustments were made to Mainland labour I capitalratios by industry. The
objective of these adjustments was to move the values of these ratios towards those of the
corresponding voNnsu industries. Again, an iterative bi-proportional re-scaling method
was used. During these iterations, value-added by Mainland industry, and the sum across

industries of each of the seven value added matrices individually (MUl-MV3 and MX3),
were constrained to equal their original values. The first step in this procedure was to re-
scale the individual factor shares (labour, land, capital and other costs) in total value added

by Mainland industry to equal the factor shares of their MoNASH counterparts. This step

left value added by Mainland industry unchanged, but caused the sum across industries of
each of the seven value added matrices to diverge from their original values. It was at this
stage that the iterative rescaling procedure was applied. The first step in each of these

iterations was to re-scale (across the rows) the elements of each of the seven value added

matrices, returning their sum across industries to their original values. This step left value
added by industry different from their original values. Hence the second step in each

iteration was to re-scale, for each industry (i.e. up the columns) the values of the seven

value added matrices, thereby retuming these column sums to their original values. Again,
ten iterations were suffrcient to ensure that both the row sums and column sums reconciled
with their target values.

3.1.3.6 Adjustment to regional industry investments.

As is clear from Figure 3.1 , the initial multi-regional input output table contained sufficient
data to calculate gross fixed capital formation by both industry and region. However, the
values of the BAS2¡,r;,r, TAX2;,';,. and MAR2i,sj,r,u,r matrices were subject to some

manipulation before being input to the new FEDERAL-F database. The objective of these

manipulations was to bring the pnp¡RRL-r' values for certain key ratios relating to the
investment and capital theory as close to their MoNASH counterparts as possible, while
retaining as much regional information as possible from the original database.
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Data on investment by region are available from the ABS state accounts. However such

data are not available by industry and region, allowing some flexibility in the allocation of
regional investment across industries in the process of compiling the database. Hence, in

the process of incorporating the original BAS2, TAX2, and MAR2 matrices into the

FEDERAL-F database, while the aggregate value of regional investment was retained, the

allocation of this investment across industries was modified. A key constraint on all the

modifications undertaken to the initial database was to ensure that the structure of the

FEDERAL-F database at the national level departed as little as possible from the structure of
the tr,toNesH database. Since the Mainland accounts for around 98'/o of national economic

activity, this constraint was typically implemented by reserving most modifications to the

Mainland section of the database. V/ith respect to total Mainland investment then, this was

redistributed across Mainland industries so that each received a share of the total that was

equal to the share of national investment received by the corresponding industry in

MoNASH. Recall that by this stage of the database construction routine, both: (i) the share

in npteRRl-p of capital payments in total gross domestic product at factor cost; and (ii)

mainland industry capital / labour ratios; had already been brought in line with their

MoNASH counterparts. Hence, setting Mainland industry investment in RsoBRAI--r in

accordance with the MoNASH shares of industry investment in total investment, left the

investment : capital returns ratios by industry in the two models quite similar. In

determining investment by industry for Tasmania, this ratio was imposed directly. A
calculation was made of the level of investment that would prevail in Tasmania if the

MoNASH ratio of investment to gtoss returns to capital also prevailed in the releRc.L-p

model. These individual industry investments were then adjusted proportionally to ensure

that their sum \ryas equal to the original value for total Tasmanian investment. Hence by

this stage of the database construction procedure, a preliminary set of target levels for

investment by regional industry have been calculated.

The target levels of investment for those regional industries in the set of government

business enterprises is then checked against total state and Commonwealth government

investment in each region. The sum across GBE industries of industry investment in each

region must be at least equal to the value of state and Commonwealth investment grants to

industries in the region (i.e. BSIN. + BCIN.). If this is not the case then the share of
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private investment in total investment in GBE's in the region (Coefficient PRINSH,,, in

Equation E :,,-kap) will be negative: a meaningless number. Hence, at this stage of the

investment adjustment procedure, where the sum of GBE investments in a region is less

than the sum of state and Commonwealth investment grants to industries in that region, it
is necessary to scale the target investments for GBE's in the region upwards until they sum

to at least the exogenously given sum of state and Commonwealth investment in the

region. In scaling the investment in individual GBE industries upwards, an assumption

must be made about what will be the final share of private investments in GBE's. This has

been set at 5 per cent.

Having established the target levels of investment for each regional industry, the final step

is to ensure that the elernents of the database matrices which comprise aggregate

investment (BAS2, MAR2, and TAX2) do indeed sum to the desired level of investment

for each regional industry. An iterative scaling procedure is used to achieve this.

Summing down the column for BAS2, MAR2, and TAX2 for any individual regional

industry provides the value of investrnent in that industry. This value will not initially
accord with the target level of investment for that regional industry. In the first calculation

of the first iteration, each element of a given column is scaled by the ratio of its target sum

to its actual sum. After this first scaling the column sums will equal their target sums,

however the rows sums will no longer equal their original values. The original values of
the row srr*suo must be maintained to ensure that the database remains balanced. Hence in
the second calculation of the first iteration the values of each element of a given row is
scaled by the ratio of the value of its initial sum to the value of its current sum. After this

calculation, the row sums will again equal their target (that is, there initial) values,

however the column sums will now differ from their target values. The second iteration

involves the application of the same procedure as that applied in the first iteration, and so

on through successive iterations until the row and column sums converge to their target

values. Ten such iterations of these manipulations of the investment matrices rwere

sufficient to ensure that the actual row and column sums convcrgcd to their desired level.

69-"' I'or any given row, two row sums are calculated - one within each region. The rescaling across rows is
then undertaken within each region, not across regions.
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3.1.3.7 Adjustments to the bøsic values for Tøsmaniøn exogenous export commodities

Together, FEDERAL-F Equations E jt_rexp and E3_extax require that the basic value flows

of exports in BAS4i,. exceed the values for Commonwealth export taxes in matrices

TAX4¡,,,g. Under certain circumstances the failure to meet this condition will result in a

numerically singular left-hand-side matrix, and the model cannot be solved. The condition

was not met for some elements of the Tasmanian components of these matrices in the

original FEDERAL. However, only very small values of exports and tax collections were

recorded for the offending commodities. Increasing the basic value of exports for the

offending commodities to $0.01 million was sufficient to remedy the problem, with this

adjustment being sufficiently small that no other changes to maintain overall balance were

necessary.

3.1.3.8 Import duties

The values in the duty matrix MZ(t) were rescaled so that their sum equated with the ABS

data on the value of total Commonwealth receipts from import duties.

3.1.3.9 Payroll tøxes

The earlier manipulations to the wage matrices left the value of aggregate payroll tax

receipts in each region slightly different from their values as given by ABS data. To

correct this, the values of the MU3 matrices in each region were rescaled to ensure that

their sums across industries and occupations accorded with ABS government finance

statistics data on state government payroll tax receipts. Balancing adjustments were then

made to each region's post-tax wage matrix, MUl.

3.1.3.10 Propefi taxes

The regional government property tax matrices (MV3) were rescaled to ensure that total

regional government property tax receipts coincided with the ABS data on such.

Balancing adjustments were then made to the net rental matrix (MVl)'
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3.1.3.11 Regional government production tax receipts

The production tax matrix MXI was rescaled to ensure that aggregate regional government

production tax revenues were equal to regional government production tax revenues as

given by ABS goverTrment finance data. Balancing adjustments were then made to the

working capital matrix, MX3. The matrix recording aggregate ownership of working
capital (OXX3) was then rescaled so that its aggregate value was equal to that of MX3. No
adjustment was made to MX2, since the aggregate value of Commonwealth production

taxes in the initial database was broadly in line with the ABS data.

3.1.3.12 Instølløtíon of phøntom tax matríces

The phantom tax matrices TAXIF through to TAX6F were created by entering them in the

multi-regional input output table with sufficiently small values in the initial database year

that they did not materially affect the overall balance of the database. In some simulations
of the model, uniform shifters may be applied to the rates of phantom taxation, hence it is
important that the starting values for the taxes are a uniform proportion of the purchasers'

values of the corresponding flows. Hence the values for these taxes were set equal to
0.00001 of the purchaser's values of the flows upon which they attached.

3.1.4 Parameters and values relating to rates of return, investment, and capital
accumulation

3.1.4.1 Overview

Estimates had to be made of all the values and parameters summarised in Figure 3.4. It is
clear that a number of these do not have a regional subscript, indicating that their values

are set independently of conditions in either region individually. These parameters have

been set equal to their values in the MoNASH model. In particular, MIIRF (M ) and RINT

(*[i*" ) are set equal to the values of the equivalent parameters in voNrss. The FEDERAL-

r parameters DIFF Ñjo't') and ADJ-COEFF1,, (O;) nuu. a rcgional dimension. However

they are also currently set equal to their corresponding (industry level) values in rr¡oN¡,su.
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3.1.4.2 The real rate of interest

The value for the real rate of interest, R',å"" or RINT, is read in from the tr,toN¡,sn

database, and set equal to this value (which is 0.04).

3.1.4.3 The CPI ønd lagged CPI

The levels of the national consumerprice index at the start and end of the databaseyear

respectively: LCPL and LCPI; can be established from Australian Bureau of Statistics data.

The coefficient LCPI is set equal to 109.3, being the level of the consumer price index for

the June quarter of 1993. The coefficient LCPL is set equal to 107.3, being the level of the

consumer price index for the June quarter of 1992 (ABS 1997).

3.1.4.4 The slope of the cøpital supply function in the vicinity of the trend growth rate

The parameter measuring the slope of the capital supply function in the vicinity of

Gj = Gjt*"d", M (or MURF in Figure 3.4), is set equal to 1.00, being its value in the

MoNASH database. This parameter does not have a regional dimension, reflecting the

absence of information at the regional level on the sensitivity of regional investment to

changes in expected rates ofreturn.

3.1.4.5 The difference hetween the maximum growth rate and the trend growth rate in

capitøl

The maximum allowable rate of growth in capital in regional industry;r, Gjt^*)' lsee

Section 2.6.72), is set equal to a fixed amount above the historically normal rate of growth,

6(rrend)r . Trend growth rates by regional industry are stored in the matrix GRSEj,.. The

difference between maximum and trend growth rates is assumed to be uniform across

regional industries. The difference between these two values is stored is stored as DIFF in

Figure 3.4. The value for DIFF is set equal to its tr¿oNRSu value of 0.10.

The calculation of TREND¡,, (stored under GRSEjT in Figure 3.4) proceeds through a

number of steps. First, the quantity of capital corresponding to a year's trend growth in
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capital is calculated for each MONASH industry. These are then aggregated to the FEDERAL-

r industry classification in accordance with the concordance in Appendix E. Base-year

quantities of capital by industry from the MoNASH model are then similarly aggregated to

the r¡onRct--p classification. An initial estimate of TREND,,. is then calculated by
dividing the aggregated quantity of capital represented by a year's trend growth, by the

aggregated base quantity of capital. While these then provide the trend values for the

mainland, trend growth rates across all Tasmanian industries are reduced by 0.003 pointsT0

on these values (that is, trend growth rates are set 0.3 percentage points lower in
Tasmania). The value for the trend rate of growth in the Tasmanian Dwellings industry

was set in a different manner. Tasmania's annual average population growth rate over the

period 1985/86 to 199617 was only 40%o of the national average. To reflect the likely
implications of this for the trend growth rate in Tasmania's stock of housing, a lower trend

growth rate, equal to 40o/o of the MoNASH value for trend growth in Ownership of
Dwellings, has been set for the Tasmanian Dwellings industry.

3.1.4,6 Closing the dffirence between expected and equilibrium rates of return

The parameter governing the proportion of the gap between expected rates of return and

the capital supply function that is closed in each period (O;) i. set equal to its rvroNRsH

value of 0.50 for each regional industry. This is stored as ADJC.¡,, in Figure 3.4.

3.1.4.7 Vertical shifts in the capitøl supply functions

The values of the parameters governing the vertical positions of the regional industry

capital supply functions, p(&m)r, Fáï'', F¿lo*,', andF,!lq')are stored in the matrices FSEI,

FSEJ, FSER, and FSEU respectively. These parameters are assigned initial values of zero

in the database year.

70 Assuming identical rates of growth in labour and capital productivity over the period 1984/85 to 199i 198,
the average annual rate of capital growth in Tasmania appears to have been around 0.003 points lower than
the Mainland.
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3.1.4.8 The value of capital stocks by regional industry

The value of capital stocks by regional industry are stored in the matrix VCAPj,,, and are

estimated from the MoNASH model database. The first step in estimating these data was to

aggregate industry level values for capital and investment from the MoNASH database to

the rpo¡nnl-¡ industrial classification scheme. These data were then used to calculate

ratios of the value of capital to investment by industry. The estimates of the value of
capital by regional industry were then made by multiplying these ratios by the values for

investment by regional industry, as calculated from the rplenqL-F input-output table.

3.1.4.9 Normal rates of return by regional industry

Normal rates of return are read in as parameters in the voNesH model. To calculate

normal rates of return for the 37 n¡prnel-F industry categories, it was first necessary to

calculate a value for returns to capital (CAPITALj) for each of the 1 13 voNnsn industries

that generates the normal rate of retum, RORNI. The tuoNesH static expectations rate of

return formula is given by:

RoR_SE j = (r¡[t + RINT_PT_SE] x

ficerrrer,' (1 - rAX_K_RArnþcer_Ar_r, +
(r - oee, )+ rAX_K_RArE x DEP, )- 1;

(E3.1.1)
j = 1,.. ',1 13

Where

ROR_SEj

RINT PT SE

CAPITALj

TAX K RATE

vcAP_AT_Tj

DEP¡

are static expectations rates of return in year t;

is the static expectations post-tax real interest rate;

are the returns to capital by industry;

is the rate of tax on capital and land income;

are the values of capital stocks at the start of the forecast year; and

are the rates of depreciation of physical capital;

Substituting RORN, for ROR_SE¡, and then manipulating the above expression to solve for

the value of capital retums (CAPITAL_\) that generates a normal rate of return:
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cAprrAL_N =þa*_Ar_r, l(r-rex_r_nnrE)]" @3.1.2)
(nonN, + r)" (r + RrNT_pr_sE) - (t - our, - TAX_K_RAIE x DEp, ) j = r,. .., 1 1 3

Having calculated these values for CAPITAL_\, they were then aggregated into the

relevant FEDERAL-F 37 industry'categories according to the concordance provided in
Appendix E. Next, by returning to Equation (E3.1.1) above, and evaluating it using

MoNASH data classified to the reopRnr-r 37 industry classification, it was possible to

evaluate normal rates of return by nroeul-F industry. Hence, the first step was to set

CAPITALj equal to CAPITAL_\ in this equation. Also, neither the capital tax rate, nor

the discount rate faced by each industry in tr¡oNRsu differs across industries. Hence these

could be input directly to Equation (83.1.1).

Next, depreciation rates (DEPj) for each of the 37 ¡'Eopnnr-r'industries, were calculated as

a capital quantity weighted average of the MoNASH industries of which the ¡eosRAr--n

industry is comprised. These were then input to Equation (E3.1.1).

The value of capital by industry from the MoNASH database (VCAP_AT_I) aggregated to

the 37 industry FEDERAL-F classification, had already calculated been calculated in a prior

step (See Section 3.1.4.8 above). These data were also input to Equation (E3.1.1).

These calculations provided sufficient data to calculate normal rates of return for the 37

FEDERAL-F industries using appropriately aggregated vtoNlsH data. The final step was to

simply set the normal rate of return for each industry in each region (RORN;, in Figure 3.4)

equal to these national tr,toNlsH normal rates of return by FEDERAL-F industry.

3.1.4.10 Cøpital asset prìces by regional industry

Capital asset prices for the beginning, end, and average, of the database year aÍe required.

These are stored as PCAP1,,, PCPl¡,, and PCPI\4¡,, respectively in Figure 3.4. The database

for the 1997 tr¿oNesg model contains capital asset prices for the year t-2; that is, the

beginning of the year 1992193. These are used to estimate the ppoER¡L-F start of year

capital asset prices. For each regional industry, its start of year capital asset price is set

equal to a weighted average of the lagged asset prices of capital for those MoNASH industry

categories subsumed within in it (See the voxasH / FEDERAI-r industry concordance
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Appendix E). The weights used are calculated from the MoNASH data on capital quantities

by industry. The weight on each MoNASH lagged capital asset price is set equal to the

share of the quantity of capital in that industry in the total quantity of capital in the broader

FEDERAL-F industry category under which it is subsumed.

Capital asset prices at the end of the database year (PCP1) are also calculated directly from

the voNesu database. FEDERAL-r end of year capital asset prices are equal to the MoNASH

start of year capital asset prices. First, both the quantity and value of capital by industry

from the MoNASH database were aggregated to the FEDERAL-F industry classification. End

of year capital asset prices by neoeRel--r industry were then calculated by dividing the

reclassified MoNASH value of capital by the reclassified MoNASH capital quantities. End of
year capital asset prices in each region were then set equal to these values.

Average year capital asset prices (PCPI\4,.) are set equal to beginning of year capital asset

prices multiplied by six month's worth of the growth in such prices established by the

values of PCPl¡,, and PCAP¡,,.

3.1.5 Regional population and labour force

3.1.5.1 Base yeør income gøp.

As discussed in Section2.16, inter-regional migration in ¡¡leRRL-F is driven by deviations

in the difference between regional expected per-capita income away from its base

difference. This base difference is calculated from the 1992193 data by first evaluating

Equation (F'2.L6.13) in Section 2.16.3.8 for both regions. The difference between this

income measure for the Mainland and Tasmania is then calculated. This difference is

stored as a perrnanent (non-updated) parameter as BYGP in Figure 3.5.

3.1.5.2 Base yeør populations

The base year population aged 15 and over in each region is stored as POPO, in Figure 3.5.

These data are calculated from ABS (I999a), which contains monthly data on both the

labour force and participation rate by state - sufficient information to calculate the

population aged over fifteen in each state. The data in POPO, relate to the start of the
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database year, hence these values were calculated from labour force data for July 1992.

The value for POP0ru, in the base year also provides the vaiue for the initial population of
the home region (INHM) which is a non-updateable parameter.

ABS labour force data are also used to set the initial values for the participation rates in
each region. These are stored as the updateable coefficients PPRT. in Figure 3.5.

3. 1. 5. 3 Migrant population

The number of net inter-regional migrants, which is stored as the updateable coefficient

MIGR in Figure 3.5, is initially set equal to zero. The value for the initial number of
migrants, which is a non-updateable parameter stored as INMG in the regional population

and labour force file, is initially set equal to the value assigned to MIGR.

3.1.5.4 Locatíon preference and adjustment parameter

The parameter governing the proportion of the gap between the actual and desired inter-

regional migration population that is closed in each period is set at 0.571, and is stored as

the (non updateable) parameter ADCM in ligure 3.5. Given a value of 0.5 for this

parameter, a value for the location preference parameter LOPR was chosen that minimised

the sum of the squared deviations of actual yearly Tasmanian net inter-regional migration
numbers from those produced by the model over the historical simulation period. This

value was found to be 2.75. It is represented in Figure 3.5 as the (non updateable)

parameter LOPR.

3.1.5.5 Base year population growth rates

Population growth rates (exclusive of that due to inter-regional migration) were calculated

from ABS labour force statistics and ABS migration statistics (ABS 1999c). The growth

in the population aged 15 and over in each region was calculated by first adding back the

ABS's 1992193 estimate of net inter-regional migrant numbers to the ABS's estimates of
year-end regional populations for 1992193. Population growth rates were then calculated

t' This value closes about ninety percent of the gap between actual and desired inter-regional migration
numbers after five years.
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by dividing these values by the ABS's estimates for regional populations at the

coÍtmencement of 1992193. These are stored as the coefÍicient NATG in Figure 3.5.

3,1.5.6 Base year regional unemployment røtes

Base year regional unemployment rates are stored as the coefficient IIRAT in Figure 3.5

The 1992193 values for this coefficient were sourced from ABS (1999b).

3.1.5.7 Household accounts data Jile

The household accounts data file contains information on the starting values of household

net foreign asset holdings (FNAT,) and net returns on those assets (FNIR,), the aþgregate

ownership of working capital by each owner type (OXX3¡), other household net income

(OHNI,), and the base year value for the nominal exchange rate (PHI). The initial value of
net foreign assets (FNAT,) was set at a negligible value (0.10) in each region. The choice

of the net interest received on this also determined the initial rate of return on these assets.

An initial rate of return of five percent per annum was chosen, hence the starting value for

FNIR, was set at 0.005. Since the initial values for foreign net assets held by both

households and the government were set at negligible values, the choice of the value for

the initial nominal exchange rate is arbitrary (within obvious limits). Hence the starting

value of PHI was simply set equal to 1 The values for OXX3r were read in directly from

their corresponding values in the initial database, and then adjusted as outlined in Section

3 . 1 .3 . 1 1 . The values for OHNI. were set such that the values of household gross savings in

the base-year database are equal to the values of household savings as given by the ABS

(1eeei).

3. 1. 5.8 Government accounts døta ftle

A number of changes and additions had to be made to the government accounts data

recorded in the initial database before being input to the ¡ptnnnl--r database. These were

made for two reasons. First, the ABS has made some amendments to the government

finance data for the 1992193 financial year since the compilation of the initial database. An

effort is made to update these data in those instances. Second, the aggregate revenues and

receipts for each government as recorded in the initial database do not coincide exactly
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with those recorded in ABS goverlìment finance statistics. This discrepancy could only be

reciuceci in part by the aforementione<i updating of the values of individual revenue and

receipt categories. The new government finance theory in ¡¡l¡Rel-¡ links the net

financing requirement of each government to its level of net asscts. For the model to track

the actual changes in each govemment's net asset position it is necessary that the initial
database accurately reflect each govemment's net financing requirement as given by ABS
data. Hence, in establishing the FEDERAL-F govemment accounts data, new categories of
other receipts and outlays are introduced to the government accounts. These provide

values for aggregate receipts and outlays by each goverrìment which accord with ABS
data, and thus generate an accurate base-year net financing requirement. Note that all ABS
data were sourced from two publications: Government Finance Statistics (ABS 1999k) and

Taxation Revenue (ABS 1998a).

In establishing the new government accounts database, only two matrices from the initial
database are transferred unchanged: CGO3 (unemployment benefit payments) and SGO3

(regional government transfer payments). The values for Commonwealth outlays on

transfers to regional governments (CGOa) and transfers to persons (CGO5) are set equal to

the ABS values for the same. In thus setting CGO4, the values in SGR5 were also reset.

Commonwealth revenues from other receipts (CGR7) were reset so that the share of the

total of CGRT and Commonwealth receipts from GBE's in total Commonwealth receipts

was equal to the same share as evident in the ABS government finance data. A new

category of Commonwealth outlays, CGO6, was introduced. The value of these outlays

was set such that the net financing requirement of the Commonwealth in the ¡eorRql-¡
database was equal to that in the ABS statistics. The values of regional govemment

receipts from fees and lines (SGR4) and other receipts (SGR8) were set equal to the ABS
data on the same. A new category of receipt (SGR9) and a new category of outlay (SGO4)

were then introduced to the regional government accounts. The values of these are set so

that the total revenues and outlays of each regional government coincide with the ABS data

on the same. This also ensures that the ABS values for regional government financing

requirements are reflected in the model's base-year data.

Finally, initial base year values for government foreign net asset holdings and net interest

payments had to be established. These were set at negligible positive values. Both FDDT

and STDTT, recording Commonwealth and regional goverrrment net foreign debt
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respectively, were initially set equal to 0.10. To establish an initial rate of interest of five

percent per annum on this debt, foreign net interest payments by each level of government,

OSIF and OSI&, were each set equal to 0.005.

3.1.6 Elasticities and Other Parameters

3. l. 6. 1 Export elasticities

The export elasticities used in FEDERAL-F are derived from those in the 1997 uoNnsn

model. Individual commodity export elasticities are calculated by assuming that the export

elasticity for npogRel-F commodity c, is an export value weighted sum of the export

elasticities of the Ë tr¿oNnsu commodities of which it is composed. The negative of the

reciprocal of these aggregated export elasticities is then calculated, and the results stored as

GAMAi in Figure 3.2. The economy-wide non-traditional export demand elasticity is

stored as GAMX in the Figure 3.2. The value of this parameter is set equal to its MoNASH-

equivalent value of 0.10.

3. 1. 6. 2 Armington eløsticities

Armington elasticities are required for three broad types of user: frrms, capital creators,

and households. The original 1992193 FEDERAL database set these elasticities equal to two,

across all users and commodities. However substitution possibilities should, as a

minimum, differ between commodities. For some commodities substitution possibilities

will be either non-evident or negligible (for example, household substitution between

sources for ownership of dwellings, or many personal services). For industrial users we

may wish to limit substitution possibilities between sources for certain commodities which

by their nature, cannot be readily traded (for example, concrete, construction, the output of
certain utilities). These commodities should have an Armington elasticity close to, or

equal to, zero. For other commodities, we will want to reflect the greater substitution

possibilities between sources for that commodity through higher Armington elasticities. In

a multi-regional model, we may also wish to introduce different Armington elasticities

between domestic and foreign sources for the same commodity, in recognition of greater

substitution possibilities existing between intra-national sources relative to international

sources
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Armington elasticities for intermediate input use for the 37 commodities in the FEDERAL-F

database are derived from the MONASH database by assuming that the Armington elasticity
for rnoeRnL commodity c is the purchaser's value weighted sum of the Armington
elasticities of the fr voNess commodities of which it is composed. Armington elasticities

for capital creators and households were derived from the MoNASH database in the same

manner. Since MONASH is a single region model, the Armington elasticities thus derived

have neither a regional nor a sourcing dimension. A regional dimension is added to these

values by assuming that the Armington elasticity for each commodity for each type of user

is the same across regions. These values are then stored in the matrices SIG1i,, - SIG3i,, in
Figure 3.2. The option of adding a sourcing dimension to these elasticities is added within
the coding of the FEDERAL-F model through the parameter INTA. The Armington
elasticities in SIGI¡,' - SIG3;,, have been used for the elasticities relating to domestic /
foreign substitution possibilities faced by agents in each region. It assumed that inter-
regional elasticities for the same commodities are a uniform multiple of the corresponding

intemational elasticity. A similar assumption is used to derive the Armington elasticities in
the ir,tuRr model, with this multiple being set at five. Notwithstanding that most

implementations of the MMRF model feature around half a dozen commodity types, for
such broad commodity types as are identified even in the 37 sector FEDERAL-F model, an

elasticity of demand for locally sourced commodities that is five times that of the foreign
substitute seems far too high. Hence currently the value this multiple has been set at l.
This parameter is stored under INTA in Figure 3.2. When FEDERAL-F is run, this parameter

is read in as data, and the domestic elasticities are then computed from the domestic /
intemational elasticities.

3.1.6.3 Marginal budget shares

The expenditure elasticity for good i in region r, er,,, is:

€ (tr)
_ drr,,, !,

dy, x(,,)

that is, the marginal budget share for good i divided by the average budget share for good i.
'When the r¡leRRl-p model is run, the expenditure elasticities are calculated from the
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average budget shares (evaluated from the relevant matrices of the multi-regional input

output database) with marginal budget shares read in from MBUD¡,. in Figure 3.2. In the

initial year, these marginal budget shares are evaluated so as to generate expenditure

elasticities that accord with the MoNASH elasticities for the corresponding commodities.

The calculation of the marginal budget shares stored in MBUD¡,, follows two steps. First,

the MoNASH expenditure elasticities are converted to the FEDERAL-F commodity

classification by assuming that the expenditure elasticity for ¡BppRnL-F commodity i is a

budget-share weighted sum of the expenditure elasticities of the fr tr¡oxess commodities of
which it is composed. This generates an expenditure elasticity for each of the 37 r¡onnnl-
r commodities from the original 115 expenditure elasticities in the MoNASH model. These

expenditure elasticities satisff the Engel aggregation property given the MoNASH

household consumption shares, however they need not satisfy this property given the

household consumption shares in each region of the FEDERAL-F database. Hence, the

second step is to use these expenditure elasticities, appropriately scaled, to generate a set of
region-specific marginal budget shares that sum to one, as follows:

m
t,4,,,

' It,A,,,

Where mi.r aÍe the marginal budget shares stored in MBUD;,., ei is the expenditure

elasticity for neosReI--F commodity i calculated from the MoNASH model, and 4,,. is the

average budget share for commodity i in region r, evaluated from the multi-regional input

output table.

3. 1. 6.4 Cross-classifted consumption

As discussed in Section 2.5.2, the commodity classification system for household

consumption used by the ABS differs from those used within MoNASH and ne¡¡RRL-F. To

make use of the ABS data on household consumption by (national accounts) commodity, a

matrix is required which provides a mapping between the two classifications. In the

MoNASH model, this is provided by MM^,uu. This records the purchaser's value of

261



Cn¡prnn3

household consumption of tr¿oNRSH commodity x classified within ABS national accounts

category na. A similar mapping matrix was calculated for FEDERAL-F by first aggregating

(in the dimension x) the MoNASH coeffrcient MM*,nu to the FEDERAL-F commodity

classification system, as follows:

And then providing a regional dimension to AGGM,,nu as follows:

AGGM,,nu = fMM*,',
xeAGGNOC¡

FMM''', : jffixPV3,,,

i =1,...,37 na =I,...,38

i =1,...r37 na =1,...,38 r =1,2

Where PV3i,. is the purchaser's value of commodity i consumed by household r. The

values for FMM,,nu,. âre then stored as FMM in the data file represented by Figure 3.2.
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4 ITTUSTRATIVE AppUCATION I: HIsroruCAL AND

DECOMPOSITION SIMULATIONS

4.1 Ovsnvmw

The simulations reported in this chapter have two purposes, and two sets of simulations are

required to achieve these purposes. The first purpose is to uncover the values of the

changes in the model's structural variables (such as factor and material input

productivities, taste changes, positions of export demand schedules, and such like) and

policy variables (such as various income, commodity, and production tax rates, rates of
personal benefit payment, real regional and Commonwealth outlays on current

consumption expenditure, and the like), which together account for the observed regional

and national economic outcomes over the six year period 1992193 to 1998/99. The values

of many of these structural and policy variables are largely unobservable without the aid of
some analytical framework, which in this case is provided by reoennl-r. To uncover

these values, the model is shocked with the observed values for certain macroeconomic,

commodity, industry, and government variables relating to both the national and regional

economies over the period 1992193 to 1998199. Following the parlance established by the

developers of the MoNASH model, this will be referred to as the "historical simulation"

hereafter. The second purpose of the simulations is to determine the contribution that each

of the structural and policy shifts made to the observed regional economic outcomes over

the period 1992193 to 1998199. This requires that a second simulation be undertaken in

which the structural and policy variables are shocked equal to the values that they were

calculated to have attained under the historical simulation. Again, following the parlance

established by the developers of the MoNASH model, this will be referred to as the

"decomposition simulation" hereafter. In undertaking both the historical and

decomposition simulations, the model is solved one period at a time, commencing with an

initial database for the year 1992193, and terminating with the creation of a database for

1998199. These ideas are elaborated upon further below.

Dixon et al. (2000) note that, on the basis of the two closures, it is possible to partition the

variables of the model into four sets:
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x(HD), X(rD), X(HD), X(HD)

Where H and H denote respectively exogenous and endogenous under the historical

closure, and D and D denote respectively exogenous and endogenous under the

decomposition closure. Hence, X(HD) represents those variables that are exogenous

under both the historical and decomposition closures. In ¡stsRnL-r these include foreign

currency import prices, homotopy variables, and real government consumption. X(HD) is
comprised of those variables that are endogenous under both historical and decomposition

closures. Many variables are in this category, and examples include regional industry

demands for source specific commodities, and the nominal values of national and regional

macroeconomic variables. For these variables, either observable values from official

statistics were not available (preventing their inclusion in X(HD) ), or their values are

already effectively determined by the variables in X(HD) and X(HD). X(HD) is

composed of those variables that aÍe exogenous under the historical closure, but

endogenous under the decomposition closure. Variables in this category include certain

national and regional macroeconomic variables, and sectoral investments, employments,

and outputs at the national and regional levels. X(lD) is comprised of those variables

that are endogenous under the historical closure, but exogenous under the decomposition

closure. X(ID) has the same number of variables as X(HD), and a readily apparent

economic relationship exists between the individual elements of each. These relationships

are exploited to allow the elements of X(HD) to be determined exogenously under the

historical closure, and endogenously under the decomposition closure. Examples of

variables in X(HD) include regional average propensities to consume, the positions of
foreign export demand schedules, and variables measuring household preferences. The

relationship between XGD) and X(HD) will be made more clear in the discussion of the

elernents of each in Section 4.2.

Figure 4.1 provides a diagrammatic representation of the steps involved in the historical

and decomposition simulations. First, the elements of X(HD) (and hence X(FID) ) are
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chosen on the basis of the availability of data for the period 1992193 to t998199. Annual

shocks to the relevant elements of X(HD) and X(HD) are then calculated from available

statisticsT2. These shocks are administered to the model on a year-by-year basis. The

initial database relates to 1992193. Hence the first set of shocks to X(HD) and

X(HD) consist of the percentage rates of change in these variables (and unitary shocks to

homotopy variables) over the period 1992193 to 1993194. The 1992193 database is updated

on the basis of the results from these shocks, generating a database relating to the 1993194

yean. This database then forms the starting point for the shocks to X(HD) and X(HD)

relating to the changes in the economy between the 1993194 and 1994195 financial years,

and so on.

An output of each year's simulation are values for the elements of X(HD). Combined

with the shocks to X(HD) that were administered under the historical closure, these

comprise the annual shocks to the model under the decomposition closure. The

decomposition shocks are also administered on a year-by-year basis, generating values for

X(HD) and X(HD) for each of the years between 1993194 and 1998199 inclusive. A key

feature of the shocks to X(HD) and X(HD) is that they reproduce exactly the values that

X(HD) and X(HD) possessed under the historical closure. Furthermore, the total impact

on any element of X(HD) and X(HD) can be decomposed into the individual

contributions of each of the individual shocks to the elements of X(HD) and X(HD).
These two features will be exploited in Section 4.5, where an explanation is sought for the

divergent growth experiences of the Tasmanian and Mainland economies over the period

1992/93 - 1998199.

4.2 DgscRrprroN oF THE HTSToRICAL AND DECoMposITroN cLosI_rRES

A complete description of the historical closure (as it differs from the standard short run

closure presented in Appendix B) is provided in this section. This section presents an

overview of the steps required to derive the historical closure from the standard short run

72 The exception is the homotopy variables, which are also part of X(HD) , but are only ever shocked equal to
I
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closure. Except as part of providing this overview, this section does not describe how the

underlying equations of the model function under the historical closure. Furthermore,

except where it is clearly necessary to describe the historical closure, a complete discussion

of which elements of certain variables (particularly those with industry and commodity

sub-scripts) are endogenously or exogenously determined is avoided in this section.

Detailed discussions of how the equations operate under the historical closure can be found

in those parts of Chapter 2 that describe the theoretical structure of the model. The

availability of historical data is the chief factor determining the choice of which elements

of multi-dimensional variables are determined endogenously and which elements are

determined exogenously under the historical closure. Hence the discussion of this is
deferred to Section 4.4 below.

4.2.1 The historical closure

Table 4.1 summarises those variables, the changes in the endogenous / exogenous status of
which, distinguish the historical and decomposition closures. That is, it describes the

elements of Xþ,D) and X(ll,O). For expository purposes it is useful to view the

historical closure as being developed in two steps. The starting point is the standard

comparative static short-run closure (Column 1). A number of swaps in the endogenous /

exogenous status of certain variables are then undertake to produce a closure characteristic

of the MoNASH model structural macroeconomic closure (Column 2). The final set of
swaps provides the historical closure (Column 3-4).

The short run comparative static closure (Column 1) is characterised by an exogenous pre-

tax real wage (fpre), and endogenous economy-wide labour supply (l_emp). Regional

industry capital stocks (cap_at_t) are exogenous, and rates ofretum on capital (crates) are

endogenous. Real household consumption (cR) is endogenous, and linked to real

household disposable income. Both the economy-wide average propensity to consume

(f_eql9), and the average propensities to consume of the individual regional households

(f_opc) are exogenous. The ratio (finv_com) of real economy-wide private investment

(i_rea[) to real economy-wide private consumption (crR) is exogenous, thus establishing an

indexing relationship between i_real and c,R. The economy-wide expected rate of retum

267



C
nn

pr
nn

4

N
ot

e:
 "

X
" 

de
no

te
s 

ex
og

en
ou

s

Ta
bl

e 
4.

1:
 D

er
iv

at
io

n 
of

 th
e 

hi
st

or
ic

al
 a

nd
 d

ec
om

po
si

tio
n 

cl
os

ur
es

 f
ro

m
 th

e 
sh

or
t-r

un
st

at
ic

 c
lo

su
re

N N N X N N N N X N X N X X N X X X N N X N N(5
)

S
tru

ct
ur

al
C

lo
su

re

N

X N X N N N X X N x X N N X X N

R
em

ar
nd

er
(4

) X X X x x X X N

H
is

to
ric

al
 C

lo
su

re

M
ac

ro
(3

) X X X X X N N N N X N X N X N N X N X N X X N N

N N N N N N N N X X N X N X N N X N X X N X N X(2
)

S
ty

lis
ed

M
O

N
A

S
H

 c
lo

su
re

N N N N N x N X N X X N X X N X N X N(l)

S
ho

rt 
ru

n
co

m
pa

ra
tiv

e 
st

at
ic

N N N N X

cR x2
na

t
x4

na
t

xM
na

t

fS
ov

co
nS

en
x3

re
g1

x4
re

g1

r_
$r

pe
1

de
l_

bt
3d

p
de

lJ
 a

cl
_1

t
ca

p_
at

_t
dJ

_e
eq

ro
rjr

J 
E

qn
54

om
eg

a
dJ

 e
eq

ro
r

f_
eq

24
N

_i
r

f_
nt

ra
d

f e
ql

9
f-a

pc
r_

cr
_r

gn
e

x 
ra

te
p3

na
t

fin
v_

co
m

r_
tr_

rg
ne

V
ar

ia
bl

e 
na

m
e

V
ar

ia
bl

e 
de

sc
rip

tio
n

R
ea

l n
at

io
na

l c
on

su
m

pt
io

n 
- b

ud
ge

t 
co

ns
tra

in
t s

id
e

R
ea

l n
at

io
na

l i
nv

es
tm

en
t -

 c
om

m
od

ity
 a

cc
ou

nt
s 

si
de

R
ea

l n
at

io
na

l e
xp

or
ts

R
ea

l n
at

io
na

l i
m

po
rts

E
co

no
m

y-
w

id
e 

re
al

 g
ov

er
nm

en
t o

ut
la

ys

R
ea

l r
eg

io
na

l c
on

su
m

pt
io

n 
- s

el
ec

te
d 

el
em

en
ts

R
ea

l r
eg

io
na

l e
xp

or
ts

 -
 s

el
ec

te
d 

el
em

en
ts

R
ea

l g
ro

ss
 re

gi
on

al
 p

ro
du

ct
 -

 s
el

ec
te

d 
el

em
en

ts

C
ha

ng
e 

in
 th

e 
A

us
tra

lia
n 

do
lla

r 
B

O
T 

/ n
om

in
al

 G
D

P
 ra

tio
S

hi
ft 

on
 y

ea
r-

to
-y

ea
r 

ca
pi

ta
l a

cc
um

ul
at

io
n 

eq
ua

tio
n

C
ap

ita
l s

to
ck

s 
at

 c
or

nm
en

ce
m

en
t 

of
 y

ea
r

P
os

iti
on

s 
of

 r
eg

io
na

l i
nd

us
try

 c
ap

ita
l s

up
pl

y 
fu

nc
tio

ns
S

hi
ft 

on
 c

om
p.

 s
ta

t. 
re

la
tio

ns
hi

p 
be

tw
ee

n 
R

O
R

 a
nd

 K
 g

ro
w

th
E

co
no

m
y-

w
id

e 
ex

pe
ct

ed
 R

O
R

 (c
om

p.
 s

ta
t. 

D
ef

rn
iti

on
)

E
co

no
m

y-
w

id
e 

sh
ift

 o
n 

re
gi

on
al

 in
du

st
ry

 K
 s

up
pl

y 
fu

nc
tio

ns
S

hi
ft 

on
 E

qu
at

io
n 

E
_x

r_
ex

pn
l: 

in
di

vi
du

al
 tr

ea
tn

en
t o

f N
TR

A
D

ex
po

rts
S

hi
ft 

on
 E

qu
at

io
n 

E
 x

r_
ex

pn
2:

 b
lo

ck
 t

re
at

ne
nt

 o
f N

TR
A

D
ex

po
rts

E
co

no
m

y-
w

id
e 

A
P

C
R

eg
io

na
l A

P
C

R
at

io
 o

f r
ea

l c
on

su
m

pt
io

n 
to

 re
al

 G
N

E
om

in
al

 e
xc

ha
ng

e 
ra

te

E
co

no
m

y 
w

id
e 

ho
us

eh
ol

d 
co

ns
um

pt
io

n 
pr

ic
e 

in
de

x
R

at
io

 o
f r

ea
l p

riv
at

e 
in

ve
st

m
en

t t
o 

re
al

 c
on

su
m

pt
io

n
R

at
io

 o
f r

ea
l e

co
no

m
y-

w
id

e 
in

ve
st

m
en

t t
o 

re
al

 G
N

E

t7 l8 t9 20 2t 22 23R
ow I 2 J 4 5 6 7 8 9 l0 ll t2 t3 t4 l5 l6 24 26

8



S
tm

ct
ur

al
C

lo
su

re

(s
) X N X X X X N N N N N N X X N X N X N N X X X N X

H
is

to
ric

al
 C

lo
su

re

R
em

ai
nd

er
(4

) N N X N X N X X N X N N N N X N X N X X N N N X N

M
ac

ro
(3

) N N N X N N X X N X N X N X N X N X N N X X X N X

S
ty

lis
ed

M
O

N
A

S
H

 c
lo

su
re

(2
) X X X X X X N N X N X N X X N x N X N N X x X N X

S
ho

rt 
ru

n
co

m
pa

ra
tiv

e 
st

at
ic

(l) X N X X X X N N X N X N X X N X N X N N X X X N X

V
ar

ia
bl

e 
fia

m
e

tv
vi

st
 s

rc
 b

ar
r_

cr
_r

gn
e

Je
qS

en
er

al
ffe

q3
en

er
al

r
J_

aJ
ac

fp
en

tra
d

to
Ji

p_
re

xp
_e

xo
g

ta
x_

ns
ph

xr
ru

a,
p¿

c

p_
re

xp
_t

m
p

ta
x 

ns
ph

¿y
¡a

.p
¡ç

l_
em

p

J 
tw

is
tlk

_f
_a

pc
X

f _
eí

pR
A

D
,p

Â
c

f_
eq

24
r_

ir
ch

 m
ig

ra
nt

s

f_
ch

m
ig

ra
nt

s
av

e 
a3

x3
nc

om
a3

nc
om

f--
r3

,
f_

a3
_k

r
a3

sh
ift

dl
_e

eq
ro

rj

V
ar

ia
bl

e 
de

sc
rip

tio
n

S
hi

ft 
on

 n
at

io
na

l /
 fo

re
ig

n 
so

ur
ci

ng
 t

w
is

ts
R

at
io

 o
f r

ea
l c

on
su

m
pt

io
n 

to
 re

al
 G

N
E

G
en

er
al

 e
xp

or
t d

em
an

d 
sh

ift
 v

ar
ia

bl
e

R
e 

gi
on

-s
pe

ci
fic

 e
xp

or
t d

em
an

d 
sh

ift
 v

ar
ia

bl
es

E
co

no
m

y-
w

id
e 

sh
ift

 v
ar

ia
bl

e 
on

 p
rim

ar
y 

fa
ct

or
 p

ro
du

ct
iv

ity
G

en
er

al
 s

hi
fte

r 
on

 e
xp

or
t p

ric
es

 (
ot

he
r t

ha
n 

TR
A

D
 e

xp
or

ts
)

Te
rm

s 
of

 tr
ad

e

S
hi

ft 
on

 E
qu

at
io

n 
E

1t
_r

ex
p_

ex
og

N
on

-s
pr

ea
di

ng
 p

ha
nt

om
 t

ax
 ra

te
 - 

se
le

ct
ed

 e
le

m
en

ts

S
hi

ft 
on

 E
qu

at
io

n 
E

1t
_r

ex
p_

im
p

N
on

-s
pr

ea
di

ng
 p

ha
nt

om
 ta

x 
ra

te
 - 

se
le

ct
ed

 e
le

m
en

ts

E
co

no
m

y-
w

id
e 

em
pl

oy
m

en
t

E
co

no
m

y-
w

id
e 

co
st

-n
eu

tra
l s

hi
ft 

in
 la

bo
ur

 / 
ca

pi
ta

l r
at

io
R

eg
io

na
l h

ou
se

ho
ld

 A
P

C
's

E
xp

or
ts

 o
f c

om
m

od
ity

 i
 fr

om
 r

eg
io

n 
r -

 s
el

ec
te

d 
el

em
en

ts

S
hi

ft 
on

 p
os

iti
on

 o
f d

em
an

d 
sc

he
du

le
s 

of
 ta

di
tio

na
l e

xp
or

ts

C
ha

ng
e 

in
 th

e 
ne

t i
nt

er
-r

eg
io

na
l 

m
ig

ra
nt

 p
op

ul
at

ro
n

S
hi

ft 
on

 E
qu

at
io

n 
E

_c
hm

ig
ra

nt
B

ud
ge

t s
ha

re
 w

ei
gh

te
d 

su
m

 o
f t

as
te

 c
ha

ng
es

E
xo

ge
no

us
 r

eg
io

na
l h

ou
se

ho
ld

 c
on

su
m

pt
io

n 
ca

te
go

rie
s

Ta
st

e 
ch

an
ge

 s
hi

fts
 o

n 
re

gi
on

al
 h

ou
se

ho
ld

 c
on

su
m

pt
io

n 
ca

ts
.

S
hi

fte
r 

on
 n

at
io

na
l a

cc
ou

nt
s 

co
ns

um
pt

io
n 

co
m

m
od

iti
es

H
ou

se
ho

ld
 ta

st
e 

ch
an

ge
 s

hi
ft 

va
ria

bl
es

S
hi

ft 
va

ria
bl

e 
on

 E
qu

at
io

n 
E

 x
3,

ff_
na

A
us

tra
lia

-w
id

e 
in

du
st

ry
- 

sp
ec

ifi
c 

ca
pi

ta
l s

up
pl

y 
sh

ift
 v

ar
ia

bl
es

R
ow 25 26 21 28 29 30 3l 32 33 34 35 37 38 40 43 44 45 46 47 48 49 50 5l 52 53Ta

bl
e 

4.
1:

 D
er

iv
at

io
n 

of
 th

e 
hi

st
or

ic
al

 a
nd

 d
ec

om
po

si
tio

n 
cl

os
ur

es
 fr

om
 th

e 
sh

or
t-r

un
 c

om
pa

ra
tiv

e 
st

at
ic

 c
lo

su
re

 (
co

nt
in

ue
d)

H
Is

ro
R

rc
¡¡

- 
S

IM
U

LA
TT

oN
S

26
9



C
n¡

,p
rr

R
 4

Ta
bl

e 
4.

1:
 D

er
iv

at
io

n 
of

 th
e 

hi
st

or
ic

al
 a

nd
cl

os
ur

es
 f

ro
m

 th
e 

sh
or

t-r
un

st
at

ic
 c

lo
su

re
 (

(s
)

S
tu

ct
ur

al
C

lo
su

re

N N N X X N X N X X N N N N N X X N X

R
em

ai
nd

er
(4

) X X X N N X N X N N X X X X X N N X N

H
is

to
ric

al
 C

lo
su

re

M
ac

ro
(3

) N N N X X N X N X x N N N N N X X N X

(2
)

S
ty

lis
ed

M
O

N
A

S
H

 c
lo

su
re

N N N X X N X N X X N N N N N X X N X

(l)

S
ho

rt 
nu

r
co

m
pa

ra
tiv

e 
st

at
ic

N N N X X N X N X X N N N N N X X N X

V
ar

ia
bl

e 
na

m
e

fd
l_

ee
qr

or
j

fy
_n

at

y_
s

fv
-s

l_
ff1

ys
hf

t

dl
_e

eq
ro

r_
r1

ys
r

fy
-s

r
dl

_e
eq

ro
rjr

fd
J_

ee
qr

or
jr

fy
-p

s6

tJ
dl

_e
eq

ro
rjr

fe
m

p_
s

sh
ift

_a
fa

c
em

p_
s

f_
aJ

ac
jr

V
ar

ia
bl

e 
de

sc
rip

tio
n

S
hi

ft 
va

ria
bl

e 
on

 E
qu

at
io

n 
E

rfy
_n

at
 (

O
pt

io
n 

l)
O

r:
S

hi
ft 

on
 E

qu
at

io
n 

E
Jd

J_
ee

qr
or

l (
O

pt
io

n 
2)

R
ea

l i
nv

es
tm

en
t 

by
 n

at
io

na
l i

nv
es

tm
en

t s
ec

to
r

S
hi

ft 
va

ria
bl

e 
on

 E
qu

at
io

n 
E

;þ
_n

at
E

co
no

m
y-

w
id

e 
sh

ift
 o

n 
ex

og
en

ou
s 

in
ve

st
m

en
t s

ec
to

rs

R
ea

l T
as

m
an

ia
n 

pr
iv

at
e 

in
ve

st
rn

en
t 

ex
pe

nd
itu

re
Ta

sm
an

ia
-s

pe
ci

fic
 s

hi
ft 

on
 in

du
st

ry
 c

ap
ita

l s
up

pl
y 

fu
nc

tio
ns

R
eg

io
na

l i
nv

es
trn

en
t 

se
ct

or
s 

- 
se

le
ct

ed
 e

le
m

en
ts

S
hi

ft 
va

ria
bl

e 
on

 E
qu

at
io

n 
E

_i
þ_

1t
56

R
eg

io
na

l i
nd

us
try

 s
hi

fts
 in

 c
ap

ita
l s

up
pl

y 
fu

nc
tio

ns
 -

 s
el

ec
te

d
el

em
en

ts
S

hi
ft 

on
 E

qu
at

io
n 

E
1þ

_p
56

 - 
se

le
ct

ed
 e

le
m

en
ts

 (
O

pt
io

n 
l)

O
r:

S
hi

ft 
on

 E
qu

at
io

n 
E

Jd
J_

ee
qr

or
jr 

- s
el

ec
te

d 
el

em
en

ts
 (

O
pt

io
n

2) S
hi

ft 
va

ria
bl

e 
on

 E
qu

at
io

n 
E

_t
fd

J_
ee

qr
or

jr 
(O

pt
io

n 
2)

O
r:

S
hi

ft 
va

ria
bl

e 
on

 E
qu

at
io

n 
E

1þ
t_

p5
6 

(O
pt

io
n 

1)

Ta
sm

an
ia

n 
se

ct
or

al
 i

nv
es

trn
en

ts
S

hi
ft 

va
ria

bl
e 

on
 E

qu
at

io
n 

E
J"

*p
j, 

(O
pt

io
n 

l)
O

r:
S

hi
ft 

on
 E

qu
at

io
n 

E
_f

fa
fa

c 
(O

pt
io

n 
2)

E
m

pl
oy

m
en

t 
by

 r
eg

io
na

l e
m

pl
oy

m
en

t 
se

ct
or

S
hi

ft 
va

ria
bl

e 
on

 re
gi

on
al

 in
du

st
ry

 p
rim

ar
y 

fä
ct

or
 te

cb
ni

ca
l

ch
an

ge

R
ow 54 55 56 57 58 59 60 6t 62 63 64 65 66 67 68 69 70 7l 72 27
0



Ta
bl

e 
4.

1:
 D

er
iv

at
io

n 
of

 th
e 

hi
st

or
ic

al
 a

nd
cl

os
ur

es
 fr

om
 th

e 
sh

or
t-r

un
st

at
ic

 c
lo

su
re

 (
co

nt
in

ue
d)

H
IS

TO
R

IC
A

L 
S

IM
U

LA
TI

oN
S

N x N(s
)

S
tru

ct
ur

al
C

lo
su

re

N N X X X N N X N X N N x X X N N

R
em

ai
nd

er
(4

) X X X N X N N N X X N X N X X N N N X X

X N X X XH
is

to
ric

al
 C

lo
su

re

M
ac

ro
(3

) N N N N N X N X N N X X X N N

(2
)

S
ty

lis
ed

M
O

N
A

S
H

 c
lo

su
re

N N N X N X X X N N X N X N N X X X N N

N X N X X X(r
)

S
ho

rt 
ru

n
co

m
pa

ra
tiv

e 
st

at
ic

N N N N X N X N N X X X N N

V
ar

ia
bl

e 
na

m
e

ffo
fo

c

fe
m

pj
r

lr_
em

p

f_
lr_

em
p

.x
^t

sh
ift

 a
i

fx
-s at

fx
_t

ot
al

fa
i

a 
in

l
de

lJ
 a

l
a 

in
2

de
lJ

_a
2

xs
r

fw
is

t 
is

 s

fx
-s

,

aß

rtJ
w

is
t_

is
bo

t

fx
 to

t

V
ar

ia
bl

e 
de

sc
rip

tio
n

S
hi

ft 
va

ria
bl

e 
on

 E
qu

at
io

n 
E

Je
m

pj
r (

O
pt

io
n 

l)
O

r:
S

hi
ft 

on
 E

qu
at

io
n 

E
lfo

fo
, (

O
pt

io
n 

2)

R
eg

io
na

l e
m

pl
oy

m
en

t
S

hi
ft 

on
 re

gi
on

al
 s

ec
to

ra
l 

em
pl

oy
m

en
ts

R
ea

l o
uþ

ut
 fo

r 
na

tio
na

l o
uþ

ut
 s

ec
to

rs
 -

 s
el

ec
te

d 
el

em
en

ts

S
hi

fte
r 

on
 E

qu
at

io
n 

E
_1

fx
_t

ot
al

 -
 s

el
ec

te
d 

el
em

en
ts

 (
O

pt
io

n 
l)

O
r:

S
hi

ft 
on

 E
qu

at
io

n 
E

lfo
i (

O
pt

io
n2

)
C

om
m

od
ity

 I
 u

si
ng

 t
ec

hn
ic

al
 c

ha
ng

e 
- 

se
le

ct
ed

 e
le

m
en

ts

S
hi

fte
r 

on
 E

qu
at

io
n 

E
;ft

_t
ot

al
 -

 s
el

ec
te

d 
el

em
en

ts
 (

O
pt

io
n 

l)
O

r
S

hi
ft 

on
 E

qu
at

io
n 

E
,fa

i (
O

pt
io

n2
)

A
ll 

in
pu

t u
si

ng
 te

ch
ni

ca
l c

ha
ng

e 
- 

cu
rr

en
t 

pr
od

uc
tio

n
S

hi
ft 

va
ria

bl
e 

on
 E

qu
at

io
n 

E
_d

el
J_

al
A

ll 
in

pu
t u

si
ng

 te
ch

ni
ca

l c
ha

ng
e 

- 
ca

pi
ta

l c
re

at
io

n
S

hi
ft 

va
ria

bl
e 

on
 E

qu
at

io
n 

E
_d

el
J_

a2
O

uþ
ut

 s
ec

to
rs

 b
y 

re
gi

on
S

hi
fte

r 
on

 E
qu

at
io

n 
E

_i
fx

_t
ot

 -
 s

el
ec

te
d 

el
em

en
ts

 (
O

pt
io

n 
l)

O
r:

S
hi

ft 
on

 E
qu

at
io

n 
E

Jf
ì_

tv
)ß

t_
is

bo
t 

(O
pt

io
n2

)
C

om
m

od
ity

 a
nd

 s
ou

rc
e-

sp
ec

ih
c 

te
ch

ni
ca

l c
ha

ng
e 

- 
se

le
ct

ed
el

em
en

ts
S

hi
fte

r 
on

 E
qu

at
io

n 
E

-&
_/

ol
 -

 s
el

ec
te

d 
e 

le
m

en
ts

 (
O

pt
io

n 
1)

O
r:

S
hi

ft 
on

 E
qu

at
io

n 
E

Ji
_t

w
is

t_
ßö

o¿
 -

 s
el

ec
te

d 
el

em
en

ts
 (

O
pt

io
n

2)

R
ow t-) 74 75 76 77 78 79 80 8l 82 83 84 85 86 87 88 89 90 9l 92

27
1



C
m

pr
rR

4
Ta

bl
e 

4.
1:

 D
er

iv
at

io
n 

of
 th

e 
hi

st
or

ic
al

 a
nd

cl
os

ur
es

 fr
om

 th
e 

sh
or

t-r
un

st
at

ic
 c

lo
su

re
co

nt
in

ue
d)

(s
)

S
tru

ct
ur

al
C

lo
su

re

X X N X N X N x N X N X N X N X N X N X N X N X N

X N X N X N X N

R
em

ai
nd

er
(4

) N N X N X N X N X N X N X N X N X

H
is

to
ric

al
 C

lo
su

re

(3
)

M
ac

ro

X X N X N X N X N X N X N X N X N X N X N X N X N

(2
)

S
ty

lis
ed

M
O

N
A

S
H

 c
lo

su
¡e

X X N X N X N X N X N X N X N X N X N X N X N X N

(1
)

S
ho

rt 
ru

n
co

m
pa

ra
tiv

e 
st

at
ic

X X N X N X N X N X N X N X N X N X N X N X N X N

V
ar

ia
bl

e 
na

m
e

tw
is

t 
is

bo
t

fx
sr

t
b4

I
Js

w
itc

hl
ta

ye
b4

2

J_
o_

it
b4

3

f_
t3

b4
4

ffp
ro

d
b4

5
co

m
 ta

x
b4

6

ft4 b4
7

fs
w

itc
hJ

4T
u_

be
ne

fit

frr
-b

tra
ns

Je
rs

f6
5

sg
pt

r

fro
llr

rlt
ax

Jr
es

_t
ax

cl
ta

x

In
te

r-
re

gi
on

al
 s

ou
rc

in
g 

tw
is

t s
hi

fte
r

S
hi

ft 
on

 e
xo

ge
no

us
 o

ut
pu

t s
ec

to
rs

 - 
se

le
ct

ed
 e

le
m

en
ts

C
om

m
on

w
ea

lth
 P

A
Y

E
 re

ce
ip

ts

S
hi

ft 
on

 a
ve

ra
ge

 ra
te

 o
f P

A
Y

E
 ta

x
O

th
er

 C
om

m
on

w
ea

lth
 in

co
m

e 
ta

x 
re

ce
ip

ts

S
hi

ft 
on

 p
er

-u
ni

t 
ta

xe
s 

on
 c

ap
ita

l a
nd

 la
nd

C
om

m
on

w
ea

lth
 im

po
rt 

du
ty

 re
ce

ip
ts

V
ar

ia
bl

e 
de

sc
rip

tio
n

G
en

er
al

 s
hi

ft 
va

ria
bl

e 
on

 ta
rif

f 
ra

te
s

C
om

m
on

w
ea

lth
 p

ro
du

ct
io

n 
ta

x 
re

ve
nu

es
G

en
er

al
 s

hi
ft 

va
ria

bl
e 

on
 in

du
sf

y 
pr

od
uc

tio
n 

ta
x 

ra
te

s

C
om

m
on

w
ea

lth
 c

om
m

od
ity

 t
ax

 r
ev

en
ue

s
G

en
er

al
 s

hi
ft 

va
ria

bl
e 

on
 C

om
m

on
w

ea
lth

 c
om

m
od

ity
 t

ax
 r

at
es

C
om

m
on

w
ea

lth
 e

xp
or

t t
ax

 re
ve

nu
es

G
en

er
al

 s
hi

ft 
on

 e
xp

or
t t

ax
 r

at
e

C
om

m
on

w
ea

lth
 o

th
er

 r
ec

ei
pt

s

R
ea

l v
al

ue
 o

f o
th

er
 C

om
m

on
w

ea
lth

 r
ec

ei
pt

s
C

om
m

on
w

ea
lth

 G
ov

er
nm

en
t o

ut
la

ys
 o

n 
un

em
pl

oy
m

en
t 

be
ne

fit
s

R
ea

l v
al

ue
 o

f p
er

-p
er

so
n 

un
em

pl
oy

m
en

t b
en

eh
ts

O
th

er
 C

om
m

on
w

ea
lth

 t
ra

ns
fe

rs
 t

o 
pe

rs
on

s
E

co
no

m
y-

w
id

e 
sh

ift
 o

n 
th

e 
re

al
 v

al
ue

 o
f C

om
m

on
w

ea
lth

 o
th

er
tra

ns
fe

rs
R

eg
io

na
l g

ov
eû

im
en

t 
pa

yr
ol

l t
ax

 r
ec

ei
pt

s

C
ha

ng
e 

in
 th

e 
av

er
ag

e 
ra

te
 o

fre
gi

on
al

 p
ay

ro
ll 

ta
x

R
eg

io
na

l g
ov

er
nm

en
t r

es
id

en
tia

l l
an

d 
ta

x 
re

ce
ip

ts
S

hi
ft 

va
ria

bl
e 

on
 th

e 
av

er
ag

e 
ra

te
 o

fre
si

de
nt

ia
l l

an
d 

ta
x

R
eg

io
na

l g
ov

er
nm

en
t c

om
m

er
ci

al
 la

nd
 t

ax
 r

ec
ei

pt
s

93 94 95 96 97 98 99 10
0

l0
l

R
ow 10

2
10

3

10
4

10
5

10
6

l0
7

10
8

10
9 ll0 lll tt2 ll3 tt4 ll5 ll6 tt7 27

2



Ta
bl

e 
4.

1:
 D

er
iv

at
io

n 
of

 th
e 

hi
st

or
ic

al
 a

nd
cl

os
ur

es
 fr

om
 th

e 
sh

or
t-r

un
st

at
ic

 c
lo

su
re

 (
co

nt
in

ue
d)

H
IS

TO
R

IC
A

L 
S

IM
U

LA
TI

oN
S

(5
)

S
tn

¡c
tu

ra
l

C
lo

su
re

X N X N X N X N N X N X N X N N N X N X

R
em

ai
nd

er
(4

) N X N X N X N X X N X N X N X N X N X N

H
is

to
ric

al
 C

lo
su

re

(3
)

M
ac

ro

X N X N X N X N N X N X N X N X N X N X

(2
)

S
ty

lis
ed

M
O

N
A

S
H

 c
lo

su
re

X N X N X N X N N X N X N X N X N X N X

(l)

S
ho

rt 
m

n
co

m
pa

ra
tiv

e 
st

at
ic

X N X N X N X N N X N X N X N X N X N X

V
ar

ia
bl

e 
na

m
e

fc
om

_t
ax

r
b3

4r

fjt
ax b3
5r

f6
4r

b3
6r

sa
le

st
ax

b3
7r

pr
od

_n
_u

til

Jp
ro

dr
b3

8r

fS
et

r
t5

I
f_

tra
ns

r
p_

re
X

pr
R

A
p,

P
úG

ta
x 

ns
ph

n¡
n.

p¿
c

cb
2

t6
4

cb
lr

fn
i_

sh
ift

V
ar

ia
bl

e 
de

sc
rip

tio
n

S
hi

ft 
va

ria
bl

e 
on

 th
e 

av
er

ag
e 

ra
te

 o
f c

om
m

er
ci

al
 la

nd
 t

ax
R

eg
io

na
l g

ov
er

nm
en

t r
ec

ei
pt

s 
of

 in
co

m
e 

re
du

ci
ng

 ta
xe

s

S
hi

ft 
va

ria
bl

e 
or

r 
th

e 
av

er
ag

e 
ra

te
 o

f r
eg

io
na

l i
nc

om
e 

re
du

ci
ng

ta
xe

s
R

eg
io

na
l g

ov
er

nm
en

t r
ec

ei
pt

s 
of

 C
om

m
on

w
ea

lth
 t

ra
ns

fe
rs

S
hi

ft 
on

 th
e 

re
al

 v
al

ue
 o

f C
om

m
on

w
ea

lth
 in

te
r-

go
ve

m
m

en
t

ha
ns

fe
rs

R
eg

io
na

l g
ov

er
nm

en
t c

om
m

od
ify

 t
ax

 r
ec

ei
pt

s

S
hi

ft 
va

ria
bl

e 
(u

ni
fo

rm
 a

cr
os

s 
us

er
 ty

pe
s)

 o
n 

re
gi

on
al

co
m

m
od

ity
 t

ax
es

R
eg

io
na

l g
ov

er
nm

en
t 

pr
od

uc
tio

n 
ta

x 
re

ce
ip

ts
O

r:
R

eg
io

na
l g

ov
er

nm
en

t 
pr

od
uc

tio
n 

ta
x 

re
ce

ip
ts

 f
ro

m
 n

on
-u

til
iti

es
in

du
st

rie
s

S
hi

ft 
va

ria
bl

e 
on

 th
e 

ra
te

 o
f r

eg
io

na
l g

ov
er

nm
en

t p
ro

du
ct

io
n 

ta
x

R
eg

io
na

l g
ov

er
nm

en
t o

th
er

 r
ec

ei
pt

s
R

ea
l v

al
ue

 o
f r

eg
io

na
l g

ov
er

nr
ne

nt
 o

th
er

 r
ec

ei
pt

s
R

eg
io

na
l g

ov
er

nm
en

t t
ra

ns
fe

rs
 t

o 
pe

rs
on

s

R
ea

l v
al

ue
 o

f r
eg

io
na

l g
ov

em
m

en
t t

ra
ns

fe
rs

 t
o 

pe
rs

on
s

Fo
re

ig
n 

cu
rr

en
cy

 e
xp

or
t p

ric
es

 f
or

 tr
ad

iti
on

al
 e

xp
or

t
co

m
m

od
iti

es
N

on
-s

pr
ea

di
ng

 
ph

an
to

m
 t

ax
es

 o
n 

tra
di

tio
na

l 
ex

po
rt

co
m

m
od

iti
es

C
ha

ng
e 

in
 th

e 
C

om
m

on
w

ea
lth

 n
et

 f,
rn

an
ci

ng
 r

eq
ui

re
m

en
t

R
at

io
 o

f o
th

er
 C

om
m

on
w

ea
lth

 o
ut

la
ys

 t
o 

no
m

in
al

 G
D

P
C

ha
ng

e 
in

 r
eg

io
na

l g
ov

em
m

en
t n

et
 fi

na
nc

in
g 

re
qu

ire
m

en
ts

S
hi

tt 
co

m
m

on
 to

 re
si

du
al

 r
eg

io
na

l g
ov

er
nm

en
t o

ut
la

ys
 a

nd
re

ce
ip

ts

R
ow ll8 lt9 t2

0

l2
t

t2
2

12
3

12
4

t2
5

r2
6

12
7

12
8

12
9

13
0

13
1

t3
2

13
3

13
4

13
5

13
6

t3
7

27
3



C
n¡

,p
re

n4
Ta

bl
e 

4.
1:

 D
er

iv
at

io
n 

of
 th

e 
hi

st
or

ic
al

 a
nd

cl
os

ur
es

 fr
om

 th
e 

sh
or

t-r
un

 c
om

pa
ra

tiv
e 

st
at

ic
 c

lo
su

re
 (

co
nt

in
ue

d)

X N X N N N X N X N X N X N x N(5
)

S
tru

ct
ur

al
C

lo
su

re

N X N X N X N

N X N N X x N X N N X X N X N X N X N X N X

R
em

ai
nd

er
(4

) X
N X N X X N N X N X X N N X N X N X N X N X NH
is

to
ric

al
 C

lo
su

re

(3
)

M
ac

ro

N X N X X N N X N X N X N X N X N(2
)

S
ty

lis
ed

M
oN

A
S

H
 c

lo
su

re

N x N X X N

N X NN X N X X N N X N X X N N X N X N X X N(l)

S
ho

rt 
ru

n
co

m
pa

ra
tiv

e 
st

at
ic

V
ar

ia
bl

e 
na

m
e

n 
sa

v
ex

_h
hn

Ji
sh

 s
ta

x2

Jk
_t

c0
_i

nd

sk
_o

w
ne

t's
r,¡

,,

fs
k_

ow
ne

rs
o¡

,,
p3

nc
om

nn
,,

fp
3n

co
m

n,
,,,

p3
sh

ift
,,

fp
3r

,,,
fp

ht
ax

3i
,,,

,
[fp

3,
,.,

.,
ph

an
t3

na
t

JL
t3

ge
n

p3
re

g1

îp
3r

,
p2

re
g,

þh
ta

x2
,

p5
re

g,

fp
ht

ax
ï,

p6
re

g,

fp
ht

ax
6,

pM
na

tJ
c

S
ha

re
 o

f s
al

es
 ta

x 
in

 e
co

no
m

y-
w

id
e 

in
ve

st
m

en
t

P
ur

po
se

-s
pe

ci
hc

 
sh

ift
 in

 C
om

m
on

w
ea

lth
 s

al
es

 ta
xe

s 
- 

se
le

ct
ed

el
em

en
ts

S
ha

re
 o

f q
's

 o
w

ne
rs

hi
p 

of
 c

ap
ita

l i
n 

re
gi

on
al

 in
du

st
ry

T,
r

S
hi

ft 
on

 E
qu

at
io

n 
E

Js
k_

ow
ne

rs
.

P
ric

e 
to

 c
on

su
m

er
s 

in
 re

gi
on

 r 
fo

r n
at

io
na

l a
cc

ou
nt

s 
co

m
m

od
ity

na S
hi

ft 
va

ria
bl

e 
on

 E
qu

al
io

n 
81

3,
ff_

na
.

S
hi

ft 
va

ria
bl

e 
on

 E
qu

at
io

n 
81

3 
ff_

na
.

S
hi

ft 
va

ria
bl

e 
on

 E
qu

at
io

n 
E

-¡
ffp

3r
H

ou
se

ho
ld

 p
ha

nt
om

 t
ax

 s
hi

ft 
va

ria
bl

e.
S

hi
ft 

va
ria

bl
e 

on
 E

qu
at

io
n 

E
,ff

p3
r

E
co

no
m

y-
w

id
e 

co
lle

ct
io

n 
of

 p
ha

nt
om

 ta
xe

s 
on

 h
ou

se
ho

ld
pu

rc
ha

se
s

S
hi

ft 
va

ria
bl

e 
on

 E
qu

at
io

n 
E

1t
3n

co
m

.
C

on
su

m
er

 p
ric

e 
in

de
x 

of
 r

eg
io

n 
of

 fo
cu

s

S
hi

ft 
va

ria
bl

e 
on

 E
qu

at
io

n 
E

1t
3n

co
m

.
R

eg
io

na
l g

ro
ss

 fi
xe

d 
ca

pi
ta

l f
or

m
at

io
n 

de
fla

to
r

C
ap

ita
l c

re
at

io
n 

ph
an

to
m

 t
ax

 s
hi

ft 
va

ria
bl

e.
R

eg
io

na
l g

ov
er

nm
en

t 
co

ns
um

pt
io

n 
ex

pe
nd

ilu
re

 d
ef

la
to

r
R

eg
io

na
l g

ov
er

nm
en

t 
ph

an
to

m
 t

ax
 s

hi
ft 

va
ria

bl
e

C
om

m
on

w
ea

lth
 G

ov
er

nm
en

t c
on

su
m

pt
io

n 
ex

pe
nd

ih
ue

 d
ef

la
to

r.
C

om
m

on
w

ea
lth

 G
ov

er
nm

en
t 

ph
an

to
m

 t
ax

 s
hi

ft 
va

ria
bl

e
Fo

re
ig

n 
cu

rr
en

cy
 n

at
io

na
l i

m
po

rt 
pr

ic
e 

in
de

x

V
ar

ia
bl

e 
de

sc
rip

tio
n

R
eg

io
na

l h
ou

se
ho

ld
 s

av
in

gs

Fo
re

ig
n 

cu
ne

nc
y 

va
lu

e 
of

 h
ou

se
ho

ld
 n

et
 fo

re
ig

n 
ln

co
m

e
14

0

t4
t

14
2

14
3

t4
4

14
5

14
6

t4
7

14
8

14
9

15
0

l5
l

15
2

15
3

15
4

15
5

15
6

15
7

15
8

15
9

16
0

R
ow 13

8

13
9

27
4



Ta
bl

e 
4.

1:
 D

er
iv

at
io

n 
of

 th
e 

hi
st

or
ic

al
 a

nd
 d

ec
om

po
si

tio
n 

cl
os

ur
es

 f
ro

m
 th

e 
sh

or
t-r

un
st

at
ic

 c
lo

su
re

H
ls

ro
m

c¡
,1

 S
IM

U
LA

TI
oN

S

(s
)

S
tu

ct
ur

al
C

lo
su

re

X N X X X X X X N N N N X

R
em

ai
nd

er
(4

) N X N N N N N N X X X X N

H
is

to
ric

al
 C

lo
su

re

(3
)

M
ac

ro

X N X N N N N N X X X N X

(2
)

S
ty

lis
ed

M
O

N
A

S
H

 c
lo

su
re

x N X N N N N N X X X N X

(l)

S
ho

rt 
ru

n
co

m
pa

ra
tiv

e 
st

at
ic

X N X N N N N N X X X N X

V
ar

ia
bl

e 
na

m
e

f -p
m

p
pr

ew
ag

e_
rr

fp
re

r
po

w
ta

x2
ph

po
w

ta
x3

ph
po

w
ta

x4
ph

po
w

ta
x5

ph
po

w
ta

x6
ph

Jp
ht

ax
2i

sr
fp

ht
ax

5i
sr

fp
ht

ax
6i

s
fu

 ut
ili

ty
uy

¡¡
¡1

-r
,

fp
ro

dr
j u

7¡
¿¡

n,

V
ar

ia
bl

e 
de

sc
rip

tio
n

U
ni

fo
rm

 s
hi

ft 
on

 fo
re

ig
n 

cu
ne

nc
y 

co
m

m
od

ity
 i

m
po

rt 
pr

ic
es

R
ea

l r
eg

io
na

l c
on

su
m

er
 p

re
-ta

x 
w

ag
e

S
hi

ft 
va

ria
bl

e 
on

 re
gi

on
al

 p
re

-ta
x 

w
ag

e

P
ow

er
 o

f p
ha

nt
om

 ta
x 

on
 in

ve
st

m
en

t i
np

ut
s

P
ow

er
 o

fp
ha

nt
om

 ta
x 

on
 h

ou
se

ho
ld

 p
ur

ch
as

es

P
ow

er
 o

fp
ha

nt
om

 ta
x 

on
 e

xp
or

ts

P
ow

er
 o

fp
ha

nt
om

 ta
x 

on
 re

gi
on

al
 g

ov
t. 

pu
rc

ha
se

s

P
ow

er
 o

f p
ha

nt
om

 ta
x 

on
 C

om
m

on
w

ea
lth

 p
ur

ch
as

es

S
hi

ft 
on

 in
ve

st
m

en
t 

ph
an

to
m

 ta
xe

s

S
hi

ft 
on

 r
eg

io
na

l g
ov

er
nm

en
t 

ph
an

to
m

 t
ax

es

S
hi

ft 
on

 C
om

m
on

w
ea

lth
 p

ha
nt

om
 t

ax
es

S
hi

ft 
on

 E
qu

at
io

n 
E

1þ
_u

til
ity

 (
C

P
I-X

 fo
rm

ul
a)

P
ro

du
ct

io
n 

ta
x 

ra
te

s 
on

 u
til

ity
 in

du
st

rie
s

R
ow l6

l
16

2

16
3

16
4

16
5

16
6

16
7

16
8

16
9

t7
0 l7
t

17
2

17
3

27
5



Cnnprnn4

on capital (omega) is endogenous, thus rationing the national investment budget among

regional industry investment demands. Real government consumption expenditure for all

levels of government (fgovconSen) is exogenous. The nominal exchange rate (x_rate) is

the numeraire.

In moving to a stylised version of the MoNASH model macroeconomic structural closure

(Column 2), the first step is to determine exogenously the ratio (r_ir_rgne) of real

economy-wide investment (x2nat) to real gross national expenditure (realgne). In so

doing, the ratio of real private investment to real consumption expenditure (finv_com) is

now determined endogenously. The relationship between real economy-wide consumption

and the FEDERAL-F definition of real household disposable income is then broken by setting

endogenous the economy-wide average propensity to consume (f_eql9), and setting

exogenous the ratio of real consumption to real gross national expenditure (r_cr_rgne).

Next, the tvtoN,q.sH treatment of non-traditional export volumes is instituted by setting

endogenous the positions of the individual commodity and region specific FEDERAL-F non-

traditional export demand schedules (f_eq24N_ir), and setting exogenous the

corresponding shift variables (f_ntrad) on Equation E_xr_expw2. Equation E_xr_expu2

then allows the volume of exports of individual non-traditional export commodities from

each region to respond as a block in response to movements in region-specific non-

traditional export price indices. The numeraire is switched from the nominal exchange rate

to the economy-wide household consumption price index (p3nat). Finally, the change in

the ratio of the balance of trade to GDP (del_btgdp) is determined exogenously, and

aggregate demand is reconciled with aggregate supply via the endogenous determination of
real government-wide consumption expenditure (fSovcon 3en).

Three further swaps are dealt with in Column (2). These "switch off' the comparative-

static rate of return theory and "switch-on" the year-on-year capital accumulation and rate

of retum theory. First, the year-on-year capital accumulation equation E_delJ_aclat is

brought into operation by setting exogenous the shift variable on that equation

(delJ_ac_p_1t), and then allowing that equation to determine regional industry capital

stocks by setting endogenous cap_at_t. Next the FEDERAL relationship between rates of
return and capital growth (Equation E_cap_at_tplusl) is rendered inoperative by

determining endogenously the shift variable on that equation (f_eqn54). In their stead are

placed the tuoNnsH inverse-logistic regional-industry specific capital supply functions,
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given by Equation E_dJ_eeqrorjr. This requires that the shift variables on this equation

(dJ_eeqrorjr)be determined exogenously. The general shift variable on the positions of
these functions (dJ_eeqror) is then determined endogenously to ration economy-wide

investment. With Equation E_cap_at_tplusl now inoperative, this function is no longer

served by omega, which must now be determined exogenously.

The historical closure is described by Columns (3) - (a). For expository purposes, it is
convenient to describe the historical closure as being developed from the stylised MoNASH

macro closure in two steps. First, the major variables describing the national

macroeconomy are determined exogenously (Column (3)). Then, a second set of s'waps -

relating to regional macro variables, industry and commodity variables, and the

government accounts - establishes the final historical closure (Column (4)).

Column (3) sets out the swaps between the exogenous / endogenous status of certain

variables that are required to determine exogenously the main variables describing the

national macroeconomy. Real national consumption spending (crR) is set exogenous, and

the ratio of national consumption to national GNE (r_cr_rgne) is determined

endogenously. Under this closure the economy-wide APC adjusts to reconcile the

exogenously determined national consumption with economy-wide household disposable

income. Economy-wide real investment (x2nat) is determined exogenously, requiring that

the indexing relationship with real GNE (r_ir_rgne) be determined endogenously. Real

national export volumes are determined exogenously, and the general shift variable on the

position of each regional-commodity export demand schedule (þqSeneral) is determined

endogenously. The national volume of imports (xMnat) is determined exogenously, and

the general shift variable on the ratio of imports to domestically consumed goods by non-

government purchasers (rwrsryrc_bar) is determined endogenously. Real government

expenditure (fgovconSen) is determined exogenously. With all the major elements of
real aggregate demand determined exogenously, aggregate supply is determined

endogenously by setting endogenous the general shift variable on economy-wide primary

factor productivity (f_a Jac).

The terms of trade is transferred to the set of exogenous variables in two steps. First, the

shift variables p_rexp_exog and p_rexp_imp are switched to exogenous, and the

corresponding elements (i.e. the elements of the sets NTRAD and pxoc in each region) of
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the non-spreading phantom tax rates (tax_nsph) are determined endogenously. This brings

equations E_p_rexp_exog and Ejt_rexp_imp into operation. The general shifter on these

two equations (fpentrad) is then switched to being determined endogenously, and the terms

of trade (toft) is determined exogenously.

Economy-wide employment (l_emp) is switched to the set of exogenous variables. The

real pre-tax wage (fpre) is already exogenous. The exogenous status of these two variable

is reconciled via the endogenous determination of a uniform cost-neutral change in the

ratio of labour and capital usage across all regional industries (f_nuistlk).

Finally, the nominal exchange rate (x_rate) is set exogenous. V/ith aggregate import

quantities and export quantities determined exogenously, and foreign curency import

prices and export prices (via the terms of trade) also determined exogenously, this

effectively determines the nominal Australian dollar value of net exports. Hence the ratio

of the Australian dollar balance of trade to nominal GDP (del_bt3dp) must now be

determined endogenously.

Column (4) summarises the remaining swaps, relating to regional macro variables, industry

and commodity level variables, and the government accounts, required to complete the

historical closure. Real foreign exports for one region (x4reg1) are determined

exogenously, and the region-specific general shift variable on non-traditional and

exogenous export volumes (ffeqSeneralrl) is determined endogenously. The economy-

wide general shift variable (þqSeneral) is returned to the set of exogenous variables, and

the adjustments in the positions of export demand schedules required to meet the

exogenously determined economy-wide export volume is now achieved by movements in

ffeqgeneralr2.

The number of households migrating between the two regions is known for each period of
the historical simulation. Hence Equation E_ch_migranls is over-ridden by determining

ch_migrants exogenously, and determining the shift variable on E_ch_migrants

endogenously.

Regional household commodity demands are set exogenously in a number of steps. First,

since regional household commodity demands are to be determined exogenously, this will
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effectively determine real household consumption expenditure. Hence ave_a3 can no

longer operate to ensure that household preference changes are budget neutral, and instead

regional household budget constraints must be determined endogenously via the

endogenous determination of f_apc. Hence ave_a3 is determined exogenously, andf_apc

is determined endogenously. Next, the regional household consumption categories

(x3ncom) are determined exogenously, and the taste change shift variable on these

categories (a3ncom) are determined endogenously. The link between the exogenous

determination of the household consumption categories and the rnpeRnL-r consumption

theory is then established by setting the shift variable a3shift exogenous and setting

endogenous the household taste change shift variables (f_a3_lv). Household real

consumption expenditure in one region (x3reg¡) is then determined exogenously by setting

endogenous the shift variable (f_x3r1) on the exogenous household consumption

categories. Finally, the corresponding shift variable for region 2 (f_x3r2) is also

determined endogenously, and the economy-wide average propensity to consume (f_eq19)

is determined exogenously.

Real investment at the regional and industry levels are set exogenously in a number of
steps. First, real investment by national investment sector þ_s) is determined exogenously

and the shift variable on Equation E_,þ_nat (fy_s) is determined endogenously. Next, the

link must be established between the exogenous determination of investment by

investment sector, and the FEDERAL-F theory determining investment by industry. This

requires that the industry-specific capital supply schedule shift variables (dJ_eeqrorj) be

determined endogenously, and that either Equation E_-þ_nat (Option 1) be brought into

operation by determiningfi_nal exogenously, or that Equation EJdJ_eeqrorj (Option 2)

be brought into operation by determining fdJ_eeqrorj¡ exogenously. The exogenous

determination of investment by national investment sector effectively determines real

national investment. However real national investment (x2nat) is also determined

exogenously. This is desirable because of the possibility of small differences between

official statistics and the FEDERAL-F database in the shares of investment by sector in total

investment. Any incompatibility is avoided by setting endogenous the common shift

variable fOthú) on sectoral investments. The corresponding exogenous variable is

dJ_eeqror: with the positions of every national industry capital supply schedule now

endogenous, this variable must now be exogenous.
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Next, investment for selected investment sectors for one region can be set exogenously.

Generally, this can be done by determining exogenously the reievant elements ofy_sr, and

determining endogenously the corresponding elements of the shift variable fy_sr. The link
with the FEDERAL-F investment theory is then established by first setting endogenous the

positions of the relevant regional industry capital supply schedules (dJ_eeqrorjr), and,

either setting exogenous the shift variable fy_p56 (Option 1) or the shift variable

fdJ_eeqrorjr (Option 2). However, as foreshadowed in Chapter 2, this general approach

has not been followed in the simulations reported in Section 4.5. The sectors for which

Tasmanian investment data were available differed from the sectoral definitions for which

national investment data were available. To allow the Tasmanian data to be used,

Equations E_1fdJ_eeqrorjr and E¡þt__¡t56 are used as an alternative to the general

approach outlined above. Selected Tasmanian sectoral investments þ,,_tr) are first

determined exogenously by setting endogenous the corresponding elements of the shift

variable fy_tr. The link between the exogenous determination of Tasmanian sectoral

investments and the FEDERAL-F investment theory is then established by setting

endogenous the appropriate Tasmanian elements of dJ_eeqrorjr and then either setting

exogenous the corresponding elements of fyt1t56 (Option 1) or tfdJ_eeqrorjr (Option

2). Finally, Tasmanian real private investment expenditure (i_rr) is determined

exogenously, and the Tasmania-wide shift variable on the positions of Tasmanian industry

capital supply schedules (dJ_eeqror_r1) is determined endogenously. Since real

investment for only a selection of Tasmanian investment sectors is determined

exogenously, there is no incompatibility to be resolved between the exogenous

determination of both Tasmanian sectoral investments and aggregate Tasmanian

investment.

Employment by employment sector in each region (emp_s) is determined exogenously

under the historical closure, and the corresponding sectoral shifters on either Equation

E_-þmpjr,feffip_s, (to implement Option 1) or Equation E1ffafac, shift_afac, (to implement

Option 2) are determined endogenously, Either Equation E_1þmpjr (Option I) or Erffafac
(Option 2) must then be brought into operation by setting exogenous either fempjr or ffafac
respectively. Under either option, the regional industry primary factor productivity shift

variables (f_alfacjr) must be endogenous. With regional sectoral employments

exogenous, this effectively determines both regional and national employment. Hence

national employment (l_emp) must be returned to the set of endogenous variables, and the
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economy-wide primary factor productivity shift variable (f_aJac) must be returned to the

set of exogenous variables. Nevertheless, small differences in employment shares between

the model and official statistics may lead the model results for regional employments to

depart from those as given by official statistics. To overcome this, the common shift

variable on regional sectoral employments (f_lr_emp) is set endogenous, and regional

emp loyme nts (l r _emp) are determined exo genously.

Output by commodity sector at the national level (x_s) is determined exogenously under

the historical closure, and either the shift variable/x_s in Equation Elix_total (Option 1) or

the shift variable shift_ai in Equation E_.¡fai (Option 2), is determined endogenously. If
Option 1 is implemented then Equation EJx_torøl is brought into operation by setting the

shift variable fx_total exogenously, and determining commodity-specific economy-wide

technical change in commodity usage (øi) endogenously. If Option 2 is implemented, then

Equation EJai is brought into operation by setting the shift variable føi exogenously, and

determining ai endogenously. The impacts that commodity using technical change would

otherwise have had on the costs of current production and capital formation are then

neutralised by bringing equations E_delJ_al and E_delJ_a2 into operation. This

involves setting endogenous the all-input using technical change shift variables relating to

current production (a_inl) and capital formation (a_in2), and setting exogenous the

corresponding elements of the shift variables delJ_a1 and delJ_a2.

Real output for a selection of Tasmanian output sectors (x_sr¡,¡) is determined exogenously

under the historical closure. For non-margin commodities, this is facilitated by the

endogenous determination of the inter-regional sourcing twist variables (twist_isbot(i)).

These can be determined by bringing either Equation Elfx_tot (Option 1) or

E1fì_nuist_isbot (Option 2) into operation. In the first case, the shift variable fx_sr on

Equation Elfx_tot is determined endogenously, and Equation Elfx_tol is then brought into

operation by swapping the endogenous / exogenous status of fx_tot and twist_isbot.

However if Option 2 is implemented, then the shift variable twist_is_^s on Equation

Elfi_nuist_isbot is determined endogenously, and this equation is then brought into

operation by swapping the endogenous / exogenous status of nuist_isbot andfi_twist_isbot.

For margin commodities, and utilities (for which there is no interstate trade), the

appropriate elements of x_sr andfx_sr are swapped, and Equation Elfx tot is then brought

into operation by swapping the exogenous / endogenous status of the appropriate elements
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of fx_tot and ais. With the real output of most Tasmanian industries thus determined

exogenously, this closure is sufficient to iargely determine real Tasmanian gross regional

product at factor cost. Aggregate indirect taxes are determined by both the government

accounts closure, and the exogenous determination of traditional export commodity prices

and the terms of trade. Hence Tasmanian gross regional product at market prices is also

largely determined by this closure. With employment and capital stocks by industry

determined exogenously, this determines primary factor productivities by industry.

Furthermore, with real Tasmanian consumption, investment, regional and Commonwealth

goverrìment consumption spending, and foreign exports all determined exogenously, this

closure effectively determines Tasmania's interstate trade balance. Again, because of
small differences between the database shares and the shares from official statistics in
value added by regional industry, real gross regional product at factor cost (r3rpfc37) is

set exogenously, and the coÍrmon shift variable on the Tasmanian sectoral outputs (fxsr¡)

is determined endogenously. .

All the major categories of Commonwealth Govemment receipts (other than residual

receipts, r_rcpts) are determined exogenously under the historical closure. The shift

variable on the average rate of PAYE tax (fswitch_paye) is determined endogenously so

that Commonwealth PAYE receipts (b41) can be determined exogenously. Other

Commonwealth Government income tax receipts (ba2) are determined exogenously and

the shift variable coÍrmon to the equations determining both per-unit capital and per unit

land taxes (f_o_it) is determined endogenously. Commonwealth import duty receipts (b43)

are determined exogenously, and the general shift variable on tariff rates (/ 13) is
determined endogenously. Commonwealth production tax receipts (b44) are determined

exogenously and the general shift variable on rates of Commonwealth production tax

(ffprod) is determined endogenously. Commonwealth commodity tax revenues (b45) are

determined exogenously, and the general shift variable on Commonwealth commodity tax

rates (com_tax) is determined endogenously. Export tax revenues (b46) are determined

exogenously with the general shift on the export tax rate (ft4) set endogenously. Finally,

Commonwealth other receipts þal is determined exogenously, and the shift variable on

the real value of Commonwealth other receipts (fswitchJ4Z) is determined endogenously.

Aggregate Commonwealth outlays on unemployment benefits (u_benefit) and other

transfers to persons (transfers) are each determined exogenously under the historical
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closure. This requires that the real value of unemployment benefit payments per person

(fur_b), and the shift variable on the real value of other Commonwealth transfer payments

(f65), each be determined endogenously.

Each of the major categories of regional govemment receipt is determined exogenously

under the historical closure. Payroll tax receipts (sgptr) are determined exogenously in

each region, with the change in the average rate of regional payroll tax (frollr) determined

endogenously. Regional govemment residential land tax receipts (rltax) are determined

exogenously, with the shift variable on the rate of residential land tax (fres_tax) determined

endogenously. Commercial land tax receipts collected by each regional government

(cltax) are determined exogenously, and the shift variable on the average regional rate of
commercial land tax (fcom_taxr) is determined endogenously. Regional government

receipts from income reducing taxes (b34r) are determined exogenously with the regional

shift variables on the average rate of such taxes (fjtax) set endogenously. Commonwealth

transfers to each regional government (b35r) are determined exogenously, and the real

value of Commonwealth inter-governmental transfers (f64r) is determined endogenously.

Commodity tax receipts collected by each regional government (b36r) are set exogenously,

and the region-specific uniform shift variable on cornmodity tax rates (salesløx) is

determined endogenously. Either total regional government production tax receipts (b37r),

or (if the CPI-X pricing rule for utilities is implemented) regional govemment production

tax receipts from non-utilities industries73 çrod-n-uti[) are determined exogenously, with

the region-wide shift variable on the rates of such taxes (fprodr) being determined

endogenously. Finally, other regional govemment receipts (b38r) are determined

exogenously, with the real value of such receipts (f3etr) being determined endogenously.

The nominal values of regional government transfers to persons (t5I) are switched to being

determined exogenously under the historical closure. To accommodate this, the shift

variable measuring the real value of regional government transfers to persons (f_transr) is

determined endogenously.

Under the historical closure, the foreign currency prices @_rexp) of traditional export

commodities from each region are determined exogenously. This is accommodated by

73 Production taxes from utilities are essentially treated as quasi GBE profits when the CPI-X rule for
determining utility prices is implemented.
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setting endogenous the corresponding elements of the non-spreading phantom tax shift

variables (tax_nsph) on per-unit phantom taxes on exports.

A number of changes to the standard comparative static closure are made to allow for the

exogenous determination of the changes in the net asset positions of regional governments,

regional households, and the Commonwealth Govemment. These changes effectively

determine endogenously the net foreign income component of the current account. The

changes in the nominal borrowing requirement of the Commonwealth Government (cb2) is

determined exogenously, and the otherwise exogenous component of Commonwealth net

foreign outlays (t64) is determined endogenously. The change in the net borrowing

requirements of each regional goverTrment (cblr) are determined exogenously, with the

shift variable common to both residual regional govemment foreign outlays and receipts

(fn¡;htft) determined endogenously. Regional household savings (n sav) are determined

exogenously, and the otherwise exogenous component of household net foreign income

(ex _hhnfi) is determined endogenously.

The share of sales taxes in the total value of investment (sh stax2) is determined

exogenously under the historical closure. This allows this variable to be built up slowly to

its required value in 1999/00 (See Section 5.3). This is accommodated by determining

endogenously the capital component of the shift variableJk_tc}_ind.

In undertaking the historical simulations, I have assumed that the capital ownership shares

of domestic agents adjust in response to changes in their savings, with the share of foreign

capital ownership within each regional industry then adjusting as a residualTa. This

requires that Equation Elfsk_owners be made operational, by swapping the endogenous /
exo genous status of s k _owner s q ¡, r and fs k _own ers 

n ¡, r.

The prices of individual consumer commodities, in addition to the consumption

expenditure deflator for one region, and both the regional and Commonwealth Government

consumption deflators for each region, are determined exogenously during the historical

simulations. The swaps between rows 144 and 159 of Table 4.1 make this possible.

Consumer prices in each region for each national accounts commodity Qt3ncomnn,) are

7a See Section 2.5.8.2
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determined exogenously, and the corresponding elements of the shift variable on Equation

E_p3_.ff_na (fp3ncom,n,,) ate determined endogenously. The i indexed shift variable on

Equation 813;ff_na (p3shift¡,) is set exogenously, and the shift variable fp3r¡., on

Equation E,ffp3r is determined endogenously. These swaps allow the exogenous

determination of national accounts category consumption prices to drive the ¡poeRRI--¡

consumption prices by commodity and region. The link between the exogenous

determination of national accounts prices and consumer prices in the FEDERAL-F model is

then established by settingffp3r¡,¡,y axogaÍrous. The exogenous determination of consumer

prices is then accommodated in the model by setting endogenous the phantom tax shifters

on household consumption (fphtax3¡,,,). Finally, the economy-wide collection of phantom

taxes on household purchases Qthant3nat) is set exogenously, and the economy-wide shift

variable (f_p3gen) on national accounts commodity prices by region is determined

endogenously.

A number of expenditure deflators are determined exogenously during the historical

simulations, with the corresponding phantom tax shift variables determined endogenously.

With the national consumer price index exogenous, the consumer price index for only one

region @3reg¡) can be determined exogenously. The corresponding element of the general

regional shift variable in Equation El3ncom (f13ri) is then determined endogenously.

Finally, the investment price indices Qt2reg,), regional government consumption price

indices Qtîreg,), and Commonwealth Government consumption price indices Qt6reg,) are

determined exogenously, with the corresponding elements of the region-specific phantom

tax shift variables (fphtax2,,fphtax5,, andfphtax6, respectively) determined endogenously.

The foreign curency import price index @Mnat,þ) is determined exogenously by

determining the uniform shift variable on individual commodity import prices (f_p^p)
endogenously.

Real consumer wages in each region Qtrewage_rr) are determined exogenously by

determining endogenously the region-specific shifters on real consumer \¡/ages (fpre) in
Equation Egewage.

The CPI-X pricing rule for utilities industries is brought into operation by setting

exogenous the shift variable fn_utility on Equation E1þ_utility. Movements in the basic
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prices for utilities, now determined by this equation, are accommodated by movements in
the (now endogenous) regionai government production tax rates on the output of these

industries (fprodr).

4.2.2 The decomposition closure

Column 5 of Table 4.1 describes the endogenous / exogenous status of the key variables

which describe the decomposition closure. The decomposition closure differs from the

short run comparative static closure (Column 1) in only a few regards. The first of these

relate to the variables described between rows (10) and (14) inclusive and row (23). The

shift variable delJ_ac_p¡r.,is exogenous, bringing the year-on-year capital accumulation

equation E_delJ_ac1¡r into operation, which now determines cap_at_t. Equation

E_cap_at_tplusl is rendered inoperative by determining endogenously the shift variable on

that equation (f_eqn54), and the tr¿oNlsu capital supply functions are brought into

operation by setting exogenous the shift variables dJ_eeqrorjr. The variable omega now

serves no function, so it is determined exogenously. National and regional investment is

now determined by the positions of the regional industry capital supply schedules and

expected rates of retum, so the comparative static indexing relationship established by the

exogenous status of finv_com is broken by setting that variable endogenous.

The second swap occurs at rows (21) and (22), which switches the numeraire from the

nominal exchange rate (x_rate) to the economy-wide household consumption price index

(p3nat).

The second option for tracking changes in capital ownership shares (see Section 2.5.8.2) is

brought into operation at rows (142) - (143) by setting sk_owners endogenous, and

fsk_owners exogenous.

The final set of swaps relates to phantom taxes. During the decomposition simulation, it is
the powers of the phantom taxes that are shocked by the values that they attained under the

historical simulation, not the per unit phantom taxesTs. Hence the powers of the phantom

taxes Qtowtax2ph through to powtaxíph) are determined exogenously (rows 164 - 168),

requiring that the corresponding elements of the per unit phantom tax shift variables be

75 See Section 2.3.1 for a discussion of the reasons for this.
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determined endogenously. Hence fphtax2isr (row 169),fphtax3 (row 148), tax_nsph (rows

33, 35, and I33), fphtax|isr (row 170) and þhtaxíis (row l7l) are determined

endogenously.

4.2.3 Shocked exogenous variables under both the historical and decomposition

simulations

Those elements of X(HD) that are shocked under both the historical and decomposition

closures are described in Table 4.2. The first nine of these are homotopy variables, which

together drive debt accumulation by both levels of government, capital accumulation,

changes in capital ownership shares, population growth and inter-regional migration, and

establish the lagged value of the consumer price index. Real outlays (whether capital or

current) by each regional government and the Commonwealth Government, are also

determined exogenously under both closures (rows 11 - 14). The remaining variables that

are determined exogenously under both closures are regional participation rates (row 10),

changes in the natural population growth rate (row 15), relative movements in the foreign

currency prices of individual commodity imports (row 16), and regional industry

differentials in real (consumer) wages (row l7).

Table 4.2: Shocked elements of X(HD)

Row Variable description Variable name

I
2

3

4
5

6
7
I
9
10
11

t2
l3
t4
l5
l6
t7

Commonwealth debt accumulation
Capital accumulation
Closure of residuals
Regional government debt accumulation
Check coefficients
Natural population growth
Inter-regional migration
Lagged CPI
Option 2 capital ownership
Regional participation rates
Real Commonwealth consumption
Real Commonwealth capital expenditure
Real regional government consumption
Real regional government capital expenditure
Change in natural population growth rates
Relative movements in foreign currency import prices
Regional industry real consumer wage differentials

del_unity
del_unityr
del_unityr2
del_unityr3
del_unityr4

clel_unity_ml
del_unity_m2

del_cpi_l
del own H
p_ltp_rate

f_xr_cg
f1þd_capr

_f_x_sg
f_sg_invest

del_natgrowth

f-pmp-i
fprejr
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4.3 V¡rnATroN oF STMULATToN RrsrrlTs

A number of steps are undertaken to check the implementation of the model during the

historical simulations. First, the model is subject to three homogeneity tests (two real and

one nominal) at the commencement of each simulation year. These tests consist of a

standard nominal homogeneity test; a standard real homogeneity test implemented by

uniformly increasing factor availability; and a real homogeneity test implemented by

uniformly increasing effective factor availability by increasing factor productivities. Each

of these tests is conducted under both a comparative static closure, and a closure in which

the year-on-year capital accumulation equations are operational, bringing the total number

of homogeneity tests to six. These tests are implemented at the beginning of each

simulation year to not only check the computer implementation of the model, but to ensure

that the database has updated correctly during the previous simulation.

The second set of checks ensure that certain macroeconomic aggregates, when calculated

on differing bases, nevertheless yield identical results. Hence, real aggregate investment at

both the regional and national levels are calculated from both the commodity usage side,

and the investment budget side. These are compared to ensure that they are equal.

Similarly, real household consumption at both the national and regional levels are

calculated from the commodity usage side and the consumption budget side, and again

checked to ensure equality. Three definitions of gross regional product at factor cost are

calculated, each yielding identical results. Gross regional and national product at market

prices are calculated from both the expenditure and income sides, again producing

identical results. Further details on the calculation of these regional and national

macroeconomic indices are provided in Sections 2.I3 and2.l4 respectively.

Finally, the updated database from the previous period's simulation is checked at the

commencement of each simulation period to ensure that it has remained balanced.
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4.4 Dnl,AND sHocKS FoR THE HISToRICAL SIMULATIoN

4.4.1Introduction

In Section 4.4, the sources of the data used to calculate the shocks to the model in the

historical simulations are discussed. Most of the shocks were calculated from published

and unpublished Australian Bureau of Statistics data. Some govemment accounts data

were obtained from government budget papers.

4.4.2 Employment by industry

Quarterly data on employment by industry for both Tasmania and Australia were obtained

from ABS (1999g). These data related to the period February 1992 to August 1999, and

were classified at the two-digit ANZSIC level (See ABS 1993). These data were

converted to a financial year basis by taking the average of the August, November,

February, and May quarters within each financial year. The industrial classification system

of the FEDERAL-F database is based on the ASIC system, which preceded the introduction

of ANZSIC. To obtain a more precise correspondence between the two classification

systems, it was necessary to both aggregate the data of some ANZSIC categories, and to

re-classiff some FEDERAL-F categories, into broad sectors. Table 4.3 describes these

aggregations and reclassifications. The link between the two classification systems is

provided by the broad employment sectors described in the central column. The ABS

employment data rwere aggregated to these sectors. As described in Section 2.2.9, it is the

percentage changes in employment within each of these employment sectors (emp_s) that

form the shocks to employment by industry and region.

The Labour Force Survey is the only source of annual data on employment by industry for

the Tasmanian and Mainland regions. Unfortunately, for many Tasmanian industries, the

small sample estimates result in high relative standard errors. These manifest themselves

in wide swings in employment from year to year for some Tasmanian industries. These

employment swings do not accord with the changes in the ABS's estimates of value added

by industry. If the Tasmanian employment by industry data from the Labour Force Survey

were to be used uncritically and without amendment in the historical simulations, then the

result would be wide and untenable year-to-year movements in factor productivity by

industry.
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Table 4.3: A¡IZSIC / Employment Sector / FEDERAL-F Concordance

ABS Câtegories (ANZSIC range in brackets) Employment Sector FEDERAL-F Categories

Agriculture (01)

Services to agriculture-hunting & trapping (02) l. Agriculture l. Agriculture

2. Forestry and loggingForestry & logging (03) 2. Forestry

Commercial fishing (04) 3. Fishing 3. Fishing and hunting
Coal Mining (l l)
Oil & gas extraction (12)

Metal ore mining (13)

Other mining (14)

Services to mining (15)

4. Mining 4. Mining

Food, beverages & tobacco (21) 5. Food etc.

5. Meat, smallgoods, and poultry
6. Milk products
7. Fruit and vegetable products

8. Processed seafoods

9. Confectionary and cocoa

I0. Cereal products, B&C's
1 l. Beverages and malts
12. Tobacco

Textile, clothing, footwear &leather (22) 6. Textiles etc. 13. Textile, clothing, footwear

Wood and paper product (23) 7. Wood etc.
14. Logs, sawmilling, and woodchips
15. Joinery, boards, fumitures and mattresses

I 6. Paper, paper boards, and other paper
products

Printing, publishing & recorded media (24)

Petroleum, coal, chemical & associated product
(2s)

8. Printing etc. I 7. Printing and other allied industries
Basic chemicals

19. Petroleum
9. Petroleum etc.

Non-metallic mineral product (26) 10. Non-met Min Prods 20. Non-metallic mineral products

Metal product (27)

Machinery & equipment (28)
Other (29)

I l. Metal products
21 . lron and other basic metal products
22. Structural, sheet and other fabricated metal
products

12. Machinery and Other
23. Ship and boat building, motor vehicles and
parts
24. Machinery, equipment, and miscellaneous

Electncrty and gas supply (36)

Water supply, sewerage & drainage services
(37)

13. utilities
25. Electricity
26. Other utilities

General construction (41)

Construction trade services (42) 14. Construction
27. Residential building
28. Other construction

Basic material wholesaling (45)

Machinery & motor vehicle (46)

Personal & household good (47)

Food (5 I )
Personal & household good (52)

Motor vehicle retailing & services (53)

15. Trade 29. Wholesale, retail trade, and insurance

Accommodatlon, catès & restaurants (57) 16. Accommodation etc. 3 L Restaurants and hotels.

Road transport (ó ì )

Rail transport (62)

Water transport (63)

Air & space transport (64)

Other transport (65)

Services to transport (66)

Storage (67)

17. Transport and Storage 30. Transport and storage
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ABS Categories (ANZSIC range in brackets) Employment Sector FEDERAL-F Categories

Communicatron Services (7 I ) 18. Communications 32. Communications
Finance (73)

Insurance (74)

Services to finance & insurance (75)

Property services (77)
Business services (78)

19. Finance 33. Finance, property, and business services

Government administration (8 I )
Defence (82)
F¿|"¡arin- ¡/Q/\

35. Public administration and defence

36. Community services

Motion picture, radio & television services (91)

Libraries, Museums & the arts (92)

Sport & recreation (93)

Personal Services (95)

Other services (96)

Private households employing staff (97)

Health services (86)

Community services (87)

20. Public Admin and Def.

2l . Community services

22. Recreation 37. Recreation, personal, and other services

Table 4.3: ANZSIC / Employment Sector / FEDERAL-F Concordance continued)

Hence a proxy for the percentage rate of change in employment by Tasmanian

employment sector was calculated in the following way. First, a linear trend line was fitted

to the original six year's worth of Labour Force Survey data. For each sector, annual

average rates of employment growth over the period 1992193 to 1998199 were then

calculated from this equation using its estimates of the level of employment in 1992193 and

1998199. Second, for all Tasmanian employment sectors, the values for the year-on-year

percentage changes in output were taken as a starting point for the values for the year-on-

year percentage rates of change in employment. Of course, over the six years 1992193-

1998199, the annual average percentage change in output by sector did not equal the (trend

estimate) annual average percentage change in employment by sector. To ensure that the

new estimates of year-on-year employment changes by Tasmanian employment sector

produced a six year annual average equal to that implicit in the trend estimate, the starting

estimates for year-on-year employment changes (ie. values of the output growth rates) for

each sector were next adjusted by the addition of a (uniform) number in each year. The

value of this number for each sector was chosen to ensure that the annual average gowth
rate over the period for the new estimate of the year-on-year percentage changes in each

sector's employment equalled the annual average growth rate implicit in the original

employment data for that sector.
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A final adjustment was made to the Tasmanian employment data relating to the electricity

component of the Utilities sector. First, rather than use Labour Force Survey data for this

sector, actual employment data were obtained from the Tasmanian Hydro Electricity

Corporation (HEC). Two further adjustments were then made to these data. Over the

study period, some falls in the HEC's employment were due to the finalisation of the

HEC's construction activity, and some were due to outsourcing. The HEC's Human

Resources Manager made estimates of both available. The effects of both were then

removed from the calculation of the annual percentage rate of change in electricity

employment. Construction workers were subtracted from the data, as if they had not been

originally employed by the HEC. Outsourced workers were added back to the original

data, as if they continued to be employed by the HEC. In this way a better estimate of the

labour input to the Tasmanian electricity sector was obtained, in preparation for the

microeconomic reform simulations undertaken in Section 6.1.

4.4.3 Gross fïxed capital formation by industry

Gross fixed capital formation by Australian industry by financial year were obtained from

two Australian Bureau of Statistics publications. First, the Australian National Accounts

(ABS 1999h) contains chain volume measures of national gross fixed capital expenditure

for each l-digit ANZSIC category. This is the only level of industrial classification for
which these national accounts data are available, whether in published or unpublished

format. The second source was unpublished ABS data (ABS1999j). These data are

available for all l-digit ANZSIC categories other than Agriculture and Government

Administration, Education, and Health and Community Services. Furtherlnore, the private
inr¡pcfmcnf rTolq q¡a o"oilol-lo af fho 1 ,7ini+ 

^\T7QTñ 
l^"-l f^- -ll 1 't;^:+ ^^+^-^...i^^ ^+L^-uL L¡rv L vLörL r ur¿urv rwvwr ¡vr ørr r-urórL v4lvËvrrL,ù uLrlgl

than Mining. These data are available for both Australia and Tasmania. Unfortunately,

much of the Tasmanian data was unpublishable for confidentiality reasons. Hence, for
Tasmania, investment at the 2-digit ANZSIC level for each year between 1992/93 and

1998199 was ultimately available for only four manufacturing industries: Petroleum, Coal

and Chemical Manufacture; Food, Beverage, and Tobacco Manufacture; Wood and Paper

Products; and Metal Products Manufacture. The number of l-digit industries for which

these data were available was also restricted by confidentiality. The data were available

for Mining; Manufacturing; Wholesale Trade; Retail Trade; Transport and Storage; and

Finance, and Property and Business Services.
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Investment by investment sector at the national level is set exogenously in the historical

simulation using data from both the Business Survey and the National Accounts. Chain

volume measures of total gross fixed capital formation from the national accounts were

used for all sectors other than those within manufacturing. For manufacturing sectors, the

national accounts data were used to determine aggregate manufacturing investment by

year. However, private investment data for 2-digit manufacturing industries were available

from the Business Surveys publication. The National Accounts' manufacturing investment

was apportioned among 2-digit manufacturing categories on the basis of the shares of
private investment by 2-digit manufacturing in total manufacturing private investment as

given by the Business Survey's data. The industrial categories given by this combination

of both ABS National Accounts data and ABS Business Surveys data are listed in column

1 of Table 4.4. In the same manner as is discussed in Section 4.4.2 in relation to

employment by industry data, a correspondence between the industries by which the ABS

investment data were classified, and the FEDERAL-F industrial categories, was obtained by

classifuing both within common broad industry sectors. These broad industry sectors are

located in the central column of Table 4.4. The ABS categories that they cover are

adjacent in the left hand column, and the FEDERAL-F categories that they cover are adjacent

in the right hand column. As described in Section2.6.22, it is the percentage changes in

investment within each of these (centre column) investment sectors (given by the shocks to

y_s) that form the national investment by industry shocks to the model.

As discussed earlier, private investment at current prices for Tasmania were available for

seven l-digit ANZSIC categories and four 2-digit ANZSIC manufacturing categories from

Business Surveys data. These had to be converted to real indices of private investment

before being used to generate shocks to the model. ABS(1999h) presents both chain

volume measures and current price measures for gross fixed capital formation by l-digit
ANZSIC industry. From these data I derived price indices for the national 1-digit ANZSIC

categories, and used these to deflate the Tasmanian current price estimates of private

investment by industry. Percentage rates of
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Table 4.4: ABS / Investment Sector / FEDERAL-F Concordance - National Data

ABS National accounts / business survey
category

lnvestment sector FEDER.AL-F category

l. Agriculture

2. Mining

3. Food etc

Agriculture, forestry and fishing

Food, Beverage and Tobacco Manufacturing

Wood and Paper Products

and
Manufacture 4. Textiles etc.

5. Wood etc.

6. Milk products

7. Fruit and vegetable products

8. Processed seafoods

9 Confectionary and cocoa

10. Cereal products, B&C's
I l. Beverages and malts
12. Tobacco

13. Textile, clothing, footwear

15. Joinery, boards, fumitures and mattresses

I 6. Paper, paper boards, and other paper

poultry

and

2. Forestry and logging
3. Fishing and hunting

6. Printing etc.

22. Structural, sheet and other fabricated metal

24. Machinery, equipment, and miscellaneous

other allied

c

7

motor

18. Basic chemicals
19. Petroleum

23. Ship and boat
parts

7. Petroleum etc.

8. Non-met Min Prods

9. Metal Products

10. Machinery

Petroleum, Coal, Chemicals etc

Metal Products

gas, water

Other Manufacturing

Non- Products

I l. Utilities

Wholesale trade

Retail trade

Construction 12. Construction

13. Trade

27. Residential building
28. Other construction

29. Wholesale, retail trade, and insurance

25. Electricity
26. Other utilities

14. Transport and storage 30. 1-ransport and storage

I l. Restaurants and hotels.
)

17. Finance

etc.

t6.
l5

33. Finance, property, and business servicesProperty and business services

storage

restaurants

Communications

18. Ownership of dwellings 34. Dwellings
19. Public admin. 35. Public admin and defence

20. Community services
Education
Health and community services

Cultural and recreational services

Personal and other services 21. Recreation etc. 37. Recreation, personal, and other services

36. Community services
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change in private real gtoss fixed capital expenditure were ultimately derived for nine

broad sectors, which together represented 24 of FEDERAL-F's 37 industry sectors. These

nine sectors, and the ¡¡oeR¡,1-r industries of which they are comprised, are summarised in

Table 4.5.

Table 4.5: Tasmanian Investment Sector / FEDERAL-F Sector
Tasmanian Investment Sector FEDERAL-F Sector
l. Mrnrng

2. Food and beverages

4. Minrng

5. Meat, smallgoods, and poultry
6. Milk products
7. Fruit and vegetable products
8. Processed seafoods
9. Confectionary and cocoa
10. Cereal products, B&C's
I L Beverages and malts

3. Wood and Paper Products 14. Logs, sawmilling, and woodchips
15. Joinery, boards, furnitures and mattresses
16. Paper, paper boards, and other paper products
17. Printing and other allied industries

4. Petroleum 18. Basic chemicals
19. Petroleum

5. Metal Products 21. Iron and other basic metal products
22. Structural, sheet and other fabricated metal products

6. Other Manufacturing 12. Tobacco
13. Textile, clothing, footwear
20. Non-metallic mineral products
23. Ship and boat building, motor vehicles and parts
24. Machinery, equipment, and miscellaneous

7. Trade

8. Transport and Storage

9. Finance, Properfy, Business Services

10. Other"

29. Wholesale, retail trade, and insurance

30. Transport and storage

33. Finance, property, and business services

L Agriculture
2. Forestry and logging
3. Fishing and hunting
25. Elechicity
26. Other utilities
27. Residential building
28. Other construction
31. Restaurants and hotels.
32. Communications
34. Dwellings
35. Public administration and defence
36. Community services
37. Recreation, personal, and other services

fl. Investment tlota not avniloblefor this sector
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4.4.4 Output by industry

Indices of output by industry were calculated from Australian Bureau of Statistics chain

volume estimates of value added by industry. These data were sourced from ABS (1999h)

and ABS (1999Ð. ABS (1999h) contains constant price estimates of value added at basic

prices by l-digit ANZSIC industry classification, and selected 2-digit ANZSIC industry

classifications. These data were aggregated into 22 sectoral groupings, to one of which

each of the 37 FEDERAL-F industry categories uniquely belongs (See Table 4.6). ABS

(1999Ð contains value added by l-digit ANZSIC industry classification for Tasmania.

This is the only level of industrial classification for which these Tasmanian data are

available, whether in published or unpublished format. Also, the data on value added by
industry at the state level are only available in current prices. The corresponding data at

the national level are available in ABS (1999h) at both current and constant prices. From

these data I derived national price deflators by industry, and used these to deflate the

current price estimates for Tasmanian value added by industry as sourced from ABS

(1999i). Percentage rates of change in activity for the following fourteen Tasmanian

industrial sectors were then calculated: Agriculture, Mining, Manufacturing, Electricity

Gas and Water, Construction, Trade, Accommodation etc, Transport and Storage,

Communications, Finance, Public Administration and Defence, Ownership of Dwellings,

and Recreation and Personal Services. Rather than add new equations to the model to
provide for a mapping between this set of fourteen industries and the 37 Tasmanian

industries recognised by the model, I used the existing set mapping betw een the 22

national industrial sectors, and the 37 Tasmanian industrial sectors (See Section 2.2.7 . For
example, the variable x_sr for Tasmanian sectors 4-11 (See Table 4.6) were all shocked by
the same percentage rate of change - being that for the Tasmanian Manufacturing sector as

a whole.

As discussed in Section 2.2.7, two techniques are used in the historical simulations to

exogenise commodity outputs by industry for Tasmania. The first of these is to set

endogenous source specific (that is, the Tasmanian source) technical change variables for
those Tasmanian commodities the volume of which are being determined exogenously. In
the present historical simulations, this technique is used solely for the margin commodities
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Table 4.6: National Accounts / Output Sector / FEDERAL-F Concordance

National Accounts Industry Output Sector f'EDERAL-F Sector

Agriculture L Agnculture l. Agriculture

Forestry and fishing 2. Forestry and fishing

3. Mining

2. Forestry and logging
3. Fishing and hunting
4. Mining

4. Food etc.

5. Meat, smallgoods, and poultry
6. Milk products

7. Fruit and vegetable products
8. Processed seafoods

9. Confectionary and cocoa

10. Cereal products, B&C's
1L Beverages and malts
12. Tobacco

sawmilling, and woodchips
15. Joinery, boards, fumitures and mattresses

16. Paper, paper boards, and other paper
ucts

8. Petroleum etc.

9, Non-met mins prods

5. Textiles etc

6. Wood etc.

10. Met prods

7. Printing etc.

Food, beverage and tobacco

Textile, clothing and footwear

Wood and paper products

Petroleum, coal, chemical etc.

Machinery and equipment

Other manufacturing

Mining

Electricity

c

Printing, publishing and

Metal products

I L Machinery and other

13. Other utilities

14. Construction

l2
Gas

Water supply, sevr'erage and drainage services

Construction

Wholesale trade

Retail trade
15. Trade

. ¡¡nmmn¡lafrn¡ ¡olàc an; 16. Accommodation

17. Transport and storage
-nmm,,ni ¡ot

19. Finance

22. Structural, sheet and other fabricated

24. Machinery, equipment, and miscellaneous

29. 'Wholesale, retail trade, and insurance

33. Finance, property, and business services

and storage

lcatlons

lc mineral products

7

motor

26. Other utilities

28. Other construction
27. Residential

25

18. Basic chemicals
19. Petroleum

23. Sh
parts

20. Public admrn and delènce

2l . Community services

Property and business services

Personal and other services

restaurants

stofage

administ¡ation
ces

servlcesCultural and

lnsurance

ces

22. Recreation and personal
servrces

37. Recreation, personal, and other services
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(Trade and insurance margins, Transport and storage margins, and Restaurant and hotel
margins) and utilities (Electricity, and Other Utilities) for which there is no interstate trade.

Recall that margins on conìmodity flows are used in fixed proportions to the commodity
flows to which they relate (See Appendix A, Section 9, and Section 2.ll). Changes in
source-specific margin using technology (that is, changes in the values of the variables

elmarrl¡;¡.1, a2maru,r,¡,r¡,¡ and so on) have a direct impact on the usage of the

corresponding margin commodity that is not mitigated by substitution induced by changes

in the effective-price of the margin commodity. This can be contrasted with the operation

of the source-specific commodity using technical change variables for the remaining non-
margin (and non-utility) commodities. Changes in the required number of units of a

source-specific commodity required to produce an effective unit of that commodity (ie.

changes in the ais's) also change the effective price of that source-specific commodity.

Changes in the effective price of the source specific commodity induce substitution away

from the commodity the effective price of which is increasing. This can lead to very large

and unrealistic results for the Tasmanian-sourced commodity-specific technical change

variables, when these are set endogenous to achieve Tasmanian commodity output targets.

The reason for this is that the operation of these variables on demands for Tasmanian

goods by Tasmanian agents and by Rest of Australian agents can have different signs.

Hence a technological deterioration (improvement) in the use of a given Tasmanian

sourced commodity can cause Tasmanian agents to increase (decrease) their usage of the

commodity, while causing Rest of Australian agents to decrease (increase) their usage of
the commodity. Hence the actions of Tasmanian and Rest of Australian agents will pull
total output of the Tasmanian sourced good in different directions. As a result, if the

technical change variable is set endogenous, and the Tasmanian output of the relevant
commodity is set exogenous, very large technical changes can be required to achieve the

exogenous output target. The problem arises because of differences between Tasmanian

and Mainland agents in the relative shares of Tasmanian-sourced goods in the construction

of an effective input of a given commodity. For Mainland agents, inputs sourced from the

Mainland and from the rest of the world represent a much greater share of the total cost of
constructing an effective input of most of the commodities that they use. Hence, for
Mainland agents, the impact of the effective relative price change arising from a change in
Tasmanian-source specific commodity technical change typically outweighs the direct
effect of that technical change. The reverse is true for Tasmanian agents. For these agents,

the direct effect of the technical change on the demand for the Tasmanian good typically

298



HISToRICAL SIMULATIoNS

outweighs the relative price effect. This is because Tasmanian sourced goods typically

represent, for Tasmanian agents, a much higher share in the total cost of constructing an

effective unit of any given commodity.

Rather than using source-specific technical change, the problem outlined above is

overcome by setting endogenous the commodity-specific inter-regional twist shifter

twist_src¡ for all non-margin and non-utility commoditiesT6. This variable then imparts that

cost-neutral shift in the ratio of the usage of the Tasmanian and Mainland sourced

commodity across all users, which is required to achieve the exogenous output target.

4.4.5 Commodify import prices

Indices of Australian dollar import prices for selected commodities are available from the

ABS (1999e). The commodities for which data arc available are the broad agriculture,

mining, and manufacturing sectors, in addition to selected commodities within the broad

agriculture and manufacturing sectors. The Australian dollar indices were converted to

foreign currency terms using the annual average of monthly TWI figures (See Section

4.4.10). Percentage changes in the foreign cuffency import prices of ne¡BRRL-r'

commodities I-24 could then be calculated. These formed the shocks to the relevant

elements of f ltmp_i, over the historical period.

4.4.6 Household consumption and purchaser's prices by national accounts commodity

Current and constant price estimates of household final consumption by national accounts

commodity categories for the period 1992193 - 1998199 were obtained from unpublished

ABS data (ABS 1999Ð. These data were available for both Tasmania and Australia. From

the constant price estimates I was able to calculate the annual percentage changes in

household consumption by national accounts category (x3ncom). Using both the current

and constant price estimates, I derived implicit price deflators by national accounts

commodity in each region, and used these to shockp3ncom.

tu That is, all non-margin and non-utility commodities other than Tobacco and Petroleum. The volume of
production of these commodities in Tasmania is very close to zero (they are essentially treated as dummy
industries). What little production is recogrrised in the database is treated as a sale to the Tasmanian regional
government. Hence it is not appropriate to determine the ouþut of these commodities by the exogenous
setting of sectoral outputs.
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4.4.1 Commonwealth Government accounts

Data on Commonwealth Government revenues (b41 - b47), net financing requirements

(cb2), and outlays on unemployment benefits (u_benefit) and other transfers to persons

(transfers) were obtained from ABS (1998a) and ABS (1999k) for the period 1992193 to

1997198. To calculate shocks to these variables for the 1998199 year, I used the

provisional estimates from Treasurer of the Commonwealth of Australia (1999). Estimates

of real current and capital expenditure by region were sourced from ABS (1999i).

4.4.8 Regional government accounts

Data on regional govemment revenues and net financing requirements were sourced from

ABS (1998a) for the period 1992193 to 1997198. For Tasmania, the percentage changes in

regional government revenues over 1998/99 were calculated from provisional estimates in

Treasurer of Tasmania (1999). A similar approach was not practical for the regional

governments represented by the rest of Australia, and so movements in their revenues for

the 1998199 year were set equal to their average annual movements over the period

1992193 to 1997198. Data on current and capital outlays, and transfers to persons, by both

Tasmanian and Mainland regional governments were available for the period 1992193 to

1997198 from ABS (1999k). The percentage change in Tasmanian current and capital

outlays, borrowing requirement, and transfer payments, for the 1998199 year were

estimated from Treasurer of Tasmania (1999). Again, a similar approach was not practical

for the rest of Australia. Instead, the percentage change in Mainland regional govemment

capital and current outlays were set equal to the percentage changes in general govemment

capital and current expenditures for that region over 1998/99 from ABS (1999Ð. The

percentage change in Mainland expenditure on transfer payments, and the change in the

borrowing requirement, over 1998199 were set equal to the annual averages of the same for

the period 1992193 to 1997198.

4.4.9 Traditional export commodity volumes and prices

Unpublished data on Australian and Tasmanian export volumes and values by ANZSIC

category were obtained from ABS (19991). Domestic currency price indices for each of
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these categories were then calculated on the basis of these volume and value data. These

price indices were converted to foreign currency terms using movements in the average

TWI in each year. Annual percentage changes in the prices Qtr_exp(tuao,r)) and volumes

(xr_exp(txto,r)) of each of the elements of the set Tr{AD were then calculated from these

data. The percentage change in export volumes for traditional export commodity i between

year t and year t-l was calculated as:

E-(o-(t)xpr(t-l)yl-(q*(t-l)xpu(t-1))-l]x100 , where lo(t) is the quantity of

exports in period r of ANZSIC commodity k subsumed by neoeneI--F coürmodity i, and

pu (t) is the price of the same. Similarly, the percentage change in the foreign export price

for traditional commodity i was calculated as:

E- (o- (t) x qu C - l)yI- (pu (t - 1)' qu C - 1))- l]x 100 .

4.4.10 National and regional macroeconomic variables

Values for national gross fixed capital formation (x2nat), the national import volume index

(xMnat), consumer price index Qt3nat), and terms of trade (toft), were sourced from ABS

(2000a). Back issues of the same publication were used to compile monthly values for the

TWT for the period 1992193 to 1998199, and percentage changes in the reciprocal of the

annual averages of these monthly values were used as a proxy for the percentage changes

in x_rate. Values for the domestic currency import price index were also sourced from

ABS (2000a), and converted to foreign currency terms using the annual averages of the

monthly TWI indices. This provided annual values lor pMnatlþ. Values for the national

export volume index (x4nat) and real national household consumption (cR), were sourced

from ABS (1999i).

Values for Tasmanian real gross regional product, real consumption, real foreign export

volumes, nominal household savings, and real private investment, \ryere sourced from ABS

(1999i). Total employment for Tasmania and the Mainland were sourced from ABS

(19999). An index for nominal pre tax wages was constructed from data from ABS

(2000b). Deflated by the consumer price index, this provided prewage_rr for each region.

Values for the regional investment, consumption, regional government, and

Commonwealth Government expenditure deflators Qt2reg, p3reg, pïreg, and p6reg
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respectively) were constructed from ABS(19991), which contains both current and constant

value estimates fbr these expenditure items.

4.4.11 Demographic variables

Regional participation rates by year were sourced from ABS (1999m). The annual number

of inter-regional migrants from Tasmania were sourced from ABS (1999n). The naturalTT

rates of population growth for each region by year were then calculated from these data

using the formula: g(t)=(f1l+l)+M(r))Æ(/)-1, where g(r) is the natural population

growth rate for period t, P(t) is the population aged 15 and over in year t, and M(r) is the

net emigrant numbers for period r. The annual changes in these growth rates provided the

estimates for del_natgrowth.

4.4.12 Regional industry wage differentials

Average weekly adult full time ordinary time earnings by industry for Tasmania and

Australia were sourced from ABS (2000c). These data were used to calculate shocks to

regional industry wage differentials çprejr¡,,) for all industries other than Rural, Forestry

and Logging, Fishing and Hunting, and Dwellings.

4.5 THs HrsroRrcAl AND DEcoMposrrroN STMULATToNS

4.5.1 IntroductÍon

As discussed in Section 4.2, the historical simulations produce results for a very large

number of structural and policy shifts (the elements of X[H,O)¡ for each year of the

simulation period. The results for these variables, in addition to the values for X(U,O),

form the shocks to the model during each year of the decomposition simulation. The result

for any element or xþ,D) o. xfn,D), in any given year of the decomposition simulation,

can then be decomposed into the individual contributions of the shocks to each of the

elements of Xfif,O) una X(ff,O). The number of shocked elements of X(ft,O) *¿

77 I subsume within my definition of natural population growth that which is attributable to foreign migration.
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X(H,n) is very large, with these shocks being administered in each of the six years of the

simulation period. Hence a number of strategies are adopted to condense the presentation

of the results in order to make the task of interpreting them more tractable.

The first of these strategies is to focus on annual average percentage rates of change in the

variables over the period 1992193 to 1998199, rather than annual values. This immediately

reduces the number of variables by a factor of six. The many structural and policy shifts

that were deduced from the historical simulation are then condensed down to eleven broad

sets of factors. Table 4.7 summarises the impacts of each of these factors. A selection of
macroeconomic variables, and industry results for a broad 12-sector industry

classificationts, are presented for each region. In discussing the interpretation of these

results, it is often helpful to refer to results that it is not convenient to individually report in

the tables in this Chapter. This is the case particularly for commodity and industry results

for the 37 sector classification, and for results of the decomposition equations discussed in

Sections 2.12.12 and 2.12.13. To avoid confusion, those results not individually reported

within the tables are indicated within the text by a "t" superscript. Finally, the more

detailed discussion of results is typically reserved for those variables relating to the

Tasmanian economy.

The columns in Table 4.7 have been arranged in ascending order of their importance in

explaining the growth differential between the two regional economies over the periodTe.

The growth rate in Tasmania's real gross regional product lagged that of the Mainland by

an average of 2.53 percentage points per annum over the period. The least important set of
factors explaining this gap were shifts in export supply schedules (Column 1). These

caused the size of the Tasmanian economy to grow more quickly relative to that of the

Mainland by approximately 0.53 percentage points per annum. The most important set of
factors is presented in Column (11). These factors caused the annual average growth rate

of the Mainland economy to exceed that of Tasmania by approximately 1.04 percentage

points per annum.

t' These are aggregated within the model from the 37 sector classihcation. See Section 2.12.10.
7e The growth differential is given by the difference between the first and second rows in the table.
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To further facilitate the discussion of the results, I have concentrated on the results in

Column (1) and Columns (7) through (11) of Table 4.7 . These explain the bulk of the

difference between the growth rates of the two economies. It is important to note that each

column in Table 4.7 consists of an aggregation of the impacts of a large number of sub-

shocks. Tables D.l through to D.6 in Appendix D go some way towards disaggregating

the individual impacts of these sub-shocks, at least for those summarised within Columns

(1) and (7) through to (11) in Table 4.7. However, even the results presented in Tables D.1

through D.6 are themselves typically the sum of the results of a very large number of sub-

shocks, of which space does not permit individual identification. To make this point more

concrete, it is worth noting that in total, Table 4.7 and Tables D.1 through D.6 summarise

the results of approximately 1,600 individual shockss0 delivered to the model in each of the

six years between 1992193 and 1998199. Some aggregation of these results is required to

make tractable the task of presenting and explaining them.

One of the conclusions from the investigation of these results will be that no single factor

or set of factors adequately explains a large proportion of the observed changes in

economic activity within the two regions. On the contrary, these changes in activity can be

traced to a very large number of individual shocks, each with varying and countervailing

impacts on the observed economic outcomes for the two regional economies. However,

while the results cannot be used to tell a simple story about the causes for the observed

changes in regional economic activity, they can be used to answer questions about what

were the relative impacts on the two economies of the many and various shocks to which

they were subject. The discussions that follow concentrate on those shocks and sets of
shocks that had the largest economic consequences.

Ultimately, the large number of shocks and results requires that the presentation and

discussion of the results be directed towards more modest ends than that of a complete

discussion of the determinants of the changes in both Tasmania's and Australia's economic

activity over the period. These ends are threefold. First, to both identiû and explain those

factors that had the largest effect on the relative growth rates of the two economies.

Second, to provide a ranking of the impacts of the various exogenous shocks to which the

two economies were subject; that is, to distinguish the unimportant from the important

80 Counting variables upon which the homotopy shocks op€rate.
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shocks. And finally, to make clear that the results of the model are explicable by reference

to the model's theory and <iata, thus demonstrating the successful implementation of the

model.

4.5.2 Shifts in Export Supply Schedules

4.5.2.1 Introduction

Column (1) of Table 4.7 summarises the impacts of the shifts in export supply schedules

that occurred in both regions over the study period. As discussed in Sections 2.17 and

4.2.I, shifts in expof supply schedules are implemented via shocks to non-spreading

phantom taxes on exports from each region. These shifts caused the annual average

growth rate of the Mainland economy to lag that of the Tasmanian economy, and also had

relatively large impacts on the industrial structure of both economies. The growth rate in

the Mainland's real gross regional product lagged that of the Tasmanian economy by

approximately 0.53 per cent per annum, reflecting a gap in employment growth rates

between the two economies of approximately 0.87 per cent per annum. In Tasmania, there

was a strong shift in economic activity away from Mining (employment and output

declined by 9 .25 and 8.7 6 per cent per annum, respectively) due to rising phantom taxes on

exports from this sector. The impact of these shocks on the Tasmanian economy was

somewhat attenuated by the nominal depreciation of the exchange rate brought about by

rising phantom taxes on Mainland non-traditional exports. The latter ultimately caused

output of the Tasmanian Manufacturing sector to expand, averting what would otherwise

have been a contraction in the output of this sector arising from rising phantom taxes on

Tasmanian non-traditional exports. There were smaller shifts in activity towards the

Utilities, and Agriculture sectors in Tasmania. These shifts reflected rising export and

intermediate input sales by these sectors, brought about by the indirect effects of rising

phantom taxes levied on Mainland non-traditional exports. In the Mainland economy,

there were shifts in activity towards Agriculture and Mining, reflecting expanding

intermediate and export sales by these two industries. Other Mainland sectors contracted.

This was largely due to a fall in the volume of export sales by these sectors, brought about

by upward shifts in their export supply schedules in response to rising non-traditional

phantom tax rates.
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A more complete picture of the factors underlying the results in Column 1 of Table 4.7 can

be obtained from Table D.1 in Appendix D. This table contains a disaggregation of the

results in Column (1), identiffing six broad sub-shocks. These six sub-shocks in turn

summarise the results of the shocks to the non-spreading phantom tax rates on individual

commodity exports from each of the model's two regions. The results for these shocks

have been aggregated according to the type of export (traditional, non-traditional, or

exogenous) and the export's region of origin (Tasmania or Mainland). Specifically, the

columns in Table D.1 aggregate the results for:

Column 1:

Column 2:

Column 3:

Column 4:

Column 5:

Column 6:

powtax[ph,.,

powtax4ph,,,

powtax{ph,.,

powtax4ph,,,

powtax4ph,,,

powtax{ph,,,

i e TRAD

i e NTRAD

I e EXOG

i e TRAD

i e NTRAD

i e EXOG

In examining the consequences of these shocks in more detail, we shall find that the factors

most important in explaining the Tasmanian results in Column (1) of Table 4.7 are rising

phantom taxes on: i. Tasmanian traditional and non-traditional exports; and ii. Mainland

non-traditional exportss I 
.

It is clear from Table D.l that, ceterus paribus, traditional and non-traditional export

supply shifts in Tasmania alone caused the size of the Tasmanian economy to contract at

an annual average rate of 1.30 per cent (C4;R182). However, this contraction was almost

entirely offset by the expansionary impact on the Tasmanian economy (+I.23 per cent per

annum) of the contraction in mainland non-traditional exports (C6;R1). The latter shock

effectively left the net impact on the Tasmania economy of nation-wide export supply

shifts as mildly contractionary (-0.13 per cent contraction - Cg;Rl). Furthermore, the

contraction in non-traditional export volumes from the Mainland caused the Mainland

tl The two exogenous export industries (Residential Construction, and Dwellings) have virhrally no exports.
Hence shifts in their export demand schedules have no discernible impact on the model results. They are
included in Table D.l for completeness only.t'"Column 4; Row l"
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economy to contract at an annual average rate of 0.64 per cent (C6;R2). Overall, the three

sets of factors summarised by Columns (1), (2) and (6) opened a net gap in the growth

rates of the two economies of +0.5683 per cent per annum. The results for these three

columns are discussed in more detail in the remainder of this section.

4.5.2.2 Shifts in Tasmanian foreìgn export supply schedules

In general, phantom tax rates increased on both traditional (Column 1) and non-traditional

(Column 2) Tasmanian exports over the study period. The resulting shifts in Tasmanian

export supply schedules lifted the Tasmanian foreign export price index by an annual

aveÍage of 0.85 per cent per annum (Ca;R27 &, 57). This generated an annual average

reduction in total export volumes of 9.76 per cent per year (Ca;Rl1). The Mining sector

was the hardest hit, with export volumes declining by 45.37 per cent per annum, ouþut

declining by 16.18 per cent, and employment decliningby 17.26 per cent (Ca; Rlll, R63,

& R87 respectively). The decline in activity in this sector was due almost entirely to the

direct impact of the rising phantom tax on its own export volumessa (Column 1).

Exports of the Tasmanian Agriculture sector also experienced a substantial volume

reduction (27.87 per cent per annum, Cl;RllO), however this translated into a relatively

small (0.45 per cent per annum) reduction in output (C1;R62). This mitigation of the

output response was in part due to Tasmanian Agriculture exporting a smaller proportion

of its output (approximately 18%) relative to Mining (approximately 30%). This

attenuated the impact of declining export volumes on the sector's output: ceterus paribus,

the decline in export volumes caused Agriculture's ouþut to contract at an annual average

rate of approximately 4.51 per cent per annum. The second attenuating factor was

increasing inter-industry sales, particularly to the Tasmanian Meat Small Goods and

Poultry industry (sales to which accounted for almost one third of Tasmanian Agriculture's

output). This industry experienced an annual average reduction in the power of its export

phantom tax of approximately 7r per cent per annum, leading to sharply rising export

volumes (+771 per cent per ailrum) and ouþut (+nr per cent per annum). Ceterus

paribus, rising intermediate sales caused Agriculture's output to grow by approximately

*t 
10.01 + 0.00 + -0.64) - (-0.69 + -0.61 + 1.23)

to The power of the phantom tax on Mining exports from Tasmania rose at an annual average rate of
approximately 5f per cent per annum over the study period.
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4.0t per cent per annum - largely offsetting the negative impact on its ouþut of its own

declining export sales.

Operating on their own, the phantom taxes on Tasmanian traditional expofs induced a fall
in the Tasmanian non-traditional export price deflator of approximately 0.05f per cent per

annum. This reflected the declining economic activity, and hence price level, in the state

as a whole. In the absence of rising phantom taxes on non-traditional export volumes

(Column 2) this would have provided for a small rise in non-traditional export volumes.

Hence, when combined with the increasing exports of the Meat Small Goods and Poultry

industry8s, exports of the Manufacturing sector would have risen by approximately 7.00

per cent (C1;R112). The growth in export sales contributed approximately 0.751

percentage points per annum to the growth rate of Manufacturing, leaving this the only

Tasmania sector to expand its output in the face of rising phantom taxes on traditional

exports (Cl;R6a). Exports of other non-traditional export commodities also rose, by

approximately 0.6 per cent (C1;Rll3-l2l). However, the expansion in exports from each

of these sectors was inadequate to offset the impact on their outputs of declining sales to

consumers, investors, and other industries. In particular, the Communications, Community

Services, and Entertainment and Recreation sectors were each adversely affected by

declining Tasmanian consumption spending. The largest factor explaining the contractions

in activity in both Utilities and Finance were declining intermediate sales. The

Construction sector contracted in the face of declining Tasmanian investment expenditure.

Over the study period, phantom tax rates were also rising on Tasmanian non-traditional

exports (Column 2). These generated a rise in the foreign-currency price of non-traditional

exports (up by 2.731 per cent per annum), and hence a significant reduction in non-

traditional export volumes. The ouþut of two industries in the Manufacturing sector (Meat

Small Goods and Poultry, and Iron Ore and Basic Metal Products) were each treated as

traditional export commodities during the simulations. Hence, Manufacturing exports only

contracted by a total of -7.07 per cent (C2;R112), since exports of the two traditional

export industries expanded as their foreign currency export prices declined. Overall,

ouþut of the Manufacturing sector contracted by 1.66 per cent per annum (C2;R64), due

largely to falling export volumes. Output of Mining rose by approximately 0.38 per cent

85 Which is treated as a traditional export.
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per annum (C2;R63). This was due almost entirely to rising export volumes from this

sector, the foreign currency price of which was falling due to the depressing effect on

Tasmanian activity and prices of the rising phantom taxes on non-traditional exports.

However, the same effect did not translate into an increase in activity for the Tasmanian

Agriculture sector. Instead, the Tasmanian Agriculture sector contracted by 1.25 per cent,

due to a fall in inter-industry sales to the Tasmanian Manufacturing sector.

Column (4) provides the total effect of the shifts in Tasmanian export supply schedules.

With declining export volumes inducing a contraction in the output of Tasmanian export

industries, this in tum required those industries to reduce employment. With capital /
labour ratios (ultimately) rising in all industries (C4; R86-R97), and the cost of
constructing capital in Tasmania falling more slowly than the GSP deflator (Ca; R23 &
R42 respectively), rates of retum on Tasmanian capital fell, and hence so too did

Tasmanian investment. Tasmanian real investment declined by 2.47 per cent (Ca;R7).

This is reflected in Construction being the second worst affected sector (output declined by

1.98 per cent, C4;R66). V/ith employment and rental rates falling across all sectors, the

gross income of Tasmanian households also fell (by approximately 2.0r per cent).

Approximately one third of this fall (0.71 percentage points) was due to declining rentals

on capital, and just over one-half (1.1T percentage points) was due to declining wage

income. With export volumes having fallen faster than phantom tax rates rose, falling
phantom tax revenues also contributed approximately 0.2Ì percentage points to the decline

in gross income. The impact on disposable income of the fall in gross income was

somewhat mitigated by rising unemployment benefit payments. However, overall, real

Tasmanian household disposable income declined by 0.81T per cent, causing the same

reduction in real household consumption (Ca;R9).

The contractions in Tasmanian real private consumption and investment expenditure are

reflected in the results for those sectors that exported a relatively small share of their

ouþut. Around four-fifths of the declines in the outputs of the Tasmanian

Communications, Finance, Community Services, and Entertainment and Recreation sectors

were attributable to declining Tasmanian real consumption expenditure. Essentially all of
the contraction in the Construction sector was attributable to the decline in Tasmanian

gross fixed capital formation.
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Leaving aside Dwellings (the ouþut of which is fixed by a fixed capital stock) and both

Public Administration and Community Services (the outputs of which are largely fixed by

exogenous government consumption), the Manufacturing sector was ultimately the

Tasmanian sector least adversely affected by rising export supply schedules within

Tasmania (its output declined by 0.84 per cent (Ca;R6a). The worst affected was the

Mining sector (-16.18 per cent), followed by Construction (-1.98 per cent).

4.5.2.3 Shifts ín Møinlandforeign export supply schedules

The contraction in the size of the Tasmanian economy induced by rising phantom taxes on

Tasmanian exports was almost entirely offset by the effects of phantom taxes on Mainland

non-traditional exports (C6;R1). These taxes caused the Mainland non-traditional foreign

cuffency export price index to increase by approximately 1.50t per cent per annum,

reducing Mainland non-traditional export volumes by approximately 14.15 per cent per

annum (C6;R125-R133). Aggregate Mainland export volumes contracted by significantly

less than this amount (3.37 per cent per annum, C6;R12) reflecting the rise in volumes of

traditional exports, which benefited from a nominal depreciation of the exchange rate. The

latter caused the output of Mainland Agriculture and Mining to rise, while the output of all

other Mainland sectors contracted. Falling export volumes accounted for approximately

two thirds of the contraction in the Mainland Margins sector; approximately one half of the

contraction in the output of both the Communications and Community Services sectors;

and approximately one third of the contraction in the Entertainment and Recreation sectors.

The remaining reductions in the activity of both the Community Services and

Entertainment and Recreation sectors were due to declining Mainland consumption

expenditure (which was down by 0.52 per cent per annum, C6;Rl0). The latter fell as total

Mainland employment fell (down by 0.95 per cent per annum, C6;R6). Overall, real gross

regional product in the Mainland economy contracted at an annual average rate of 0.64 per

cent (C6;R2).

While the rise in these taxes caused the Mainland economy to contract, they caused the

Tasmanian economy to expand at an annual average rate of 1.23 per cent (C6;Rl). At the

national level, the decline in the volume of Mainland exports caused real GDP to fall at an

annual average rate of 0.87 per cent (C6;R43). However, real domestic absorption did not

fall as quickly as GDP: real consumption expenditure declined by only 0.50 per cent and
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real government expenditure was exogenous (and unchanged). With real GDP falling
faster than real absorption, the ratio of the balance of trade surplus to GDP fell by 0.18

percentage points per arìnum (C6;R60). This fall occurred despite an apparent depreciation

in the real exchange rate (C6;R58 & 59) because the phantom taxes on Mainland non-

traditional exports caused the Australian dollar export price index to increase so strongly

(at an annual average rate of 2.75 per cent, C4;R52). The rise in the domestic currency

export price index was suffrciently great that they were associated with a nominal

depreciation of 2.26 per cent per annum (C4;R57), bringing the increase in the foreign

cuffency export price to approximately 0.5 per cent per annum.

The depreciation in the nominal exchange rate caused the foreign currency prices of
Tasmanian exports (which were of course not subject to the Mainland non-traditional

phantom taxes) to fall. This provided an immediate fillip to the Tasmanian Agriculture,

Mining and Manufacturing sectors. Activity in these sectors expanded by 2.30,7.52, and

2.05 per cent per annum respectively (C6;R62-R64). Activity in both the Utilities and

Finance sectors expanded, due largely to increased intermediate input sales to Tasmanian

firms, but also helped by rising Tasmanian consumption expenditure. The Construction

sector expanded by 1.65 per cent per arulum (C6;R66), due to a rise in Tasmanian real

investment (up by 1.87 per cent per annum, C6;R7), With Tasmanian household

consumption expenditure rising at an annual average rate of 0.36 per cent (C6;R9), activity

in the Community Services and Entertainment and Recreation sectors also expanded.

Overall, employment in the Tasmanian economy increased by 1.61 per cent per annum

(C6;R5), leading to an increase in real gross regional product of I.23 per cent per annum

(C6;Rl). As indicated earlier, this increase was almost sufficient to offset the

contractionary impact on Tasmania of rising Tasmanian phantom export taxes.

Furthermore it opened a gap in the relative growth rates of the two economies of 1.87 per

cent per annum.

4.5.3 Supply shifts to domestic usages

4.5,3.1 Introduction

Column (7) of Table 4.7 aggregates the effects of the shifts in phantom taxes on domestic

usages of domestically sourced commodities, which were deduced during the historical
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simulation. As discussed in Sections 2.17 and 4.2.i, these phantom taxes explain the

difference between exogenously determined commodity purchaser's prices (for

households) and price deflators on final demands (for other users), and the values the

model would otherwise have calculated for these variables had the phantom taxes not been

determined endogenously.

The phantom taxes on domestic usage caused the relative annual average growth rate of the

Tasmanian economy to lag that of the Mainland by an average of almost one third of one

per cent per annum. Table D.2 in Appendix D disaggregates the results in Column 7, and

makes clear that this gap was due largely to phantom taxes on Mainland sourced inputs to

both Mainland capital formation and Mainland household consumption (Columns 4 and 8).

Mainland phantom taxes on Mainland-sourced inputs to capital formation opened a gap in

the relative growth rates of the two regional economies of approximately 0.14 percentage

points per annum (Ça; Rl & R2). Mainland phantom taxes on Mainland-sourced inputs to

household consumption added a further 0.10 percentage points per annum to this gap (C8;

Rl & R2).

4.5.3.2 Mainlønd sourced inputs to Mainlønd capitalformation

Mainland phantom tax rates on Mainland sourced inputs to capital formation (Column 4)

were falling over the period, such that the Mainland investment price index fell at an

annual average rate of 0.95 per cent (C4;R24). This was a faster rate of decline than the

Mainland gross regional product deflator (which fell by 0.21 per cent per annum, C4;R42),

leading to a rise in expected rates of return on capital. Hence, Mainland real investment

increased at an annual average rate of 0.75 per cent (C4;R8). This caused activity in the

Mainland Construction sector to expand, with investment demands accounting for over

four fifths of the 0.61 per cent per annum increase in activity in this sector (Ca;R78).

Rising investment expenditure also contributed to the expansions in activity experienced

by both the Manufacturing and Finance sectors, explaining about one third of the extra

activity in each.

While the increase in Mainland investment expenditure caused Mainland employment (and

hence Mainland gross wage income) to rise, Mainland real household consumption

expenditure fell at an annual average rate of 0.25 per cent (C4;R10). Tasmanian real
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household consumption expenditure also fell, at a slightly faster rate. These falls in real

consumption were due to the effects on both Mainland and Tasmanian household gross

income of the falling phantom tax receipts on sales of Mainland-sourced goods to

Mainland capital creators. The falls in these receipts were borne by the owners of
Mainland capital in proportion to their capital ownership shares. Nearly all the physical

capital owned by Mainland households is located on the Mainland. Hence the implications

of falling phantom tax receipts for the gross income of Mainland households is clear.

Tasmanian households receive approximately half of their capital rentals from the

Mainland. Hence, their gross incomes were not insulated from the falling Mainland

phantom tax receipts either.

Real consumption expenditure at the national level fell by 0.25 per cent per annum

(C4;R45), allowing an expansion in the balance of trade surplus. The ratio of the balance

of trade to GDP increased at an annual average rate of 0.09 percentage points (Ca;Ra3).

This required a real depreciation of the exchange rate, which was associated with a

nominal depreciation of 0.20 per cent per annum (Ca;R57). Hence, the aggregate regional

foreign curency export price index declined in both regions, at an annual average rate of
approximately 0.06 per cent per annum (C4;R27, R28 & R57). This caused export

volumes to expand in both Tasmania and the Mainland, by 0.72 and 0.63 per cent per

annum respectively (C4;R11 & Rl2). However, unlike the Mainland, aggregate activity in
Tasmania did not receive a stimulus from increased investment expenditure. On the

contrary, the decline in household consumption expenditure precipitated a decline of 0.35

per cent per annum in regional investment expenditure, due largely to declining investment

in Dwellings. V/ith the increase in Tasmanian export volumes having provided only a
partial ofl-Set against the impacts on output from the declines in both reai consumption and

real investment expenditure, real gross regional product fell, by 0.03 per cent per annum

(Ca;Rl).

Examining the impact of the shocks subsumed by Column (4) on Tasmanian sectoral

outputs, it is clear that activity in sectors supplying traditional export commodities

expanded, while those sectors supplying inputs to capital formation and consumption

contracted. Agriculture expanded by 0.22 per cent per amum (C4;R62), with

approximately one third of this expansion attributable to increasing export sales, and

approximately two-thirds attributable to increasing inter-industry sales to Tasmanian
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Manufacturing. Mining output expanded by 0.76 per cent per annum (C4;R63), with
approximately half of this absorbed by rising foreign export volumes and the remainder

absorbed by rising inter-industry sales to Tasmanian firms. The output of Manufacturing

rose by 0.20 per cent per annum (C4;R64), due largely to rising export volumes.

Construction activity contracted by 0.29 per cent per annum (C4;R66), due to the fall in
real Tasmanian investment expenditure. Activity in the Communications, Finance,

Community Services, and Entertainment and Recreation sectors also contracted, with these

falls being largely attributable to the decline in real Tasmanian household consumption

expenditure.

4.5,3.3 Mainland sourced inputs to Mainland household consumption

Over the study period, there was a small overall rise in phantom taxes on Mainland-

sourced commodities consumed by Mainland consumers (Column 8). This caused a small

rise in the national CPI deflator relative to the national GDP deflator (C8;R51 & R56).

V/ith nominal wages indexed to the CPI, this caused a rise in the real producer wage, and

hence a rise in the marginal product of labour as national employment declined (by 0.10

per cent per annum, C8; R5 & R686). This caused real GDP to fall by approximately 0.07

per cent per annum (C8;Ra3). Real GDP fell faster than real consumption (which only fell

by 0.03 per cent per annum) because a high proportion of the phantom tax revenue was

returned to Mainland consumers in recognition of their ownership of capital in those

industries producing the commodities upon which the tax revenue accrued. This

effectively compensated Mainland consumers via higher nominal disposable income for

what would otherwise have been a decline in real consumption expenditure brought about

by the rising national CPI. While national investment expenditure also declined, as the

capital-labour ratio rose, the absolute value of this fall was inadequate to account for the

decline in real GDP. With real government expenditure fixed, the difference between the

fall in real output and the fall in domestic absorption was met via a decline in the balance

of trade surplus. The ratio of the balance of trade surplus to GDP declined at an annual

average rate of 0.01 per cent (C8;R60). This required an appreciation of the real exchange

rate, which was associated with a nominal appreciation of 0.09 per cent per annum

(C8;Rs7).
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Tasmanian real gross regional product declined by 0.16 per cent per annum (C8;R1). This

decline was caused by two factors. The most important of these was the fall in Tasmanian

nominal gross income arising from the decline in phantom tax receipts from the Mainland.

Tasmanian households did not benefit from an increase in their aggregate receipts of
phantom tax revenue in the same way as Mainland households did. On the contrary -

receipts of phantom tax revenue by Tasmanian households declined. The extent of this

decline was alone sufÍicient to reduce Tasmanian household nominal gross income by

approximately 0.201 per cent per annum. This followed from two features of the database.

First, approximately half of the capital owned by Tasmanian households was located in the

Mainland. Second, this capital was weighted towards (relative to the distribution of the

capital ownership of Mainland households) industries producing conìmodities on which

phantom tax receipts were decliningsT. As a result, real Tasmanian consumption

expenditure fell at an annual average rate of 0.23 per cent per annum (C8;R9).

The second factor was declining export volumes. Total exports declined by 0.02 per cent

per annum (C8;R11), due to the appreciation in the nominal exchange rate. Traditional

export volumes experienced the largest declines (Agriculture's exports declined by 0.12

per cent and Mining exports declined by 0.03 per cent, C8; Rl10 & Rl11). Manufacturing

exports were insulated from the effects of the appreciation in the nominal exchange

because this sector subsumes a number of commodities that feature more prominently

(relative to traditional exports) in the budget of Tasmanian households. The decline in real

Tasmanian consumption expenditure caused the Australian dollar price of these

commodities to fall at approximately the same rate as the nominal exchange rate

appreciated.

Declining Tasmanian real consumption and real exports caused a contraction in
employment and hence a rise in the Tasmanian capital-labour ratio. This caused rates of
return on Tasmanian capital to fall, leading to a decline in real investment. Tasmanian real

gross fixed capital formation declined at an annual average rate of 0.45 per cent per annum

(C8;R7). With real investment, consumption, and expofs all contracting, real Tasmanian

8u A good approximation of the national employment result is {0.02 x -0.21} + {0.98 x -0.09}.
87 In particular, industries 23. Motor Vehicles;24. Machinery, Equipment, and Miscellaneous Manufacturing;
and 33. Finance.
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gross regional product declined at an annual average rate of 0.16 per cent (C8;R1),

reflecting declining employment of 0.21 per cent per annum (C8;R5).

Both the Tasmanian Agriculture and Mining sectors experienced small contractions in

output (by 0.06 and 0.09 per cent per annum, C8; R62 & R63). This was attributable to

contracting intermediate and export sales, with declines in the former being the more

important of the two factors. Output of Manufacturing declined by approximately 0.17 per

cent per annum (C8;R6a). Approximately half of this was due to declining sales to

Mainland households, with the remainder due to declining intermediate sales (both to

Tasmanian and Mainland firms) and declining sales to Tasmanian households. Declining

Tasmanian consumption expenditure accounted for the bulk of the contractions in the

Tasmanian Communications, Finance, Community Services, and Entertainment and

Recreation sectors. Output of the Construction sector declined by 0.39 per cent per annum

(C8;R66), in response to the fall in Tasmanian investment expenditure.

4.5.4 Technical Change

4.5.4.1 Introduction

Results for four types of technological change8s are computed during the historical

simulations: (i) that relating to primary factor usagetn; (ii) that relating to the usage of all

inputs into current productioneo; (iii) that relating to inputs to capital formationet; and (iv)

that relating to the usage of specific commoditiese2. Column (8) of Table 4.7 summarises

the impacts of the movements in these types of technological change over the study period.

Technological change caused economic activity to expand strongly in both regions.

However the Mainland experienced a more rapid growth in real output (3.53 per cent per

annum, C8;R2) than that experienced by Tasmania (3.19 per cent per annum, C8;Rl). As

88 Excluding the various twists, which, while also embodying technological change, are of a nature that
leaves costs unaffected. The effects of the various twists are discussed in Section 4.5.7.
8e Measured by movements inf-aJacjt,r. See Sections 2.2.9 arrd2.2.10.
e0 Measured by movements in a-inl¡,r. See Sections 2.2.7 and2.2.8.
ef Measured by movements in a-in2¡,r. See Sections 2.2.1 and2.2.8.
e2 Measured by movements in ai¡ and alir. See Section 2.2.7.
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a result, technological change caused the relative growth rate of the Tasmanian economy to

iag that of the Mainianci by an annual average of approximately 0.34 percentage points.

A clearer picture of the factors contributing to this difference in regional growth rates can

be obtained by disaggregating the individual impacts of the shocks subsumed within

Column (8). Table D.3 goes some way towards this, disaggregating Column (8) into the

individual contributions of eight sets of sub shocks. In tum, each of the columns in Table

D.3 summarises the individual contributions of a large number of shocks, as follows:

Column (1):

Column (2):

Column (3):

Column (4):

Column (5):

Sum of Tasmanian primary factor technical change by industry ç_a;facjr¡.t)i
Sum of Mainland primary factor technical change by industry çf_alfacjr¡,2);

Sum of Tasmanian all-input using technical change by industry @_inl¡.t)i
Sum of Mainland all-input using technical change by industry @_inl¡,2);

Sum of Tasmanian all-input using technical change in capital creation by

industry @_in2¡,t),

Sum of Mainland all-input using technical change in capital creation by

industry @_in2¡,2)l

Sum of commodity-using technical change across all users, Tasmanian

sourced inputs (ais¡,t); and

Sum of commodity-using technical change across all users, regardless of
source, (øi¡).

Column (6):

Column (7):

Column (8):

The most important of these shocks, in terms of explaining the gap in the relative growth

rates of the two regional economies, are contained in Columns (3) and (a) (which

summanse the ettects of all-mput usmg techmcal change). Properly classrfied, the

remaining categories had a minor impact on relative regional growth rates. Primary factor

technical change (Columns (1) and (2)) had little effect on the relative sizes of the

economies, causing only a very small contraction (-0.04 percentage points per annume3¡ in

the relative growth rate of the Tasmanian economy. Likewise, technical change in capital

creation had little effect on relative growth rates, causing the Tasmanian economy to grow

at a faster rate than the Mainland by only 0.05 percentage points pe. annumeo. Similarly,

commodity-using technical change in the two economies (Columns (7) and (8)) caused

nt +2.33 + r.4l - o.ol - 3.76
no +o.lo - o.o2 -o.oo -0.03.
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only a very small (-0.03 percentage points per annumes) reduction in the relative growth

rate of the Tasmanian economy. Given the relative importance of all-input using technical

change in explaining the difference between the growth rates of the two economies, the

remainder of the discussion in this section will concentrate on Columns (3) and (a) of
Table D.3.

4.5.4.2 All-input using technical change in Tasmania

Over the study period, changes in all-input using technical change in Tasmania favoured

the production of private and public consumption goods, while decreasing the efficiency

with which export and investment goods were produced. The inputs required per unit

production increasecl by approximately 0.81, 1.31 and 0.81 percentage points per annum in

the Tasmanian Mining, Manufacturing, and Construction sectors, respectively. The inputs

required per unit of production decreased for all other sectors, favouring, in particular, the

production of private and public consumption goods. These improvements ranged from a

low of -0.1 percentage points per annum for Agriculture, through to a high of -1.0

percentage points per annum for Communications. The impacts of these changes in

technical efficiency can be seen in the price deflators for the various components of GSP.

Price deflators for public and private consumption fell: the Tasmanian private consumption

deflator fell at an annual average rate of 0.68 per cent (C3;R25), while both the regional

and Commonwealth government consumption deflators fell at an annual average rate of
0.73 per cent (C3; Pt29 &. R31). However, the Tasmanian investment price index

(C3;R23); foreign export price index (C3;R27), and interstate export price index (C3;R37),

all increased. These price rises reflected the deterioration in the technical efficiency with
which Tasmanian Mining, Manufacturing, and Construction were being produced over the

period.

The increase in the price of Tasmanian exports and investment goods caused sharp

contractions in both Tasmanian real investment and export volumes. The Tasmanian

foreign currency export price index increased at an annual average rate of 0.50 per cent

(C3;P.27 & R57). This caused Tasmanian export volumes to contract at an annual average

rateofapproximately4.T9percentperannum(C3;Rl1). Theinterstateexportpriceindex

e5 -0.13 + o.o9 - o.ot - -o.ol
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(C3; R37) increased by 0.60 per cent per annum, causing a reduction in interstate export

volumes oi L25 per cent per annum (C3; R21). The Tasmanian investment price index

increased at an annual average rate of 0.35 per cent (C3; R23), due to the deterioration in
all-input using technical efficiency in the Tasmanian Construction sector. By driving up

the asset price of capital, and hence reducing expected rates of return, this added to the

contraction in real investment expenditure (-2.38 per cent per annum, C3; R7) that would

otherwise have occurred from the declining capital rental rates arising from falling foreign

and interstate exports.

Overall, employment in Tasmania declined by approximately I.22 per cent per annum (C3;

R5). Despite the fall in employment, real consumption expenditure declined by only 0.35

per cent per annum (C3; R9), with the impact of declining employment on this variable

being mitigated by the decline in the regional household consumption deflator (C3; R25).

Real gross regional product declined by approximately 0.88 per cent per annum.

Surprisingly, this result is close to that which one would expect from a I.22 per cent

reduction in employment (l .22 x approx. 0.7 : 0.85) in the absence of technical change,

implying that, overall, changes in all-input using technical efficiency had little direct

impact on total output. As it was, the value-added weighted-average of the changes in all-

input using technical efficiency within Tasmania over the period was quite close to zero.

The impact of these changes on real GRP arose because deteriorations in technical

efficiency were weighted towards sectors selling output to price sensitive agents

(foreigners, interstate agents, investors), while improvements in technical efÍiciency were

weighted towards sectors selling output to agents that were not as price sensitive

(particularly govemment and, to a lesser extent, Tasmanian consumers).

The Tasmanian sectoral results reflected the pattern of technological change, with the

worst affected sectors being Mining, Manufacturing, and Construction. Mining output

contracted by 3.41 per cent per annum (C3; R63) 'with just under two-thirdsr of this

reduction being attributable to reduced export sales, as the technological deterioration

caused Mining's foreign currency export price to rise. The remainder of the contraction in

Mining output was due to reduced intermediate sales to Tasmanian firms, as the local

economy contracted. Manufacturing output declined by approximately 2.45 per cent per

annum (C3; R6a). Approximately two-thirdst of this reduction was attributable to

declining foreign export sales, approximately one-quartert was attributable to declining
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interstate export sales, and the remainder was largely attributable to declining intermediate

input sales to Tasmanian ñrms. Construction output contracted by 2.07 per cent per annum

(C3; R64), reflecting the decline in Tasmanian real investment expenditure. The declines

in activity in Communications and Finance were largely a reflection of declining

intermediate input sales to Tasmanian frrms, with a small contribution being made by

declining Tasmanian real consumption expenditure. Just under one-thirdr of the decline in

activity in the Entertainment and Recreation sector was attributable to declining local

intermediate input sales, with the remainder being due to declining Tasmanian real

consumption expenditure. The Dwellings sector was the only sector to increase its output.

The only primary factor used by this sector is capital, implying that, with fixed capital

stocks, only technical change can cause a change in its output. Over the study period, all

input using technical efficiency for this sector increased at an annual average rate of 0.56

per cent per arìnum, causing an identical increase in output.

Considered in isolation, the shocks subsumed by Column (3) of Table D.3 caused the

Tasmanian economy to contract relative to the Mainland at an annual average rate of 0.89eó

per cent per annum. However, changes in all-input using technical efficiency on the

Mainland (Column 4) caused the Tasmanian economy to grow faster than the Mainland by

an annual average of 0.57e7 percentage points per annum. The results in Column (4) are

now considered in more detail.

4.5.4.3 All-input using technical change in the Møinland economy

Mainland all-input using technological change was weighted in favour of the non-traded

goods sector and against the traded goods sector. While Agriculture and Mining were

subject to relatively small movements in all-input using technical change, Manufacturing

experienced a deterioration of roughly 1.41per cent per annum. The Utilities sector (which

primarily supplies intermediate inputs and inputs to household consumption) and

Construction (which primarily supplies inputs to capital creation) experienced all-input

using technological deterioration of approximately 0.81 and 0.71 per cent per arìnum

respectively. The remaining Mainland sectors experienced improvements in all-input

nu +o.ol - -0.88
e1 -0.28 - o.2g
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using technical efficiency ranging from -0.1 per cent per annum (Community Services) and

-0.8 per cent per annum (Communrcatrons).

These changes in technical efficiency caused a sharp rise in the traded goods price index

(0.81 per cent per annum, C4; R57 & R59) which, for a given nominal exchange rate,

induced a contraction in real export volumes. Ultimately, this contraction was isolated to

the export sector suffering the technical deterioration - Manufacturing - but it was

sufficient to precipitate a decline in investment (down by 1.08 per cent per annum) and real

consumption (down by 0.37 per cent per annum). Overall, real GDP fell faster than real

domestic absorption (-0.5 per cent per annum compared to -0.4 per cent per annum)

implying a deterioration in the balance of trade deficit. This was associated with a real

exchange rate appreciation (0.10 per cent per annum, Ca;R59). However, the rise in the

domestic currency index of traded goods prices was more than sufficient to secure the

required real appreciation, and so a nominal depreciation (0.71 per cent per annum,

C4;R57) was required.

The depreciation in the nominal exchange rate caused the foreign currency price of
Tasmanian exports to fall by approximately 0.12 per cent per year (C4;R27 & R57). As a

result, Tasmanian export volumes increased, by approximately 1.69 per cent per annum

(Ca;R11). While increasing Tasmanian export volumes, Mainland all-input using

technical change dampened what would otherwise have been expansions in investment

(Ca; R7) and consumption (Ca;Rg). Rising prices for Mainland Manufactured goods

caused the Tasmanian investment price index to rise sharply (by 0.55 per cent per year,

C4;R23), dampening changes in expected rates of return and hence also dampening the

investment response to the increase in activity in the Tasmanian traded goods sector.

Household real consumption actually fell, by approximately 0.09 percentage points per

annum. This was due to a number of factors. First, the real consumer wage in Tasmania

fell by approximately 0.17 percent per annum (Ca; R25). The rise in the Tasmanian CPI

reflected both increasing prices for both Tasmanian and Mainland sourced Manufacturing,

as well as rising import prices as the nominal exchange rate depreciated.. Second, despite a

rise in the demand for capital in Tasmania, the net capital rental receipts of Tasmanian

households were subdued, due to declining receipts from their ownership of Mainland

capital. Finally, the nominal depreciation increased the domestic currency cost of annual

payments to foreigners by Tasmanian households.
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The pattern of Tasmanian sectoral results largely reflected the strong growth in exports and

subdued changes in investment and consumption experienced at the level of the regional

macroeconomy. The fastest growing sector was Mining (2.29 per cent per annum,

C4;R63), which benefited from the nominal depreciation (growth in exports added about

1.4t percentage points to its annual growth rate) and rising intermediate sales to Tasmanian

firms (which added about 0.81 percentage points to its annual growth rate). Manufacturing

activity expanded by 0.79 per cent per annum (Ca; R6a). About forty per cent of this

growth (0.31 percentage points per annum) was due to rising sales to Mainland firms and

consumers, as these substituted away from the relatively more expensive Mainland-

sourced Manufacturing goods. Approximately the same proportion of Tasmania's

Manufacturing's growth was attributable to rising foreign exports, and the remaining

twenty percent of the sector's growth was due to rising intermediate sales to Tasmanian

firms. The Tasmanian Agriculture sector grew at 0.61 per cent per annum (C4;R62). The

growth in this sector was due in part (+0.21 percentage points per annum) to rising foreign

exports, with this somewhat offset by falling interstate exports (-0.11percentage points per

annum). The remaining 0.5I percentage points of annual growth were due to rising

intermediate input sales to the food processing sectors of the Tasmanian Manufacturing

sector. The only other Tasmanian sectors to experience strong growth were Utilities (0.32

per cent per annum) and Finance (0.25 per cent per annum). The expansion of both sectors

was attributable to rising sales of intermediate inputs to Tasmanian firms. The output of
the remaining Tasmanian sectors was largely unaffected by the changes in Mainland

productivity. The experience of these sectors reflected the subdued changes in Tasmanian

real investment and real consumption expenditures.

4.5.5 Foreign factors

4.5.5.1 Introduction

Column (9) of Table 4.7 aggregates the effects of the shocks to the positions of foreign

export demand schedules and foreign currency import prices experienced by the two

regional economies over the period. The decision to aggregate these shocks within

Column (9) follows Dixon, Menon, and Rimmer (2000), who consider the effects of these

shocks simultaneously in recognition of the fact that import and export markets are
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interrelated. That is, shifts in export demand schedules and foreign cuffency import prices

reflect changes in both the intemationai business cycie and the relative prices of the major

economies, and hence are properly considered jointly. Considering the first two rows of
Column 9, changes in foreign markets created a gap in the relative growth rates of the two

regional economies of 0.56e8 per cent per annum.

Table D.4 disaggregates Column (9) of Table 4.7 into 9 sets of shocks. Columns (1) and

(5) aggregate the effects of the shocks to the foreign export demand schedules for the

commodities l.Rural and Z.Fishing and Hunting, for Tasmania and the Mainland

respectively. Columns (2) and (6) contain the effects of the shocks to the demand

schedules of, respectively, Tasmanian and Mainland commodity  .Mtning. Columns (3)

and (7) aggregate, for Tasmania and the Mainland respectively, the shocks to the foreign

export demand schedules for commodities 5.Meat, Small Goods and Poultry, S.Processed

Seafoods,13.Textiles Clothing and Footwear, and2I.Iron Ore and Basic Metal Products.

Columns (4) and (8) contain the effects of the shocks to the general export demand shifters

for Tasmania and the Mainland respectively. Column (9) aggregates the effects of the

shocks to foreign currency import prices for individual commodity imports.

Relative to the shocks that have so far been discussed with reference to Tables D.1,D.2,

and D.3, nearly all of the factors summarised in Table D.4 could be deemed to have had a

significant effect on the relative sizes of the two regional economies. Among the factors

summarised within Table D.4, however, four stand out as being particularly important.

These are the general shocks to the export demand schedules for both regions (Columns 4

and 8), and the shocks to the regional export demand schedules for the commodities

subsumed within the Manufacturing sector (Columns 3 and 7). The discussion in the

remainder of Section 4.5.5 is devoted to these shocks.

4.5.5.2 Regional general foreign export demand shifts

As discussed in Section 4.2.I, during the historical simulations the general shifler on all

regional export demand schedules ffiqgeneralr,) is determined endogenously, with the

aggregate volume of exports (x4reg) from each region determined exogenously. The

historical simulations revealed that over the study period, both the Tasmanian and

e8 +0.33 - -0.23
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Mainland economies were subject to strong positive uniform shifts to their foreign export

demand schedules. The impacts of these shifts are summarised within column (4) (for

feqgeneralr I ) and column (8) ( for ffeqgeneralr2 ). The net effect of these shifts was to

cause the Tasmanian economy's gtowth rate to lag that of the Mainland by an annual

average of 1.59ee percentage points. This was largely due to two factors. First, in each

year on average, the horizontal shift in foreign demand schedules for Mainland exports was

approximately 17 per cent higher than that for Tasmanian exports. Second, the overall

price elasticity of demand for Tasmanian exports was slightly higher than that for

Mainland exports. Relative to the Mainland, this rendered the aggregate volume of
Tasmanian exports less responsive to shifts in foreign demands, and more sensitive to the

appreciation in the real exchange rute.

Considering the shocks to both the Tasmanian and Mainland general export demand

shifters jointly, one can see that these caused the national terms of trade to improve by 6.31

per cent per annum (C4 e. C8; R61). This was associated with a rise in the GDP deflator

relative to the CPI, causing the real producer wage to fall and hence the marginal product

of labour to fall. That is, national employment increased, by approximately 2.10 per cent

per annum (C4 &. C8; R5 & R6). V/ith the capital / labour ratio falling, the marginal

product of capital increased, causing a rise in rates of return on capital. This caused an

increase in national investment spending of approximately 4.89 per cent per annum (C4 &.

C8; R44). V/ith national employment rising, real GDP also rose, by approximately 1.57

per cent per arìnum (C4 &, C8; R43). However this growth was concentrated in the

Mainland. Mainland real gross regional product increased by approximately 1.46 per cent

per annum, while Tasmanian real GRP contracted at approximately 0.13 per cent per

annum.

To see why the Tasmanian economy contracted, it is useful to examine Column (8)

separately from Column (4). On their own, the rise in foreign demands for Mainland

exports caused a rise in the national terms of trade (6.23 per cent per annum C8;R61),

causing a rise in national employment as the real producer wage fell (by -0.90 per cent per

annum, C8;R56). As a result real GDP increased by 1.54 per cent per annum (C8;Ra3).

With fixed capital stocks, and rising employment, rental rates on capital also increased, and

nn -0.03 + r.49 - 2.97 - -3.t0
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hence so too did national investment. Real consumption also increased (by 2.28 per cent

per arìnum), rising faster than the increase in real GDP because of the increase in the

national terms of trade. With both real national investment and real consumption

expenditure growing faster than real GDP, import volumes (C8;Ra8) increased much faster

than export volumes (C8;R45), leading to an increase in the real balance of trade deficit.

This required the real exchange rate to appreciate (C8;R58 & R59), which was associated

with a nominal appreciation of 6.67 per cent per annum (C8;R57). Despite the decrease in

the real balance of trade surplus, the ratio of the domestic cuffency balance of trade surplus

to nominal GDP increased by an average of 0.44 percentage points per annum (C8;R60),

because of the improvement in the terms of trade.

Still considering Column (8) in isolation, we can see that the effect of the appreciation in

the exchange rate on activity in Tasmania is clearly negative. The Tasmanian foreign

cuffency export price index increased by an annual average of 2.34 per cent (C8;R27 &
R57). Hence, Tasmanian export volumes contracted, at an annual average raß of 29.45 pet

cent (C8;R11). This caused the regional terms of trade to move against Tasmania, as the

domestic currency value of foreign and interstate export prices declined (C8;R27 & R37).

The resulting fall in the Tasmanian GSP deflator relative to the national CPI implied a rise

in the Tasmanian real producer wage of approximately 1 .97 per cent per annum (C8;R41),

leading to a fall in employment of 4.08 per cent per annum (C8;R5). As a result, real GRP

contracted at an annual average rate of 3.10 per cent (C8;R1). The contraction in the

state's economic activity was associated with lower real investment expenditure, which fell

at an annual average rate of 4.35 per cent. Despite the significant fall in employment, real

Tasmanian consumption expenditure only fell at an annual average rate of 0,16 per cent

(C8;R9). The efï-ect of the contraction in aggregate activity upon real consumption

spending was ameliorated by a number of factors. First, while rental rates on Tasmanian

capital were declining, they were rising on Mainland capital. Approximately half of the

capital receipts by Tasmanian households were derived from their ownership of Mainland

capital. Second, the appreciation in the nominal exchange rate reduced the domestic

cuffency value of payments by Tasmanian households to foreignerslOO. Finally, the

decrease in employment was associated with an increase in Commonwealth unemployment

payments to Tasmanian households.

r00 See coefficient OHHNI in Equation E-n3inc
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Column (4) summarises the effects of the annual shocks to the Tasmanian general export

demand shift variable. These were only sufficient to lift Tasmanian export volumes at an

annual average rate of 23.3 per cent per annum (C4;R1 1), whereas the appreciation in the

real exchange rate caused by the increase in Mainland exports caused Tasmanian export

volumes to contract by 29.5 per cent per annum (C8;R1 1). This was due largely to the

difference between the shifts in export demand experienced by the two regional

economies, with those experienced by the Tasmanian economy being lower than those of
the Mainland by an annual average of approximately 17 per cent. A smaller part was also

played by differences between the two economies in their price elasticities of export

demand. Overall, the weighted average of these was higher for Tasmania. Relative to the

Mainland, this rendered their export volumes more sensitive to an appreciation in the

exchange rate and less sensitive to a given exogenous increase in foreign export demand.

4.5.5.3 Shifts in traditionøl mønufacturingforeign export demands

Columns (3) and (7) summarise the effects of the shifts in the foreign export demand

schedules of those Manufacturing exports that are classified as traditional expofs. The net

impact of these two columns on the relative sizes of the two economies was close to zero.

The shocks in Column (3) opened a gap in the relative growth rates of the two economies

of approximately 0.65 per cent per annum, while the shocks in Column (7) opened a gap of
approximately -0.64 per cent per annum. For Tasmania, the most important shocks

subsumed by column (3) are those to the export demand schedules of the S.Meat Small

Goods and Poultry industry, and the 2l.Iron Ore and Basic Metal Products industry. For

the Mainland, the most important shocks subsumed by column (7) were to the export

demand schedules for l3.Textiles Clothing and Footwear, and, 2l.Iron Ore and Basic

Metal Products. Foreign demands for these commodities from these regions were

contracting over the period. The results in Columns (3) and (7) are now considered in turn.

The contraction in foreign demands for Tasmanian 5.Meat Small Goods and Poultry

caused exports of this commodity to contract at an annual average rate of 93.51 per cent.

The contraction in foreign demands for Tasmanian2l.Iron Ore and Basic Metal Products

caused exports of this commodity to contract at an annual average rate of 8.41 per cent.

These shocks (offset somewhat by an increase in foreign demands for Tasmanian
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13.Textiles Clothing and Footwear) caused total Tasmanian export volumes to decline by

4.51 per cent per annum (C3;Rl1), causing Tasmanian prices to fall (the GSP deflator fell

by 0.38 per cent per annum, C3;R41) as rental rates on fixed capital fell. With nominal

wages indexed to the national CPI, the real Tasmanian producer ìwage increased and hence

employment fell, at an annual average rate of 092 per cent per annum (C3;R5). With

employment falling, real Tasmanian gross regional product fell at an annual average rate of
0.65 per cent (C3;Rl). With rates of return on capital falling so too did real investment, by

0.81 per cent per annum (C3;R7). Despite the fall in employment, Tasmanian real

consumption remained largely unaffected (C3;R9) by these shocks. This was because,

over the study period, exports of the Tasmanian S.MeaL Small Goods and Poultry sector

were subject to a relatively high rate of phantom subsidisation. With exports of this

commodity almost eliminated by the exogenous reduction in foreign demands, so too was

the phantom subsidisation. This increased Tasmanian nominal gross income by, on

aveÍage, about 2/5th of a percentage point per annum, relative to what it would otherwise

have been.

Turning to the sectoral results, it is somewhat surprising to find that the worst affected

sector was Agriculture, the output of which declined by 2.06 per cent per annum (C3;R62).

In comparison, activity in Manufacturing, the sector experiencing the shock, declined by

only 1.56 per cent per annum. Activity in Agriculture fell sharply because of declining

intermediate sales to the S.Meat, Small Goods and Poultry industry within the

Manufacturing sector. On their own, declining intermediate sales would have reduced

Tasmanian Agriculture's output by 4.lt per cent per annum, were it not for rising export

sales, which added 2.01 per cent per annum to its growth rate. Ouþut of the Mining sector

also contracted, by 0.ó0 per cent per annum, reflecting deciining intermediate saies to the

2l.Iron Ore and Basic Metal Pioducts industry within the Manufacturing sector. Again,

the impact of declining intermediate sales on this sector's output was ameliorated by rising

export sales. Activity in the Tasmanian Construction sector also contracted sharply,

following the contraction in real Tasmanian investment spending.

The Mainland Manufacturing sector was most affected by falling foreign demands for 13.

Textiles Clothing and Footwear, and 21. Iron Ore and Basic Metal Products. Exports of
the former fell at an annual average rate of 27 .3t percent, while those of the latter fell at an

annual average rate of 26.5Ì per cent. Overall, the combined effects of shocks to foreign
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demands for Manufacturing sector commodities caused national export volumes to fall by
0.47 per cent per annum (C7;R46), and the terms of trade to decline at 0.74 per cent per

annum (C7;R61). With the terms of trade declining, import volumes fell faster than export

volumes, implying an improvement in the real balance of trade. This was associated with a
real exchange rate depreciation of around 0.75 per cent per annum (C7;R58 & R59). This

caused Tasmanian export volumes to increase by 3.99 per cent per annum (C7;R11). The

increase in exports allowed economic activity in Tasmania to expand, even as activity in

the Mainland economy contracted. The contraction of the latter however still had two

immediate negative consequences for Tasmanian activity. The first was via lower inter-

state exports, which contracted by 0.93 per cent per annum (C7;R21). The second was via

lower capital rental receipts from the holdings by Tasmanian households of Mainland

capital. Hence, despite an increase in employment of 0.49 per cent, Tasmanian real

consumption spending only increased by 0.12 per cent. The increase in Tasmanian real

consumption spending was also dampened by the nominal depreciation, which increased

the Australian dollar value of payments by Tasmanians to foreigners. The contraction in

Tasmanian interstate exports was most felt by the Agriculture and Mining sectors.

Contracting intermediate sales to the Mainland by these sectors reduced their output

growth by approximately 0.3t and 0.4T percentage points per annum. Ultimately, the two

sectors expanded however, due to both rising intermediate sales to Tasmanian firms, and

rising export sales as the exchange rate depreciated. These two factors added, respectively,

approximately 0.91 and 2.01 percentage points per annum to the growth rates of these

sectors. Output of the Tasmanian Manufacturing sector expanded by approximately 0.73

per cent per annum, due largely to rising export sales, although again offset somewhat by

declining intermediate sales to Mainland firms.

4.5.6 Shifts in Capital Supply Functions

During the historical simulations, the positions of the schedules determining the

relationship between regional industry expected rates of return and capital growth ratesl0l

were determined endogenously, allowing for the exogenous determination of sectoral

investments. Column (10) in Table 4.7 aggregates the impacts of the corresponding shocks

to the positions of these schedules during the decomposition simulation. It is clear that

these shocks caused the Mainland economy to grow by approximately 0.52 per cent per

33s



CHAPTER 4

yeat, a rate of growth that exceeded that of the Tasmanian economy by approximately 0.57

per cent per year. Table D.5, which disaggregates the results in Column (10) of Table 4.7

into three broad sets of shocks, makes clearer the factors that contributed to this decline in

the relative size of the Tasmanian economy. In turn, it should be recalled that each of the

columns in Table D.5 still represents an aggtegation of the results of the actual shocks

administered to the individual model variables in each year of the decomposition

simulationl02.

Considering Column (1) of Table D.5 in isolation, it is apparent that shifts in the positions

of Tasmanian capital supply functions had an expansionary effect on the size of the

Tasmanian economy. Overall, these shifts expanded the level of investment in Tasmania

(8.64 per cent per year, C1;R7), implying that, on the whole, rate of return schedules for

Tasmanian industries shifted downwards over the period. The increase in investment

stimulated a rise in employment and hence output, with the latter having increased by 0.76

per cent per annum (Cl;R1). However this growth was eliminated by the contractions in

activity induced by both shifts in Mainland capital schedules (Column (2)) and shifts in

industry-specific capital supply schedules operating Australia-wide (Column (3). The

latter caused both the Tasmanian and Mainland economies to contract at about the same

rute (ll3 of a percent per annum, C3; Rl & R2). This is not a surprising result, since

Column (3) aggregates the effects of the shocks to dJ_eeqrorj, which operate on the

positions of industry-specific capital supply functions in all regions. This leaves Column

(2) as the most important factor explaining the annual net 0.57 per cent gap in the relative

growth rates created by shifts in capital supply schedules. The results in Column (2) are

now discussed in more detail.

Shifts in Mainland rate of return schedules caused a significant increase in Mainland

investment (11.82 per cent per annum, C2;R8), implying that, on average, rate of return

schedules for Mainland industries were shifting downwards over the period. Mainland

investment represented approximately 98% of national investment, hence national

investment increased by a similar amount (11.58 per cent per annum, C2;R44). The

resulting increase in real domestic absorption caused a decrease in national export volumes

r0r See Sections 2.6.1, 2.6.12 and 4.2.1
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(-6.30 per cent per annum, C3;R46) and increase in import volumes (3.68 per cent per

annum, C3;R49), facilitated by real appreciation of the exchange rate (approximately 1 per

cent per annum, C3;R58 & R59). The appreciation of the exchange rate caused the foreign

currency price of Tasmanian exports to rise (0.42 per cent per annum, C3; P.27 & R57),

and hence export volumes to contract (-5.09 per cent per annum, C3;R11). On its own, a

contraction in export volumes of this size would have been sufficient to reduce Tasmanian

real gross regional product by almost I per cent per arìnum. The actual result was about

half that (-0.45 per cent per annum, C3;Rl) for two reasons. First, there \ryas a small rise in

Tasmanian real consumption expenditure (0.09 per cent, C3;R9) despite the fall in
Tasmanian employment, due to the combined effects of rising capital rental receipts from

the Mainland and falling Australian-dollar equivalent payments to foreigners. Second,

with activity falling in Tasmania, the price of Tasmanian goods fell relative to Mainland

goods, allowing an expansion in the interstate balance of trade surplus (C2; Rl9 & R 21).

Considering the effects of Columns (1) through (3) together, it is clear that the relative size

of the Tasmanian economy contracted because the stimulus to investment afforded by

shifts in Tasmanian capital supply functions (Column (1)) was not sufficient to offset the

negative consequences for Tasmanian activity of the real exchange rate appreciation

arising from the expansion in investment on the Mainland (Column (2)).

4.5.7 Other Shocks

4.5.7.1 Introduction

The final column of Table 4.7 summarises a set of shocks which, when considered

together, had the most dramatic effect on the relative growth rates of the two regional

economies. The factors summarised in Column (11) caused the Mainland economy to

expand at an annual average rate of 2.33 per cent. This exceeded the growth rate of the

Tasmanian economy by just over I percentage point per annum.

Table D.6 in Appendix D disaggregates the results for Column (11) of Table 4.7 into the

individual contributions of seven sets of shocks. These are:

r02 In particular, Column (l) aggregates the results of the shocks to clJ-eeqror l; ct-if_eeqrorjr l-37, and
del_unityr2 l; Column (2) aggregates the results of the shocks to del unitryr2 2; and, Column (3) aggregates
the results of the shocks to dJ_eeqror j l-37 .
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Column (1): Import I domestic twist variable (twist_src_bar);

Column (2): Labour I capital twist variable (f_nuistlk);

Column (3) : Inter-regional preference twists (nvis t _is bot ¡);

Column (4): Capital accumulation in Tasmania (del_unityr¡);

Column (5): Capital accumulation in the Mainland (del_unityr2);

Column (6): Changes in the lagged rate of inflation (del_cpi_l);

Column (7): Changes in the consumer price index (p3nat);

Each of these is now considered in turn.

4.5.7.2 Import / domestíc twist

As discussed in Section 4.2.1, during the historical simulations the national quantity index

for imports (xMnat) was determined exogenously and shocked equal to values from ABS

statistics. These values, and the values for this variable that the model would otherwise

have calculated given changes in relative prices and activity levels, were reconciled by

movements in the import / domestic twist shift variable (twist_src_bar). The average

annual value of this variable was 11.0 per cent, indicating an 11.0 per cent per annum

exogenous increase in the ratio of imports to domestically sourced goods. Column (1) in

Table D.6 summarises the impacts of this preference shift.

At the national level, the shift in preferences towards imports caused import volumes to

rise at an annual average rate 3.77 per cent per year (C1; Ra9). There was a fall in the

Å^ ^^Å f^- loL^tt. ( 
^)< 
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cent, Cl; R56) relative to the household consumption deflator, indicating a rise in real

producer wages. Hence real GDP declined, by 0.11 per cent per annum (C1;Ra3). Real

domestic absorption declined by 0.17 per cent per annum. This was faster than the rate of
decline in real GDP because of the decline in the terms of trade. The terms of trade

declined because, with the tleoline in real GDP beittg ûratched by a.(roughly) similar

decline in real absorption, export volumes had to expand at about the same rate as import

volumes. The rise in export volumes (4.13 per cent per annum) was brought about via a

depreciation in the real exchange rate, which required a nominal depreciation of 0.56 per

cent per annum (C1;R57).
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The shift in preferences for imports over local products initially hits the Mainland harder

than it does Tasmania. The initial impact of the sourcing twist on any given individual

regional industry will depend on two main factors: i. the import share in total domestic

usage of the output of that industry - the higher this share, the greater the negative impact

of a given twist in favour of imports; and ii. the share of the total sales of the industry

accounted for by goods that compete directly with imports of the same goods - the higher

this share, the greater the negative impact on the industry's activity of a given twist in
favour of imports. The initial impact of the sourcing twist on regional activity levels will
depend on the relative shares in total regional activity of those industries that face

relatively high competition from imports. Tasmania is shielded from the impact of the

twist in preferences towards imports by a number of factors. First, it has a lower share of
activity accounted for by industries producing goods that account for a high share of
Australia's imports. In particular, the manufacture of 23.Ship and boat building, motor

vehicles and parts, and 2{.Machinery, equipment, and miscellaneous, accounts for

approximately 1.6 per cent of Tasmanian value added, but accounts for approximately 3.2

per cent of value added on the Mainland. Imports of these commodities represent

approximately one half of total imports. Tasmania is further shielded from the twist in
favour of imports by the fact that it exports a higher share of its output of those

commodities that would otherwise have been affected. The consequences of these two

factors are apparent in a comparison of the results for the Manufacturing sectors in

Tasmania and the Mainland. The two industries 23.Ship and boat building, motor vehicles

and parts, and2{.Machinery, equipment, and miscellaneous account for approximately 30

per cent of the value added in the Mainland Manufacturing sector, but only about l0 per

cent of the value added in the Tasmanian Manufacturing sector. As a result, Mainland

Manufacturing output declined by 1.26 per cent per arurum, over three times the rate of
decline of the Tasmanian Manufacturing sector (0.38 per cent per annum). With import

competition being far more important for Mainland producers than Tasmanian producers,

the contraction in national activity was concentrated on the Mainland. Mainland real GRP

declined by 0.18 per cent per annum, whereas Tasmanian real'GRP grew slightly, by 0.05

per cent per arìnum.
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4.5.7.3 Labour / capital noist

During the historical simulations, the economy-wide level of employment was determined

exogenously. To ensure that this level of employment was compatible with what would

otherwise have been the model's solution for employment, a variable imparting cost-

neutral changes in the capital / labour ratio was determined endogenously. This variable

(f_twistlk) recorded a cost-neutral shift in the labour I capital ratio of approximately 3.9 per

cent per annum. Column (2) records the results of applying this shock during the

decomposition simulations.

The shock to the labour I capital ratio did not increase employment by the full 3.9 per cent,

but rather, by approximately 1.7 per cent per year. The reason for this was that as the shift

in the labour I capital ratio caused employment to rise, it also caused the terms of trade to

decline (C2;R6). This caused the GDP deflator to decline relative to the CPI deflator,

indicating a rise in the real producer wage (C2;R56). The terms of trade declined because

exports had to expand, since domestic absorption did not expand as quickly as output. The

change in domestic absorption was less than that of real output for a number of reasons.

First, real government consurnption expenditure was unchanged. Second, the shock to the

labour I capital twist variable caused a reduction in the demand for capital. Since this was

in fixed supply in any given year of the simulation period, the capital rental rate declined,

causing real investment to fall (C2;R44). Third, with rental rates declining, and hence

household capital rental receipts falling, the increase in consumption expenditure \À/as more

subdued (C2;R45), relative to what would otherwise have occurred given the rising level of
employment. The resulting incrèase in the real balance of trade surplus was facilitated by a

real exchange rate depreciation (C2; R58 and R59), which was associated with a

depreciation of the nominal exchange rate.

Since the shock to the labour I capital twist variable was economy-wide, both regions were

subjected to it, and employment and hence output expanded in both regions by

approximately the same amount. However the growth in emplolnnent on the Mainland still

exceeded that of Tasmania by 0.28 per cent per annum (C2; R5 & R6). This equated to a

higher growth rate in real GRP of approximately 0.15 per cent per annum (C2; R1 & R2).

This was due to two factors, each of which acted to restrain the growth in Tasmanian real

private consumption expenditure. The more important of these factors was that the
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ownership of capital on the part of Tasmanian households was more heavily weighted

towards sectors experiencing the larger declines in capital rental rates, relative to Mainland

households. The second factor was that Tasmanian gross household income was more

sensitive to the depreciation in the nominal exchange rate, via its effects on the Australian

dollar value of net payments by Tasmanian households to foreigners.

4. 5.7.4 Inter-regional sourcing twists

During the historical simulations, the outputs of Tasmanian sourced goods were

determined exogenously, and shocked equal to their values as reported in the official
statistics over the period. For the output of each commodity thus determined exogenously,

either an inter-regional sourcing twist variable (for non-margin and non-utilities

commodities), or a Tasmanian source-specific technical change variable (for margin

commodities and utilities) was determined endogenously. The endogenous commodity-

specific twist variables imparted cost neutral changes in the preferences of non-

government domestic agents, located both in Tasmania and the Mainland, for each

commodity from either Tasmania or the Mainland. For example, if the relative price

changes and activity levels calculated within the model generated a total demand for a

particular Tasmanian commodity that fell short of the exogenously specified total output of
that commodity, then a preference twist in favour of that commodity and away from the

Mainland commodity was calculated endogenously by the model. Over the period under

investigation, these preference twists tended to shift the preferences of domestic agents

away from Tasmanian sourced goods and towards their Mainland substitutes. These shifts

were independent of any changes in the demand for Tasmanian goods that were induced by

changes in relative prices or changes in the activity levels of purchasing agents.

At the national level, the shifts in domestic sourcing preferences had a negligible impact on

economic activity. This reflects the fact that these shifts, by construction, do not affect

industry costs, but merely switch demand for a given quantity of each input between the

two domestic sources for the input. This switching of demand did, however, have a

marked impact on Tasmanian economic activity. Overall, the shifts in domestic

preferences were away from Tasmanian sourced goods, causing contractions in activity

within Tasmania. At the sectoral level, two notable exceptions were Agriculture and

Mining. Tasmanian Agriculture grew at an annual average rate of 1.13 per cent per
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annum, as Tasmanian and Mainland agents switched away from Mainland sourced

Agriculture. This increase in activity was associated with a rise in the price of Agriculture,

and hence a fall in Tasmanian Agriculture exports (-4.55 per cent per annum C3; Rll0).
Similarly, there was a strong twist towards Tasmanian sourced Mining. Tasmanian Mining

output rose by 6.87 per cent per annum, despite a fall in exports of 9.51 per cent per

arìnum. However the gains in activity within these sectors \¡/ere not sufficient to offset the

contractions occurring in sectors experiencing preference twists towards the output of their

Mainland competitors. Manufacturing, Communications, Finance, and, to a lesser extent,

Construction, all experienced preference twists away from the Tasmanian source and

towards the Mainland source. Each of these sectors, other than Manufacturing,

experienced large contractions in output. For Finance and Communications, these

contractions in activity were directly due to the shift in preferences away from their output.

The fall in Tasmanian Construction output was largely due to the fall in Tasmanian

investment, with a small contribution by shifts in preferences by Tasmanian agents towards

Mainland Construction. Tasmanian Manufacturing output was largely unchanged, with the

falling output of those manufacturing industries experiencing adverse shifts in preferences

being offset by those manufacturing industries experiencing increases in output as their

export volumes expanded.

The net effect of the shifts in inter-regional sourcing preferences was a contraction in

Tasmanian real GRP of 0.33 per cent per annum, reflecting a decline in employment of
0.54 per cent per annum. These changes were matched by approximately equal (in

absolute terms) increases in real GRP and employment in the Mainland economy. Overall,

changes in inter-regional sourcing twists caused the Tasmanian growth rate to lag that of
the Mainland by 0.34 percentage points per annum (C3; Rl & R2).

4. 5.7. 5 Capital accumulation

The growth rate in the Tasmanian capital stock lagged that of the Mainland over the

simulation period, creating a gap in the relative annual growth rates of the two economies

of 0.77t03 percentage points. Columns (4) and (5) of Table D.6 distinguish the separate

impacts of capital growth within Tasmania (Column 4) and capital growth within the

ro3 +0.01 + 1.25 - -0.24 - 0.74.
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Mainland (Column 5). Whereas the Mainland capital stock expanded at an annual average

rate of 1.60 per cent, the Tasmanian capital stock only expanded at an annual average rate

of 0.65 per cent.

Changes in industry capital stocks in Tasmania (Column 4) caused Tasmanian real gross

regional product at factor cost to contract by 0.24 per cent per annum. This fall in output

occurred despite a rise in the aggregate Tasmanian capital stock (+0.65 per centl0a).

Examining the employment result (C4;R5), one can see that the net fall in real GRP was

attributable to declining employment. To understand why employment fell despite the

aggregate capital stock rising, it is necessary to examine the industrial composition of the

changes in capital availability. In particular, it is important to note that growth in the

capital stock of the Dwellings industry accounted for a significant proportion of the

aggregate growth in capital. The Dwellings industry does not use labour as a primary

factor input, hence changes in capital availability to this industry cannot have a direct

effect on Tasmanian employment. The capital stock in this industry grew at an annual

average rate of approximately 3.26 per cent (Ca;R70). The share of rental receipts from

Dwellings capital in total rental receipts from Tasmanian capital was approximately 37o/o

over the period. This indicates that aggregate capital stocks in the remainder of the

Tasmanian economy fell by approximately 0.85 per cent pe. annumtot. This caused total

Tasmanian employment to contract. For a given wage I rental ratio, a 0.85 per cent fall in

the capital stock of the non-Dwellings sectors would be associated with a fall in
employment of approximately 0.85 per cent. However, employment only fell by -0.48 per

cent (C4;R5), implying a decline in the capital / labour ratio within these sectors. This

ratio declined because, with the availability of capital to these sectors falling over the

period, rental rates increased, lowering the wage I rental ratio, and, via the factor price

frontier, requiring a lower capital / labour ratio.

The rise in capital availability to the Dwellings sector also explains a second interesting

result in Column (4) - namely, the rise in real household consumption expenditure (+0.44

per cent), despite the fall in employment. This was due to the CPI falling faster than

nominal disposable income: the Tasmanian consumer price index declined by 0.77 per cent

roa Computed as the rental value share weighted sum of the percentage changes in regional industry capital
stocks

'ot -0.85 = (o.os -0.365x3.26)¡(t -0.:os)
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per arutum, while nominal household disposable income declined by 0.33 per cent per

annum. The fall in the Tasmanian CPI was due largely to faliing rental rates on Dweliings,

reflecting the increase in capital availability to this sector.

Both foreign and interstate export volumes declined, by 2.74 and 0.62 per cent per annum

respectively. This reflected the rising costs of production in industries producing for these

export markets, which were indicated by rising foreign (+0.27 per cent) and interstate

(+0.40 per cent) export price indices. Real investment also declined (-1.93 per cent),

despite rental rates rising in most industries. This was due to two factors. First, just over

two-thirds of the decline in aggregate Tasmanian investment was due to declining

investment in Dwellings, with the latter being driven by falling rental rates on Dwellings

capital. Second, by examining the operations of Equations E_dJ_eeqror, E_del_k3r, and

E_cap_at_tplus1,t06 it is apparent that a fall in capital availability to a regional industry

exerts two countervailing influences on that industry's real investment. The direct effect of
a fall in capital of no/o is to lower real investmentby n%o. The indirect effect is to raise

investment via an increase in expected rates of return as capital rental rates rise, reflecting

the greater scarcity of capital in the current period. The strength of the latter effect

depends on the slope of the industry's capital supply function and the industry's capital I

investment ratio. For most industries, the indirect effect on investment of rising rental

rates outweighed the direct effect of declining capital stocks. However this was not the

case for a number of industries, which together accounted for a sufficiently large share of
Tasmanian investment to turn the change in total non-Dwellings investment negative.

Turning now to Column (5), it is apparent that growth in Mainland capital stocks also

added to the difference in the growth rates between the two regtonal economtes. Matnland

capital growth caused the Mainland GRP growth rate to exceed that of Tasmania by

approximately one half a percent per annum (CS;RI & R2).

In considering the mechanisms through which the increase in Mainland capital growth

affected the Tasmanian economy, it is useful again to consider the composition of the

change in the aggregate capital stock. From C5;R82 we can see that the capital stock in

Mainland Dwellings was rising at an annual average rate of 3.21 per cent. The share of

r0ó Substitute del_k3r from Equation E_del_k3r using E_dl_eeqrorjr. Then use the resulting expression
to substitute cap_at_tplusl from Equation E-cap-at-tplus I , anó re-arrange for y1t56.
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Mainland Dwellings in total Mainland capital rentals was approximately 25 per cent.

Hence capital stocks in non-Dwellings industries increased at an annual average rate of
approximately 1.06 per cent. This is approximately the same as the rise in Mainland

employment over the period (+1.08 per cent per annum). For a given wage lrental ratio

we might have expected just such a result. However, with capital stocks rising within

these industries, their capital rental rates were falling. This should have kept the growth

rate for employment below the growth for the non-Dwellings capital stock.

The explanation for this somewhat counter-intuitive result begins with the effect on the

national CPI of growth in capital in Dwellings. Ignoring changes in capital stocks in other

industries, the rise in capital availability to Mainland Dwellings lowered the price of
Dwellings nationally, relative to the CPI, by approximately 3.11per centro7. The weight of
Dwellings in the model's national household consumption deflator was approximately 0.16

over the simulation period. Since this deflator was also the numeraire, this meant that the

remaining elements of the consumer basket had to increase in price by approximately 0.7

per cent. Since the real consumer wage \¡/as exogenous, this implied a significant fall in
the real producer wage, generating alarge increase in employment. The effect on national

employment of the increase in Mainland Dwellings capital stocks alone was approximately

0.7 per cent per an rum'03. The remaining 0.38108 percentage points of employment growth

were due to the increase in the non-Dwellings capital stock.

V/ith both the Mainland capital stock and the national employment level rising, real GDP

increased, by approximately I.25 per cent per annum (C5;Ra3). The increase in real

domestic absorption was less than the increase in real GDP for a number of reasons. First,

the growth in real household consumption lagged the growth in factor availability. The

growth in real consumption \¡/as restricted by a number of factors, the most important

being falling receipts of unemployment benefits, declining capital rental rates, and a rise in

the domestic currency value of foreign payments as the nominal exchange rate depreciated.

Second, real regional and Commonwealth Government consumption expenditure was

unchanged. Third, real national investment expenditure only increased by 0.57 per cent

(C5;Raa). V/ith real domestic absorption growing more slowly than real GDP, it was

'07 Based on a separate simulation, not reported here, in which capital stocks in Mainland Dwellings alone
were increased under a decomposition closure
tot r.o8 - o.7o
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necessary for the balance of trade to expand. Hence the balance of trade as a share of GDP

increased by 0.53 percentage points of nominal GDP (C5;R60). This was facilitated by a

real exchange rate depreciation, which was associated with a nominal depreciation of 1.37

per cent.

The depreciation in the nominal exchange rate caused the foreign currency price of
Tasmanian exports to fall by 0.26 per cent per annum (C5;R27 & R57). This caused

Tasmanian foreign export volumes to expand by 3.44 per cent per annum (C5;R11).

Rising real export volumes provide a demand-side fillip to activity in Tasmania, causing

both real consumption and real investment expenditure to also increase. While real

investment grew strongly (+1.11 per cent), the growth in Tasmanian real household

consumption expenditure was more suppressed (relative to the growth in employment).

This was due to the rising domestic cunency value of payments to foreigners by

Tasmanian households. Overall, Tasmanian real gross regional product at factor cost

increased by 0.74 per cent (C5;R1). This was approximately half a per cent less than the

growth in Mainland output.

4.5.7.6 Changes in the rate of intløtíon

The results in Column (6) and (7) had little effect on the relative growth rates of the two

regional economies. This is not a surprising result when one considers the nature of the

shocks summarised by these two columns. Column (6) summarises the results for the

annual shocks ta del_cpi_l, and Column (7) summarises the results for the annual shocks to

p3nat. Considered together, The results in Columns (6) and (7) come close to being a

-^*;--l L^*^-o-oifr¡ chnnL roioi-- fha ¡lnmacfi^ -#^o lorrol /Ltr onnrnvimofaltr 107llvlltlll4l ¡lvurvóvrrw¡rJ ù¡rvw\, r4rùrrró rl¡v svlrlvolrv l/¡¡vv rvvv¡ \vJ ol,l/rv^rrrrolwrJ L.t t

percent), while leaving the values of all real variables largely unchanged. This is because

the inflation rate over the historical period was relatively stable, meaning that there were

only small changes in the rate of inflation from year to year. Only changes in the rate of
inflation can have real effects in the model, by changing expected rates of return on

capitall0e. Certainly within any given year, t, of the historical period, Lhe results for the

'on Changes in the rate ofinflation affect expected rates ofreturn on capital through two routes. First, via an
adaptive expectations framework, changes in the rate of inflation affect investors expectations of both the
value of rentals that they will receive on capital in the future, and the cost of constructing those units of
capital. Second, changes in the inflation rate affect the rate at which expected net receipts from capital are
discounted, via its effect on the value of the nominal discount rate. See Sections 2.6.16 - 2.6.20.
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shocks to del_cpi_l and p3nat canbe expressed precisely as a nominal homogeneity shock

of .ð/per cent via an appropriate weighting of the two sets of results, where:

l/ is a constant equal to n\t)p3ndt - rrllaa -"a¡-t f R ;

,(t)nznat is the result for nominal variable 7 arising from the shock to p3nat in year r;

n()det -cpi -t is the result for nominal variableT arising from the shock to del_cpi_l in year t;

R is a constant equal to xlt)d"t-"pi-t f *lt)rtnot '

,(t)t3nat is the result for real variable i arising from the shock to p3nat; and

*(t)det -cti-t is the result for real variable i arising from the shock to del_cpi_l ;

This relationship will not hold precisely for annual average results (i.e., the results in

Columns (6) and (7)), because the strengths of the relationships between the model's

variables change between simulations (due to changes in the structure of the database).

Nevertheless, comparing the results between Column (6) and (7), it is apparent that they

can nevertheless be re-weighted as a homogeneity shock of approximately 1.97 per cent

using a value for R of approximately I .05.

4.5.8 Conclusion

The historical simulations generated results for a large number of structural and policy

variables. When these were applied to the model as exogenous shocks during the

decomposition simulations, a large number of results were generated for national and

regional macroeconomic variables, and industry and commodity level variables. Three

choices were then made to make manageable the task of presenting and discussing the

results of the decomposition simulations. First, the number of categories of exogenous

shock to be considered were reduced by aggregating the individual shocks within

appropriate groups. Second, in discussing the results, the focus was on the contributions

made by the exogenous shocks to the changes in the relative growth rates in real gross

product of the two regional economies. This choice was made because this tends to be the

centrepiece of public debate on the question of economic development at the state level.

Third, the discussion was restricted to those sets of shocks that had the largest impact on

relative growth rates.
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Three conclusions are immeciiateiy apparent ffom the resuits of the historical and

decomposition simulations. The f,irst of these is that the relatively slow growth

experienced by the Tasmanian economy was the net effect of a very large number of
exogenous factors. There is no simple answer for why the Tasmanian economy has

experienced a significantly slower rate of growth than the country as a whole. This

conclusion is not unimportant, since it suggests that we should be very cautious when

presented with simple or mono-causal explanations for regional decline and growth.

The second observation is that it is possible to make definite statements about what did not

contribute to the relative decline in the size of the Tasmanian economy. These factors are

summarised by Columns (2) to (6) of Table 4.7. While taken together, these factors

explain 0.27 percentage points per annum of the growth difference between the two

regional economies, no single factor explains more than one-tenth of a percentage point per

annum. Hence, changes in regional industry wage rates (Column 2), household related

variableslto lcolu-n 3), Commonwealth Govemment policy variablesrrl lcolumn 4),

regional goveïnment policy variablesll2 (Column 5), and demographic variablesrl3

(Column 6), individually had little impact on the relative size of the Tasmanian economy.

The final observation is that we can make a clear statement about those factors that made

the largest contributions to the difference in the relative growth rates of the two regional

economies. These factors are summarised by Column (1) and Columns (7) through to (11)

of Table 4.7. However Column (11) aggregates four independent factors, each explaining

a relatively large proportion of the difference in growth rates. Hence, in total, nine factors

stand out as having had an important eflêct on the relative stze ot'the'I'asmantan economy:

Shifts in the rates of non-spreading phantom taxation of regional commodity exports.

These caused the Tasmanian economy to grow faster than the Mainland by 0.53

percentage points per annum.

I'o Changes in regional household preferences, changes in regional propensities to consume, exogenous
changes in regional household foreign net income, and differences in regional household capital ownership.
ll' Changes in Commonwealth consumption, investment, and transfer expenditures, and changes in the
various Commonwealth Government taxation rates.
l12 Regional government consumption, investment, and transfer expenditures, and changes in the various
regional govemment taxation rates.

"' Changes in participation rates, natural population growth rates, and inter-regional migration.
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ii. Shifts in the preference for imports over domestic goods. These caused the

Tasmanian economy to growth faster than the Mainland by 0.24 percentage points per

annum.

lll A shift in the labour I capital ratio, causing a cost-neutral increase in labour

requirements per unit of capital. This caused the Mainland economy to grow faster

than the Tasmanian economy by 0.15 percentage points per annum.

IV Shifts in the phantom taxation of domestically sourced goods used by domestic

agents. These caused the Mainland economy to grow faster than the Tasmanian

economy by 0.28 percentage points per annum.

v Shifts in technical change, causing changes in per-unit production costs in each

region. These caused the Mainland economy to grow faster than the Tasmanian

economy by 0.34 percentage points per annum.

vl A shift in the preferences of domestic agents away from Tasmanian sourced goods

and towards Mainland sourced goods. This caused the Mainland economy to grow

faster than the Tasmanian economy by 0.34 percentage points per annum.

vll Shifts in foreign markets, causing changes in foreign export demands and import

prices. These caused the Mainland economy to grow faster than the Tasmanian

economy by 0.56 percentage points per annum.

viii. Shifts in regional industry capital supply functions, changing the relationship between

expected rates of return and rates of capital accumulation. These caused the

Mainland economy to grow faster than the Tasmanian economy by 0.57 percentage

points per annum

ix. Differences in rates of physical capital accumulation in the two economies. These

caused the Mainland economy to grow faster than the Tasmanian economy by 0.77

percentage points per annum.

A final question to be considered is the strength of the relationship between the slower rate

of capital accumulation in Tasmania (factor ix) and the slower rate of growth in real
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investment expenditure within Tasmania (factor viii). To the extent that there is a

connection, shifts in capital supply functions explain a higher proportion of the difference

in relative regional growth rates than is given simply by factor (viii) above. Investment

plays both a demand-side and a supply-side role in explaining the relative growth rates of
the two economies. Changes in capital supply schedules exert an immediate demand-side

impact on regional activity via their effect on real investment in the current period.

However changes in real investment also exert a supply-side impact on regional activity in

future periods via their effect on the supply of physical capital. It is clear from Table 4.7

that shifts in capital supply schedules explain a very high proportion of the difference

between Tasmanian and Mainland investment growth ratesll4. The question to be

answered then is how the difference in economic growth rates (via capital accumulationtts)

would have appeared had shifts in capital supply functions (Column 10 of Table 4.7)been

other than they were. For example, the difference in annual investment growth rates

between Tasmania and the Mainland in Column (10) of Table 4.7 is just under 5

percentage points. What would have been the impact, via capital accumulation, on

Tasmanian GRP if shifts in Tasmanian capital supply schedules had reflected more

favourable investor sentiments with respect to Tasmania, allowing Tasmanian real

investment to have been 5 percentage points higher in each year? The weighted average

Tasmanian depreciation rate over the period was approximately 6.3 per cent, and the

average Tasmanian K i I ratio over the period was approximately 18.9. This is enough

information to do a "back of the envelope" calculation of how much larger the Tasmanian

capital stock would have been in 1998199 had the growth rate in Tasmanian real

investment been 5 percentage points higher in each year. The answer turns out to be

relatively large: approximately 4.0 per cent. With returns to capital being just over one

f-rfth of Tasmanian reai GRP at iactor cost, anci other costs (which move in iine with reai

GRP) accounting for just over one-tenth of real GRP at factor cost, this would have left

"a Comparc (C12;R7 & R8) with (Cl0;R7 & R8).
rr5 'Ihe question is, what is the importance of the link between changes in growth in real investment and
changes in the capital growth rate (that is, what is the süength of the supply side link). A rise in the growth
rate of Tasmanian real investnent will of course have a significant demand side impact on Tasmanian real
GRP. For example, in Column (10) an increase in the growth rate of Tasmanian investment to a value equal
to that of the Mainland would increase the growth rate in Tasmanian real GRP from -0.05 to approximately

[+ 7.55 - 2.67 + 8.641
1.2 per cent per annum I x 0.76 See Table D.5)'L 8.64 _j
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Tasmanian real GRP approximately 1.03116 percent higher in IggSlgg than it was

otherwise. This translates into a higher annual average growth rate in Tasmanian real GRP

of 0.17 percentage points - a number comparable in magnitude to those distinguished by

points (i) - (ix) above. It is also worth noting that a 4.0 per cent higher level of capital in
1998199 translates into a higher annual average growth rate in Tasmania's capital stock of
approximately 0.66 per cent. Considering that Tasmania's annual average capital growth

rate over the period was 0.65 per cent, whereas that of the Mainland was 1.60 per cent, this

suggests that the slower investment growth in Tasmania can account for approximately 70

per cent of the difference in capital growth rates between the regions. The remainder of
the difference between the capital growth rates of the two regions arose from Tasmania

having, relative to the Mainland, both a lower aggregate investment I capital ratio in the

initial database, and a slightly higher weighted-average depreciation rate.

l16 1.03 =lO Zl¡(t- O.l f)lx 4.0 , where 0.23 and 0.I lare the average shares of capital receipts and other costs
respectively, in Tasmanian real GRP at factor cost.
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5 IrrusrRATrvE ApprrcATroNS II: FonrcASTrNG

SwrurATroNS

5. 1 INrr.oDUCTroN

In this chapter I describe five types of simulation, each of which was required to generate

the baseline forecasts for the period 1999100 to 2002103. Different closures of the model

are used for different segments of this time period. In particular, four different closures are

used, covering the periods 1999100,2000101, the two years 2001102 and2002/03, and the

final year 2003104. These different closures reflect the changing availability of extraneous

forecasts relating to the macroeconomy and the government accounts, and the need to

model the introduction of the GST.

The first of the five simulations brings the model forward one year, to 1999/00 (recall that

the last year of the historical simulation is 1998/99). While the 1999100 year is now in the

past, at the time of undertaking these simulations, official statistics were available for only

a limited number of variables. For simplicity, I treat this year as the first of the forecast

simulationsllT, and use information from an independent forecaster (Access Economics

2000) to provide values for the exogenous variables (see Section 5.2).

The second simulation models the various tax reforms associated with the introduction of
the goods and services tax (GST). This represents a significant and complex change in the

distribution of Australia's taxation burden across tax bases, demanding a separate

modelling treatment from those of the remainder of the forecasting simulations. The

output of this modelling is a set of shocks that captures the features of the modified ANTS
package (see Section 5.3).

Having modelled the shocks that comprise the introduction of the GST, the third

simulation involves overlaying these GST shocks with a forecasting simulation for the

rr7 At least from the perspective of demonstrating the capabilities of the model, little is lost in treating
1999100 as a forecast year. There will always be some transition year or period between the historical and
forecast simulations for which a complete set of historical data from official statistics are not available.
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period 200010I. This simulation provides a forecast for the period 2000/0I, in addition to

making the necessary GST related changes to tax bases and intergovernmental transfers

(See Section 5.4).

The penultimate set of simulations provides the forecasts for the periods 200I/02 and

2002103. While the shocks administered to the model differ in both years, the closure

under which the model is run is identical in each. The model closure and data sources for

these shocks are described in Section 5.5. The final simulation relates to the financial year

2003104, and is described in Section 5.6.

5.2 SnvrurArroN FoR THE 1999100 FINANCIAL yEAR

5.2.1 Introduction

The first simulation brings the model's database up to the year 1999100. The closure of the

model in this simulation does not have a clear analogue with any of the closures employed

in Chapter 4. First, many of the structural variables describing industry, factor, and

commodity using productivities, household preferences, positions of capital supply

schedules, relative industry wage rates, and relative foreign currency import prices, remain

exogenous (as they were in the decomposition simulations). These variables are shocked

equal to the annual average values that they were calculated to have attained under the

historical simulations. The assumption here is that the historical values for these structural

variables will continue to be realised over the forecast period. Nevertheless, the

macroeconomic variables describing aggregate activity for both Tasmania and the nation

^^ ^.,,L^1^ ^-^ l^+^*:*^¡ ^.,^^^-^,,^1,, ^^ +L^,,,.,^*^:- +L^ L:^+^;^^l ^:-,,1^+:^- .l'L^
4ù 4 Wllt lç ¿tlç uçtçrlrrrrlsr¡ ç^(JËsrruLrÐrJ, (1ù LrrçJ wslç lll ùllç lllùL\rrl94r Ðrlllul4llull. I llç

constraining of the Tasmanian macroeconomic variables in this way is unique to the

1999100 simulation. This is done because the Access Economics "forecasts" for Tasmania

for this period are an amalgam of both official statistics where available, and forecasts for

those quarters where official statistics are not yet available. I believe that using this

information is superior to relying on the model to determine macroeconomic outcomes for

Tasmania for 1999/00. At the national level, the values for variables describing the

macroeconomy are also exogenously imposed, not just for 1999100, but for each year of
the forecast period. This approach is justified in the following discussion.
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The neonn¡.L-¡ model can be thought of as being primarily a microeconomic model, with

the macroeconomic variables in the model being aggregations of the relevant endogenous

microeconomic variables. The standard exogenous variables in the model are also

primarily microeconomic - such as technical and tasted change variables, state, local, and

Commonwealth government taxation rates and commodity demands, commodity import

prices, and positions of foreign demand schedules for individual export commodities. This

view of the model suggests a "bottom-up" approach to the use of the model in undertaking

forecast simulations:

i. ensure that the set of exogenous variables in the model covers all expected exogenous

influences on the economy over the forecast period;

ii. obtain forecasts for the model's exogenous variables over the forecast period; then

iii. shock the appropriate exogenous variables with these forecasts.

Unfortunately using this approach to conduct forecast simulations with Johansen models

presents significant practical difficulties due to the very large number of exogenous

variables such models contain (Powell 1981). This problem is compounded by the fact

that many of the exogenous forces that will influence the economy over the forecast period

are not explicitly identified in the model.

Another issue related to adopting the "bottom-up" approach to forecasting with a

computable general equilibrium model such as FEDERAL-F is that there is no guarantee that

the results thus generated will reconcile with the forecasts produced by researchers using

models that are primarily macroeconomic. Clearly one of the most important explanations

for such a divergence in results is the differences in the theoretical structures of the models,

such as the absence of lagged relationships, rational expectations effects, and monetary

phenomena in r'¡pBR¡.L-r. Differences may also arise if the macroeconomic forecasters

base their analyses on different explicit or implicit assumptions about changes in structural

and other policy variables that are exogenous in the FEDERAL-F model.

A second approach to forecasting with CGE models capitalises on their differences relative

to standard macroeconomic forecasting models. One of the strengths of CGE models is

their microeconomic structure, which allows them to be used to develop complex scenarios

about changing economic structures across industries, commodities, and regions. The
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large number of policy variables that are typically embodied in the structure of CGE

mociels aiso lends them to the analysis of a diverse range oi government policy packages.

The models are less suited to the production of convincing medium to long-run

macroeconomic forecasts, generated from forecast shocks to their standard exogenous

variables.

This recognition of the strengths and limitations of CGE models opens the way to a second

method of applying them to the task of undertaking forecasting simulations. This method

was pioneered in Australia by the Centre of Policy studies in their applications of the

MoNASH model, and involves determining exogenously the forecast values for key

macroeconomic variables. I have applied this approach with my forecast simulations with
FEDERAL-F, shocking the national macroeconomic variables with extraneous forecasts.

Hence ultimately, the results of the model under this approach can be interpreted as the

consequences for industrial structure, the pattern of household consumption, and the

regional distribution of economic activity, of both the national macroeconomic

environment and the aforementioned structural shocks.

In the remainder of Section 5.2 I describe both the closure of the model for the 1999100

simulation and the sources for the shock values.

5.2.2 Model closure for the 1999/00 simulation

Table 5.L summarises those variables, the changes in the endogenous / exogenous status of
which, distinguish the comparative-static and forecasting closures. For expository
rrrrtylôceq if ic rrccfill fn r¡ierx¡ fhc fnrenqcfino nlncrrre qc lrpino der¡clnncrl fhr^rr-h a -rr,-Lo-

of steps, with certain swaps in the endogenous / exogenous status of relevant variables

being undertaken at each step. These steps are summarised by Columns l-7 of Table 5.1.

Each of these steps represents a valid closure of the model. The starting point is the

standard comparative-static short-run closure (Column 1), and the end points are the

forecasting closures for each of the forecast periods (Colunurs 4-7)
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ILLUSTRATIVE APPLICATIONS II: FORECASTING SIMULATIONS

Starting with the standard short-run comparative static closure, we first "turt-on" the year-

on-year capital accumulation equations, and also institute a stylised tr¡oNnsu structural

closure for the national macroeconomy (Column 2). From this closure, we then undertake

another set of swaps, which exogenise the national macroeconomic variables (Column 3).

This column then provides a convenient starting point for the descriptions of the

development of the forecast closures for 1999100, 2000/01 , 2001102-02103, and 2002103-

03104 (Columns 4-7).

5.2.2.1 Turn on the year-on-year equøtions

The first set of swaps in Column (1) of Table 5.1 "switch-off'the comparative-static rate

of retum theory and "switch-on" the year-on-year capital accumulation and rate of return

theory. First, the year-on-year capital accumulation equation E_delJ_ac_p_y is brought

into operation by setting exogenous the shift variable on that equation (delJ_ac_p1t), and

then allowing that equation to determine regional industry capital stocks by setting

endogenous cap_at_t Next the ¡eoBReL relationship between rates of return and capital

growth (Equation E_cap_at_tplusl) is rendered inoperative by determining endogenously

the shift variable on that equation (f_eqn54). In their stead are placed the MoNASU inverse-

logistic regional industry specific capital supply functions, given by Equation

E_dl_eeqrorjr. This requires that the shift variables on this equation (dJ_eeqrorjr)be

determined exogenously. The general shift variable on the positions of these functions

(dJ_eeqror) is then determined endogenously to ration economy-wide investment. V/ith

Equation E_cap_at_tplusl now inoperative, this function is no longer served by omega,

which must now be determined exogenously.

5.2.2.2 Stylised MuNASH structural closure

In moving to a stylised version of the MoNASH model macroeconomic structural closure,

the first step is to determine exogenously the ratio (r_ir_rgne) of real economy-wide

investment (x2nat) to real gross national expenditure (realSne). In so doing, the ratio of
real private investment to real consumption expenditwe (finv_com) is now determined

endogenously. The relationship between real economy-wide consumption and the

FEDERAL-F definition of real household disposable income is then broken by setting

endogenous the economy-wide average propensity to consume (f_eq19), and setting

exogenous the ratio of real consumption to real gross national expenditure (r_cr_rgne).

Next, the rr¡oNesH treatment of non-traditional export volumes is instituted by setting
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endogenous the positions of the individual commodity and region specific FEDERAL-F non-

traditional export demand schedules (f_eq24w_ir), and setting exogenous the

corresponding shift variables (f_ntrad) on Equation E_xr_expu2. Equation E_xr_expu2

then allows the volume of exports of individual non-traditional export commodities from

each region to respond as a block in response to movements in region-specific non-

traditional export price indices. The numeraire is switched from the nominal exchange rate

(x_rate) to the economy-\r/ide household consumption price index (p3nat). Finally, the

change in the ratio of the balance of trade to GDP (del_bt3dp) is determined exogenously,

and aggregate demand is reconciled with aggregate supply via the endogenous

determination of real govemment-wide consumption expenditure (fgovconSen).

5. 2. 2. 3 Exogenous determinalíon of nøtional macroeconomic variables

The first of the swaps relating to the national macroeconomy (Column 3) sets real national

consumption spending (cR) exogenous, and the ratio of national consumption to national

GNE (r_cr_rgne) endogenous. Under this closure the economy-wide APC adjusts to

reconcile the exogenously determined national consumption with economy-wide

household disposable income. Economy-wide real investment (x2nat) is determined

exogenously, requiring that the indexing relationship with real GNE (r_ir_rgne) be

determined endogenously. Real national export volumes (x4nat) are determined

exogenously, and the general shift variable on the position of each regional-commodity

export demand schedule (þqgeneral) is determined endogenously. The national volume

of imports (xMnat) is determined exogenously, and the general shift variable on the ratio of
imports to domestically consumed goods by non-government purchasers (rwist_src_bar) is

determined endogenously. Real government expenditure (fgovconSen) is determined

exogenously. With all the major elements of real aggregate demand determined

exogenously, aggregate supply must be determined endogenously, which is achieved by

setting endogenous the general shift variable on economy-wide primary factor productivity

(f_oJo").

The terms of trade is transferred to the set of exogenous variables in two steps. First, the

shift variables p_rexp_exog and p_rexp_imp are switched to exogenous, ffid the

conesponding elements (i.e. the elements of the sets NTRAD and exoc in each region) of
the non-spreading phantom tax rates (tax_nsph) are determined endogenously. This brings

equations E1t_rexp_exog and E_p_rexp_imp into operation. The general shifter on these
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ILLUSTRATIVE APPLICATIONS II: FORECASTING SIMULATIONS

two equations (fpentrafl is then switched to being determined endogenously, and the terms

of trade Gort) is determined exogenously.

Economy-wide employment (l_emp) is switched to the set of exogenous variables. The

real pre-tax wage (fpre) is already exogenous. The exogenous status of these two variables

is reconciled via the endogenous determination of a uniform cost-neutral change in the

ratio of labour and capital usage across all regional industries (f_nuistlk).

Finally, the nominal exchange rate (x_rate) is set exogenous. With aggregate import

quantities and export quantities determined exogenously, and foreign currency import

prices and export prices (via the terms of trade) also determined exogenously, this

effectively determines the nominal Australian dollar value of net exports. Hence the ratio

of the Australian dollar balance of trade to nominal GDP (del_bt3dp) must now be

determined endogenously.

5.2.2.4 Forecøst closure for 1999/00

Starting with the closure described by Column (3), the forecast closure for 1999/00 is now

developed in a number of steps. These are summarised in Column (4). First, the volumes

of individual traditional exports (xr_exprnto,) are determined exogenously. This requires

that the positions of the foreign demand schedules (f_eq24r_itrn.¿o,,) for these exports be

determined endogenously. The foreign cuffency export prices of individual traditional

exports from each region (pt_rexpnm,.) are also determined exogenously, requiring that the

non-spreading phantom tax shift variable (tax_nspår^oo,,) be determined endogenously.

Under the forecast closure, I determine exogenously most of the variables describing both

the national and Tasmanian macroeconomies. Under the closure described by Column (3),

endogenous macroeconomic shift variables support the exogenous status of the national

macroeconomic variables. However a number of swaps are now made in Column (4) to

switch these endogenous economy-\r/ide variables to exogenous, and instead determine

endogenously variables that pertain only to the Mainland. These swaps recognise that,

when both a national macroeconomic variable (such as real national consumption, for

example) and a Tasmanian macroeconomic variable (such as real Tasmanian consumption,

to continue the example) are determined exogenously, the corresponding Mainland

variable (real Mainland consumption) is effectively determined as a residual. Under the
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new closure then, when the Tasmanian macroeconomy is later described exogenously, it
will be the Mainland shift variables that acijust in the face of the exogenously determineci

national macroeconomy, and the Tasmanian shift variables that adjust given the

exogenously specifi ed Tasmanian macroeconomic variables.

The first of these swaps sets the economy-'\r/ide average propensity to consume (f_eql9)

exogenously, and instead the APC for the Mainland (f_op"t) is determined endogenously.

Next, The economy-wide export demand shift variable (feqSenera[) is determined

exogenously, and the Mainland general export demand shift variable (ffeqgeneralr2) is

determined endogenously. The economy-wide shift variable on the positions of capital

supply schedules (dJ_eeqror) is determined exogenously, and in its place the Mainland

capital supply shift variable (dJ_eeQror_r2) is determined endogenously. Next, the

economy-\¡/ide labour I capital twist shift variable (f_twistlk) is determined exogenously,

and the Mainland labour I capital twist shift variable (fr_twistlk) is determined

endogenously in its place. Next, instead of the economy-wide shift variable on primary

factor productivity (f_aJac) being determined endogenously, the Mainland shift variable

on primary factor productivity (f_ajacr2) rs determined endogenously in its place.

Finally, the national number of unemployed (nat_unemp) is determined exogenously, and

the Mainland participation rate Qt_pp_rate2) is determined endogenously.

The next set of swaps allows for the exogenous determination of the major variables

describing the Tasmanian macroeconomy. Tasmanian real consumption expenditure

(x3reg¡) is determined exogenously, and the Tasmanian average propensity to consume

(f_opr,) is determined endogenously. Tasmanian real investment expenditure (x2reg1) is

determined exogenously, and the positions of Tasmanian capital supply schedules

(dJ_eeqror_rt) are determined endogenously. The volume of Tasmanian exports (x4reg1)

is determined exogenously, and the general shift variable on Tasmanian foreign export

schedules ffiq Seneralr 1) is determined endogenously. Tasmanian employment (lr _emp 1)

is determined exogenously, and the Tasmanian labour I capital twist variable (fr_nuistlkl)

is determined endogenously. Tasmanian real gross regional product (rgrpel) is

determined exogenously, and a coÍrmon shift variable on Tasmanian primary factor

productivity (f_a1[acr¡) is determined endogenously. Tasmanian unemployment

(x_unemp) is determined exogenously, and the Tasmanian participation rate (¡t1p_rate1)

is determined endogenously. The Tasmanian consumer price index @3reg1) is determined
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exogenously, .and the shift variable on Tasmanian phantom taxes on household

consumptio n (fp h t ax 3r I ) i s determined endo genously.

Both the Tasmanian and Mainland government accounts are closed by setting endogenous

the general shift variable on regional government tax rates (lax_shrftr). Since projected

borrowing requirements are available for the Tasmanian government (cbIr1), this variable

is determined exogenously. The borrowing requirement for the Mainland regional

government is determined by setting exogenous the ratio of regional govemment debt to

gross regional product (debtSsp_tl2). The CPI-X pricing rule for utilities industries is

brought into operation by setting exogenous the shift variable fp_utility on Equation

E1þ_utility. Movements in the basic prices for utilities, now determined by this equation,

aÍe accommodated by movements in the (now endogenous) regional government

production tax rates on the output of these industries (fprodrj).

Forward estimates of Commonwealth Government receipts of PAYE tax (b4l), other

income taxes (b42), import ùÍy (b43), production tax revenues (b44), commodity tax

revenues (b45), export tax revenues (b4Q, and other Commonwealth receipts (b47) are

available from Treasurer of the Commonwealth of Australia (1999). Hence, these

variables are determined exogenously. This requires that the shift variable on average

PAYE tax rates (fswitchlaye), the shift variable on per-unit taxes on capital and land

(f_o_it), the general shift variable on tariff rates (f_t3), the general shift variable on

production tax rates (ffprod), the general commodity tax shift variable (com_tax), the

general Commonwealth export tax. shift variable (ft4), and the general shift variable on

other Commonwealth receipts (fswitchJ47) be determined endogenously. Finally, the

Commonwealth borrowing requirement (cb2) is determined exogenously, and the ratio of
other Commonwealth outlays to nominal GDP (t64) is determined endogenously.

As discussed in Section 2.16.3.5, the natural rate of population growth in each region is

determined by the coefficient NATGROWTH,. By the end of the forecast period, the

value for the Mainland element of this coefficient in the parameter file ELAS99 generates

a slower rate of growth in Mainland population Qtop_I5 2) over the year 1999100 than that

implied by the Access Economics (2000) forecast for national population growth. To use

the Access Economics forecast, I determine pop_152 exogenously in the 1999100

simulation, and set the shift variable on Equation E1op,t2 (f_1top_l52) endogenous. The
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vanable pop_l5 z is then shocked equal to the percentage change in the national population

as forecast by Access Economics (2000). At the same time, dei_natgrowth2 is shocked

equal to the difference between the population growth rate between 1998199 (as given by

the value for NATGROWTH2) and 1999100 (as forecast by Access Economics 2000). This

allows pop_152 to be determined endogenously in subsequent years of the simulation,

while still achieving the Access Economics' forecasts for population growth in each year.

The coeffrcient measuring natural population growth rate for Tasmania is left unchanged

Finally, a number of variables that are exogenous in the short-run comparative static

closure remain exogenous, and are shocked equal to the annual average of the values with

which they were shocked under the decomposition closure of the historical period. These

variables are dl_eeqrorj, dJ_eeqrorjr, f_a1facjr, ai, a_inl, a-in2, f-a3-kr, selected

elements of ais,f_pmp_i, andfprejr. The general shift variable on foreign currency import

prices (f_pmp), the regional pre-tax real wages (fprer,), and the shift variables on regional

goverrìment consumption and investment expenditure (f_x_sg andf_sg_invesl) also remain

exogenous, md are shocked equal to their forecast values. Finally, the following

homotopy variables are shocked equal to 1: del_unity, del_unityr, del_unityr2,

del_unitryr3, del_unityr4, del_unity_ml, del-unity_m2, del_own_H, and del-X.

5.2.3 Data for the 1999100 simulation

Forecasts for the exogenous national and regional macroeconomic variables were obtained

from Access Economics (2000). Forecasts for the exogenous elements of the Tasmanian

government accounts were obtained from Treasurer of Tasmania (1999). The percentage

rates of chanse in real Mainland sovemment consumntion exnenditure enr-l real Mainland

capital expenditure, were set equal to the Access Economics (2000) forecasts for the

percentage rates of change in economy-wide real government consumption expenditure

and real economy-wide government investment expenditure, respectively. Percentage

rates of change in Commonwealth Government revenues, and the change in thc

Conunonwealth borrowing requirement, \À/ere obtained from Treasurer of the

Commonwealth of Australia (1999).
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ILLUSTRATIVE APPLICATIONS II: FORECASTING SIMULATIONS

ABARE (2000) was used as the basis for volume and price forecasts for Tasmanian and

Mainland traditional exports. The ABARE forecasts were available for a more

disaggregated commodity classification system than that used in FEDERAL-F. Therefore

before the ABARE forecasts could be applied to the model, they had to be weighted and

aggregated to the FEDERAL-F commodity classification system. The weights were

calculated from ABS data on the value of exports by commodity by state for 1998/99. For

Tasmania, ABARE(2000) formed the basis for volume forecasts for 3. Fishing and

Hunting,4. Mining,13. Textiles Clothing and Footwear, and2L lron Ore and Basic Metal

Products. The publication was also used for calculating foreign currency export price

forecasts for all Tasmanian traditional export commodities other than 1. Rural, 5. Meat

Small Goods and Poultry, and 8. Processed Seafoods. For the Mainland, ABARE(2000)

publication formed the basis for the volume forecasts for all traditional exports other than

8. Processed Seafoods. The publication was also used for calculating foreign curency

export price forecasts for all Mainland traditional export commodities other than 8.

Processed Seafoods. For those traditional export commodities from either region for

which it was not possible to calculate either volume or price forecasts from ABARE
(2000), their forecast values were set equal to the trend annual percentage change over the

historical period 1992193 to 1998199. Finally, as already mentioned, the variables

dJ_eeqrorjr, dJ_eeqrorj, f_a;þcjr, ai, a_inL, a_in2,f_a3_Ër, selected elements of ais,

.f__pmp_i, and fprejr, were shocked equal to their average annual values for the historical

period 1992192-1998199.

5.3 Moo¡LLING THE GST

5.3.1 Introduction

The GST, which took effect from July 1 2000, represents a significant re-allocation of the

taxation burden across tax bases. This re-allocation must form part of the forecast shocks

for the 1999100 - 200010I year. That is, these fiscal adjustments will not be captured by

the shocks that normally comprise a forecast simulation: explicit modelling of the GST is

required.
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The modelling of the GST is undertaken in two steps: the original proposal (detailed in

Treasurer of the Commonwealth of Australia (1998) is modelled f-rrst. This is then

followed by the modelling of the final proposal that actually received the assent of the

Senate in 1999. While it is the impact of the latter proposal that is of relevance for the

forecast simulation, these two steps are followed because the initial proposal (unlike the

latter) was attended by a sufficient level of public documentation of its consequences for

prices and taxation receipts. Hence a practical way of modelling the actual GST policy is

to first model the initial proposal, and then model the GST as finally implemented by

making the appropriate changes to the shocks implicit in the initial GST proposal.

5.3.2 The original GST proposal

As Harding et al. (2000) note, the original taxation reform package proposed by the

Government was complex - involving fundamental changes to the national indirect

taxation system, large cuts in income tax, and significant changes to social security

programs. As a modelling exercise, this complexity presents a significant challenge, and it

is necessary to summarise some of the policy changes in order to render the modelling task

tractable. As a first step in this direction, it is useful to quote Harding et al. (2000) who

provided the following convenient summary of the original GST proposal (hereafter

"ANTS(I)"):

i. The implementation of a 10 per cent GST on a broad base, with health and medical

care, education, childcare, charitable activities, and religious services GST-free, and

residential rents and financial services input taxed.

:ì 
^ 

L^1:+;^- ^f +L- nrr'*anf t"L^looolo coloo fovIt. nuullllvrr vr llrw wg¡¡wtll vvt¡vlwù4lw o4¡wù l4^.

iii. Abolition of a range of state government taxes including FID; debits tax; stamp duty

on marketable securities; conveyancing duties on business property; stamp duties on

credit arrangements, instalment purchase arangements and rental agreements; stamp

duties on leases; stamp duties on mortgages bonds, debentures and other loan

securities; stamp duties on cheques, bills of exchange and promissory notes; and

accommodation taxes.

iv. Introduction of taxes on wine and luxury cars to maintain the current effective

consumption tax rates.
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v. Adjustments to excise duties following the imposition of a GST, including the

introduction of a "per-stick" excise on tobacco.

vi. Large reductions in income tax rates.

vii. Social welfare reforms involving restructured and increased payments to families,

increases in pensions and benefits, rationalised child care benefits, and savings

bonuses for aged persons and self-funded retirees (Harding et al. 18-20).

By considering Table O.2 and the complete table on p. 33 of Treasurer of the

Commonwealth of Australia (1998), it is possible to begin to summarise the revenue and

expenditure components of this package in a manner that begins to make clear both the

magnitude and direction of the policies subsumed by ANTS(I). To this end, the

information in these two tables is amalgamated and summarised in Table 5.2 below.

The information in Table 5.2 can then be more conveniently summarised by both

consolidating the accounts of the Commonwealth, State, and Local governments, and

presenting them in a "sources and applications of funds" framework. This has been done

in Table 5.3 below. Note that the values in Table 5.3 have also been deflated to 1999/00

values using the forecasts for real GDP and the CPI contained in Treasurer of the

Commonwealth of Australia (1999).

Table 5.3 makes clear the essence of the original ANTS package. Approximately $17b.

was to be raised from changes in the Commonwealth's indirect tax system; $4b. was to be

raised from various company and business tax measures, approximately $1b. was to be

raised from miscellaneous other sources, and a further $5 b. was to be raised by reducing

the Commonwealth's net asset position. Broadly, these funds were to be applied to

reducing personal income tax receipts by $11b.; increasing welfare payments by

approximately $4b.; funding approximately $2b. worth of diesel fuel measures; and

compensating the states for reducing their taxes by approximately $10b. (including the

franchise fee replacement taxes).
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Table 5.2
ANTS(I) Commonwealth, State, Territory and Local Government Impacts ($b)

Source: Derived Treasurer PP.

Sources and
Table 5.3

of Funds - Consolidated Australian Government - 1999/00 values

Commonwealth Budget Impacts

Commonwealth Revenue
Personal income tax cuts
Company and business tax measures
WST and other indi¡ect tax changes
Other revenue (incl. "growth dividend")
Total

Commonwealth Outlays
Reduction in Commonwealth's state and local govt.
responsibilities
Social welfare payments and polictes
Diesel fuel related

2000-01
-tt.7

3.4
-9.4
1.1

-16.6

2001-02
-1 1.9

5.0
-11.5

0.9
-17.5

-4.4
-2.2
-0.9
12.7

0.1
0.7

-4.1

2002-03
-t2.78

3.5
-12.4

1.0
-20.

-4
-2.3
-0.6
13.5

19.5 20.2 20.89

-5.7
-2.0
0.0

11.9Total

Impact on Commonwealth Budget

State, Territory and Local Government Impacts

GST revenue
in FAG's and local govt responsibilities

gambling taxes and accommodation taxes
of FlD/debits tax./business stamp duties
of business franchise fee replacement taxes

revenue measures

of outlays
on State, Territory and Local Government Budgets
on Australian Government sector

-4.75 -4.80 -1 )

)1 )
-19.5

-0.6
-1.0
-6.7
0.2

-0.3

32.0
-20.2

-0.6
-4.7
-7.0

1.2
0.6

32.8
-20.9

-0.7
-4.9
-7.2
0.7

-0.1

-0.4
-0.7
-5.4

0.0
-0.1
-7.3

of funds

net receipts and outlays: Comm'th, State, Local
budget deficit

fuel related
gambling taxes and accommodation taxes

and local budget surplus
of fundsGovernment

2000-01
16.8
3.2
0.8
4.5
0.6

2001-02
18.2
4.4
1.1
4.3
n.a

2002-03
t7.t
2.9
1.0
6.1
0.1

-11.0
-5.3
- 1.9
-0.5
-0.9
-6.3
n.a

-10.6
-3.9
-1.9
-0,6
-4.2
-6.3
-0.6

State and local budget deficit
Australian Government Sources of funds

indirect tax measures
business tax collections

Applications of funds
Personal income tax cuts
Wclfarc paymcnts

of FlDidebits tax./business stamp duties
of business franchise fee replacement taxes

-10.7
-3.8

-0.5
-4.1
-6.1

-l
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5.3.3 Modelling the original GST proposal

The original ANTS document (Treasurer of the Commonwealth of Australia 1998) used a

price input-output model (rrusuoo) to measure the impact of the package on costs by

industry and the purchaser's prices of commodities faced by households. These impacts

are reproduced in the report at a fine level of industrial and commodity classification. In

addition to the budget impacts summarised in Table 5.2,the document also summarised the

impact of the measures on various final demand deflators. In particular, the private final

consumption deflator was projected to rise by 2.2 per cent, and the private investment

deflator was projected to rise by 6.9 per cent. Industry costs in aggregate were projected to

fall by 3.2 per cent. Furthefinore, in running eRISMoD, the Treasury assumed that declines

in Australian costs will be approximately matched by exchange rate appreciation (Dixon

and Rimmer 1999b). Treasury assumed a nominal exchange rate appreciation of 3.5 per

cent.

The ANTS document therefore contains a large amount of information on the outputs of
the Treasury's modelling exercise, in addition to a detailed discussion of the nature of the

policies that are modelled. However, it contains no information of a quantitative nature on

the underlying changes in tax rates. Nevertheless, following Dixon and Rimmer (1999b) it

is possible to deduce these tax shocks from the numbers that are published in Treasurer of
the Commonwealth of Australia (1998).

First, it was necessary to aggregate the prusvoo cost results, which are presented for 107

industries, to FEDERAL-r's 37 industries. The table containing these 107 cost results in

Treasurer of the Commonwealth of Australia (1998: 167-169) contains both the percentage

change and absolute value of the cost savings by industry. Hence it was possible to derive

the cost base in pRISMoD for each of these industries. With these base costs, the cost

impacts for the 107 industries could then be appropriately weighted to calculate the cost

impacts on each of the 37 ¡noennl-r industries (Column 1 Table 5.4). The table

containing results for 107 household consumption commodities in Treasurer of the

Commonwealth of Australia (1998: 170 - 172) contains results for the percentage change

in the purchaser's price of each commodity, and the weighted percentage change in the

purchaser's price of each commodity (the sum of which is the CPI impact of 2.2 percent).
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Again, from this information it was possible to derive the base share of each commodity in

household consumption, and thus form a 37 sector aggregation of the 107 sector IRISMoD

price impacts (Column 2Table 5.4).

Next, following Dixon and Rimmer (1999b), I implemented a database and closure for

FEDERAL-F that effectively configured it as a price input-output model in the style of
IRISMoD. I set equal to zero across all users the coefficients goveming commodity

substitution possibilities across sources. Similarly, substitution possibilities between

primary factors and between labour of different occupational types were set equal to zero.

The closure of the model was modified from the standard short run closure given in

Appendix B in the following \Mays: rates of retum (crates¡.,) were determined exogenously,

with current capital stocks (cap_at_t¡,) determined endogenously. The pre-tax nominal

wage Qtrewageq¡,r) was determined exogenously, thus switching off the indexing link with

the CPI. Aggregate regional household consumption (crr,) was determined exogenously,

with the regional average propensity (f_op") to consume determined endogenously. The

quantities of individual commodity exports were determined exogenously, with the

positions of their respective export demand schedules determined endogenously. Finally,

household demands for non-source specific commodities (x_hous¡,¡) were determined

exogenously, with the relevant taste shift variables (f_a3_kr,..) determined endogenously.

These changes to the model's database and closure were sufficient to configure the model

as a price input-output model - thus ensuring that shocks to the model would be reflected in

price changes only, leaving the values of all real variables unchanged.

Small differences between pRISMoD and ¡eo¡ReI--¡ in the relative sizes of both industries

an<i of househoiri consumption'by commodity meant that if the percentage changes in costs

and household prices in rnpnRel-F were set equal to those in Table 3, then the impact of
these on the relevant aggregate price deflators would not exactly equal those in ANTS. To
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Table 5.4

PRISMOD Price Impacts Translated to FEDERAL-F Sectors

overcome this problem I added Equations E_rel_p_anls and E_rel1t3r to the model

(Appendix A, Section 17). These provide for both general and specific shocks to basic and

household prices, allowing the model to accommodate pRlslr,toD's ouþut on both relative

price changes and aggregate price changes. I also added Equation E_sum1t_ants to the

model. This equation calculates sumJ)_ants,the economy-wide sales share weighted sum

of the percentage'changes in p_ants¡. The variable sum_¡t_anls corresponds to the "total

business costs" of the ANTS document, which the latter predicts will declineby 3.2per
cent following the implementation of ANTS(I). The variable p_ants¡ measures the

percentage change in the economy-wide price of i in a manner that is equivalent to the

Basic Price
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ANTS definition of such. For all commodities other than Dwellings, p_ants¡ is simply the

sales share weighted sum of the percentage changes in the basic price of commodity i from

each region (See Equations E_tp_basic, E_p_ants,t). The basic price of Dwellings in

ANTS is defined as the household price of housing. This is reflected in Equation

E_p_aúsa, which sets p_ants.,Dwetríngs" equal to the share-weighted sum of the percentage

rates of change in the purchasers' price of Dwellings. A number of equations were then

added to the model, which measure impacts on elements of the Commonwealth and

regional govemment finances. Equations E_Ch_CWr-comt, E-Ch-CWr-prodt,

E_CWrltaye, and E_Ch_CW_btax measure the changes in the Commonwealth's

commodity, production, PAYE, and business income tax receipts. Equation

E_Ch_CWoltbp measures the change in the Commonwealth's outlays on personal benefit

payments. Equation E_Ch_RGr_bft measures the change in individual regional

government receipts from business finance taxes.

To begin the simulation, I set exogenous those aggregate price indices for which the ANTS

document provides outputs: the household consumption deflator Qt3nat); the investment

price deflator Qt2nat); and the ANTS index of business costs (sum1t_ants). The

household consumption deflator is determined exogenously by setting endogenous the

general shifter on household prices (gen]3) in Equations E_rel_p3_dwell and E_rel_p3r.

The index of business costs is set exogenous by setting endogenous the general shift

variable (genltants) in Equation E_rel_p_ants. Finally, the investment price deflator

@2nat) is determined exogenously by determining endogenously the general shift variable

on Commonwealth indirect taxes on investment inputs (ftc0_indk,,¡"r").

Next Equation E_rel_pJr was brought into operation by setting exogenous rei_¡t3r,,,,, (n

€ NoNDwEr-r), and setting endogenous the corresponding elements of the Commonwealth

consumption tax shift variables fswitch_hoL1sn,s,r. Equation E_rel_p3_dwell was brought

into operation by setting exogenous rel1t3_dwell, and setting endogenous

fir_tc_hous,,Dweyinss,,,r. Equation E_rel1t_anfs for n € NONDWELL was then brought into

operation by determining rellt_entsr,, exogenously, and determining endogenously the

corresponding elements of the regional industry specific Commonwealth production tax

rate shift variable (cfprodjr,.,). Finally, as is clear from Table 5.3 above, the impact of the

package on state and local goverrìment budgets is effectively neutralised by net

Commonwealth grants (in this case, reflected in the allocation of GST revenue to the
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states). This is modelled by setting the nominal borrowing requirement of each regional

goveÍrment (cblr) exogenous and determining endogenously the shift variable on the real

value of Commonwealth grants to the regional governments (f64r).

The following shocks were then administered to the model, First, the nominal exchange

rate (x_rate) was shocked equal to -3.5 per cent. The shift variable on the real value of
personal benefit payments (f__pbp) was shocked by + 4.4 per cent (this shock being

sufficient to generate an increase in personal benefit payments of approximately $4b.).

Three price deflators for which the ANTS document provides results (sum1t_ants, p3nat,

p2nat) were shocked equal to -3.2, -r2.2, and -6.9 respectively. Wholesale sales tax on

intermediate and capital inputs were then eliminated by shocking most elements of

fswitch_tind equalto -99 per cent. The two exceptions were Mining (Commonwealth sales

taxes on this commodity do not represent V/ST) and Petroleum. The Commonwealth

commodity tax rate on Petroleum was shocked by -44 per cent. This shock reflects the

cost of the diesel fuel concessions ($2b.) relative to the 1999100 FEDERAL-F database value

for Commonwealth sales taxes on the commodity Petroleum ($4.St.¡ collected from users

of intermediate inputs and capital creators. Next, regional government finance taxes were

reduced by -32 per cent. This shock reflected the value of finance related taxes to be

abolished by the states ($4.1b.) relative to the database value ($12.9b.) of regional

government finance taxes (represented by the total of production taxes on the ouþut of the

Finance industry and commodity taxes collected on purchases of the Finance commodity).

Hence the following shocks were administered to the model, reflecting regional

govemment reductions in finance taxes: fts}_ind,,p¡nnnce,s,r,k: -32;fts_hous,,p¡nnn"".,.r,r: -32,

fprodrj"p¡nnn"",,,, : -32. The Treasurer (1998) also foreshadows the states abolishing

approximately $0.5b. in gambling and accommodation taxes. This is reflected in a -0.37

per cent shock to regional goveÍrment production tax rates (fprodrj¡,) on the Entertainment

and Recreation industry. As is clear from Table 5.3, approximately $6b. in business

franchise fee replacement taxes were also to be abolished in ANTS(I). This reflects all

business franchise fee taxes, and hence this is reflected in the model by shocking

fts0_infupr,s,r,p andfts_ltoussp7,r,r,o equal to -99 per cent. Next, the exogenous components

of rellt3r and rell_ants weÍe shocked equal to their values as given in Table 5.4 above.
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The final shocks administered to the model related to the rates of PAYE tax paid by

residents in each region. In calculating these shocks, i thought it important that they refiect

the higher proportion of low income earners in Tasmania relative to the nation (since the

proposed changes in tax scales implied relatively greater falls in average tax rates for lower

income earners). Hence I calculated these shock values in two steps. First, Table 2 oî
Australian Taxation Office (2000) contains, by state, data on the number of tax payers, tax

paid, total income, and assessable income, cross classified by fine grades of taxable

income. I used these data to calculate the average tax rate faced by both Tasmanian

residents (23 per cent) and Mainland residents (25 per cent) under the existing system. I

then applied the proposed income tax rates of ANTS(I), and found that the average

Tasmanian PAYE tax rate fell by 13 per cent and the average Mainland PAYE tax rate fell

by 12 per cent. However, I found that the economy-wide fall in the average income tax

rate required to disburse $1lb. of PAYE tax receipts was 14.5 per cent, by solving for this

variable endogenously within the model. This is broadly consistent with the findings of

Dixon and Rimmer (1999b), who find that a 14per cent reduction in this rate is required in

MoNASH. Hence, I shockedþa)ter2 e\val to -14.5 per cent, but then retained a I per cent

gap between Tasmanian and Mainland PAYE tax rate reductions by shockingfpayerl equal

to -15.5 per cent.

Taken together, these shocks deliver both the desired price and fiscal outcomes. Clearly,

the desired price outcomes are achieved because they are determined exogenously.

Similarly, the desired aggregate fiscal outcome at the regional govemment level (zero

impact on borrowing requirements) is determined exogenously, with Commonwealth

grants determined endogenously. This closure reflects the commitment in the

lntergovernment Agreement on the Reform of Commonweaith - State Financiai Reiations

(IGA), that in the transitional years following the introduction of national tax reform, the

budgetary position of no State or Territory would be worse than it would have been had the

reforms not been implemented. Both the bottom-line impact on the Commonwealth's

borrowing requirement, and the values of the individual receipts and outlays of the

Commonwealth, are determined endogenously. Hence it is important to determine whether

these values coincide with the projections of Treasurer (1998). Overall, the

Commonwealth borrowing requirement increases by approximately $9b. Given that the
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above shocks do not include the business tax measures (designed to raise $4b.)'18, this is
the correct fiscal outcome for the Commonwealth. Personal benefit payments increase by
approximately $4b., and net indirect tax revenue raised by the Commonwealth increases by

$15b. The latter figure represents the net tax revenue raised by the introduction of the

GST, the abolition of the WST, and the diesel fuel measures. These figures are broadly

consistent with the annual average values of those in Table 5.3, confirming that the

underlying tax and fiscal shocks implicit in Treasurer (1998) have been reproduced by this

simulation under the pRrslr,too-style closure of peo¡ReI--¡.

5.3.4 The modified GST proposal

In May 1999 the Commonwealth Govemment negotiated an agreement with the Australian

Democrats to guarantee the passage of the (now modified) GST package before 30 June

1999 (Warren et al. 1999). The distinguishing features of this compromise package were:

the removal of basic food items from the GST base;

an increase in compensation to pensioners and miscellaneous other welfare

beneficiaries;

changes to the taxation of petroleum products;

reductions to the planned cuts at the top of the income tax scale; and

the deferred abolition of a number of state finance taxes ('Warren 1999).

If the Treasury undertook simulations of the price impacts of this revised package using

PRISMOD, they were not made publicly available. The only publicly available official
information of a quantitative nature is the impact of the revised policy on Commonwealth

and State revenues and outlays (Prime Minister of Australia 1999a). These costings,

converted to 1999/00 values, are presented in Table 5.5 below.

ttt U.tder thç PRISMoD closure of reoEReL-F, an increase in taxes on capital income is passed through to
primary factor prices and hence basic prices. Since these shocks were not included in Treasurer (1998), they
are excluded in the simulation used to derive the tax and other fiscal shocks implicit in the price impacts
reported in Treasurer (1998). A shock to the average rate of tax on capital and land income is however later
added to the tax and fiscal shocks so derived, thus forming the total set of shocks that comprise ANTS (I).
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To facilitate the modelling of ANTS (II), I have incorporated the information in Table 5.5

with the information in Table 5.3, to produce a sources and applications of funds statement

for ANTS (II).

Table 5.5

Costing of Commonwealth and State Measures - 1999/00 values - $b

Table 5.6

A|ITS(II) - Sources and Applications of Funds - Consolidated Australian Government -

1999100 values ($b)

cost to government -4.1 -4.2

l.
0.
0.
2.

-1.4 -0.5

measures 00

measures

1

1

deficit -0.

-J
0
0.

-3

1.0 0.8

0.
0.
0.1expenditure

compensation package
expenditure

.4rev€nue impact

of basic food from GST
GST related

package - revenue items

funding measures

fuel related

-2.9
-0.1
0.0

1.0
0.6
0.5
0.5

1.0
0.6
0.1
2.0

2000-01 2
0.7
0.2
0.1

t-02
0.5
0.2
0.1

-3.2
-0.1
0.0

measures
income tax cuts

abolition of FID
abolition - other state taxes

-23.9 -24.2

funds

net receipts an<i outlays: Comm'th, State, Local
budget deficit

and local budget deficit
Government Sources of funds

0.1

of funds
income tax cuts

elfare payments
fuel related

gambling taxes and accommodation taxes

State and local budget surplus
Government Application of funds -24.7

2000-01
13.8
3.2
0.5
5.8
0.6

2001-02
14.8
4.4
0.1
4.7
n.a

-10,0
-6.0
-1.2
-0.5
0.1

-6.3
n.a

indirect tax measures
business tax collections

13.
2.
0.
6.

of FlDidebits tax./business stamp duties
of business franchise fee replacemcnt taxes

-9.5
-4.4
-1.3
-0.6
-2.1
-6.3
-0.6

-2.1
-6.1
n.a

-9.
-4.
-1.
-0.

JöU
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From these two tables, and the associated discussion in Prime Minister of Australia

(1999b), the magnitude of the key departures of ANTS(II) from ANTS(I) can be

summarised as follows:

i The exemption of basic food reduces net indirect tax revenue by approximately $3.lb.
per annum;

ii The Commonwealth budget deficit is higher by approximately $0.8b. per annum;

iii Personal income tax cuts are lower by approximately $1.lb. per annum;

iv Welfare payments are higher by approximately $ 0.6b. per annum;

v Diesel fuel related measures are lower by approximately $0.6b. per annum;

vi The abolition of certain state government finance taxes is deferred, saving $1b. of
revenue in2000101, and approximately $2.lb. each year thereafter; and

vii The expenditure of approximately $0.3b. on miscellaneous environmental programs,

additional GST administration costs, and other items.

The first step in modelling ANTS(ID then was to eliminate the shocks to household taxes

on food items. I deemed basic food to be "Meat, smallgoods and poultry", "Milk
products", "Fruit and vegetables", "Processed seafoods", and "Cereal products". Hence, in

modelling ANTS(II), I eliminated, for these commodities, the shocks to fswitch_hous
which I had previously derived in modelling ANTS(I). Implementing these (now

modified) GST shocks under the pRIstr¿ot closure of pnonRRI--p reduced Commonwealth

commodity tax receipts by approximately $3.2b. - the desired outcome. Next, the original

reductions in average PAYE tax rates had to be reduced to decrease the Commonwealth's

loss of such PAYE revenue by $1.1b. Reducing the mainland average PAYE tax rate

reduction to 13 per cent, and the Tasmanian to 14 per cent, was sufficient to achieve this.

Note that I maintained the one per cent gap between the average PAYE tax rate reductions

in each region. Even under the new rate structure, I found (by again applying this rate

structure to ATO data on the distribution of taxpayers by fine grades of taxable income)

that the reduction in the average rate faced by Tasmanian households was one per cent

higher than that faced by Mainland households. Again, this reflects the higher proportion

in Tasmania of households in lower income brackets.

The increase in Commonwealth Government welfare payments of $0.6b. is achieved by

lifting the real increase in Commonwealth personal benefit payments, f_pbp, by one per
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cent, to 5.4 per cent. V/ith the cost of diesel fuel measures now lower by $0.6b., the shock

to the Commonwealth commodity tax rate on Petroleum products is reduced from the -44

per cent shock administered when modellings ANTS(I), to -31.11 per cent. Under

ANTS(ID, the reduction in regional government finance taxes is reduced from $4.lb. per

annum starting in200ll02 to $2.1b per annum. To reflect this, I reduce the shocks to the

regional government finance tax variables (fts0_ind,,p¡nonce,s,r.tc fts_hous.'p¡nonce,,,s,r,

fprodrj,.p¡,on"",,) from their values of -32 per cent under ANTS(I) to -16 per cent. V/ith

the deferred abolition of these taxes at the regional government level, I also reduce the

Commonwealth's grants to regional govemments by $2.1 b in aggregate.

The extra expenditure of approximately $0.3b. on miscellaneous environmental programs,

additional GST administration costs, and other items is modelled as an increase in

Commonwealth Govemment general consumption expenditure. The increase in business

tax collections of $4b. is modelled as an increase in the average rate of other income taxes

(f_o_it) of 12 per cent.

5.4 SrvrurATION FOR THE 2OOO/O I FINANCIAL YEAR

5.4.1 Introduction

The simulation for 2000101 can be thought of as being comprised of two elements. The

first of these is comprised of the many shocks calculated and described in Section 5.3 to

model the introduction of the GST. These shocks form part of the 2000/01 simulation.

The second element is represented by the closure and shocks that form the more standard

¡nmnnnanf o ^f fho fnrcnacf ina ^l^crr.o' nampl., fhc êv^ûen^ììc rlcfeminofinn nfwvllrPv¡¡vrllo vl l¡¡v rv¡ vvøu!¡r¡Þ v¡vÙ4rv' ) trrv

macroeconomic variables, and the shocks to the model's structural variables. This second

element is described in detail below.

5.4.2 Model closure for the 2000/01 simulation

The description of 2000/01 closure commences with Column (3) of Table 5.1. Starting

with the closure described by this column, the volumes of traditional exports (xr_expr*or,,)

are determined exogenously. This requires that the positions of the foreign demand

schedules (f_eq24T_irrn¡,o,.) be determined endogenously. The foreign culrency export
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prices of individual traditional exports from each region (pt_rexpneo..) are also determined

exogenously, requiring that the non-spreading phantom tax shift variable (tax_nsphyp¡¡.r)

be determined endogenously.

The CPI-X pricing rule for utilities industries is brought into operation by setting

exogenous the shift vanable fp_utility on Equation E1þ_utility. Movements in the basic

prices for utilities, which are now determined by Equation E,þ_utility, are accommodated

by movements in the (now endogenous) regional government production taxes levied on

the output of these industries (fprodrj).

For the Tasmanian goveÍìment, forward estimates are available from the Treasurer of
Tasmania (1999) for current and capital outlays, and net financing requirements, to

2002103. For each of these periods then, the Tasmanian government accounts are closed in

the following way. Real current outlays (f_x_cg) and real capital outlays (f_sg_invest) are

exogenous and shocked equal to their percentage rate of change as calculated from

Treasurer of Tasmania (1999). The Tasmanian government's borrowing requirement

(cblr) is determined exogenously, and the general shifter on state taxes (tax_shiftr¡) is

determined endogenously. The standard comparative-static indexing relationship

determines transfers to households, and residual receipts, outlays, and foreign interest

payments are exogenous. For the present year's simulation (2000/01), Commonwealth

grants to Tasmania are determined exogenously, as calculated in the GST simulations (see

Section 5.3).

A different approach to that above was used to close the Mainland government accounts.

It was not practical to obtain forward estimates relating to expenditures, revenues and

borrowing requirements for each of the jurisdictions comprising the state / local

government sector of the Mainland. Hence I used a simpler approach to close the

Mainland regional government accounts. I shocked real current (f_x_sg) and real capital

(f_sg_invesl2) outlays equal to Access Economics' (2000) forecasts for national all-of-

government real current and capital outlays. I then set the debt to GSP ratio for the

Mainland goveilìment exogenous, and set endogenous the general shift variable

(tax_shiftr2) on the Mainland's taxation rates.
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For the 2000/01 simulation, most elements of the revenue side of the Commonwealth's

accounts are determined exogenously, as discussed in the GST simulations outlined in

Section 5.3. Commonwealth real current (f_l_cÐ and capital outlays (f_,þd_capr) were

shocked equal to their forecast values from Access Economics (2000).

Finally, a number of variables that are exogenous in the short-run comparative static

closure remain exogenous, and are shocked equal to the annual average of the values with

which they were shocked under the decomposition closure of the historical period. These

variables are dJ_eeqrorj, dJ_eeqrorjr, f_a_,facjr, ai, a_inl, a_in2, f_a3_kr, selected

elements of ais,f_p*p_i, andfpostjr. Both the general shift variable on foreign currency

import prices (f_pmp) and the economy-\¡/ide real wage (fpre) also remained exogenous,

and were shocked equal to their forecast values in Access Economics (2000). Finally, the

following homotopy variables are shocked equal to I: del_unity, del_unityr, del_unityr2,

del_unitryr3, del_unityr4, del_unity_ml, del_unity_m2, del_own_H, and del_X.

5.4.3 Data for the 2000/01 simulation

The inputs for the 2000101 shocks come from a number of sources. The values for the

ANTS(II) shocks were calculated in Section 5.3. The values for the shocks to national

macroeconomic variables were sourced from Access Economics (2000). The values for

the shocks to real consumption and real investment expenditures of both the

Commonwealth and Mainland governments were also obtained from Access Economics

(2000). Both the borrowing requirement and the real values of capital and current outlays

by the Tasmanian government were obtained from Treasurer of Tasmania (1999). ABARE

120001 '¡.,as used as fhe hasis for volume qnd nrice fbrecasts fbr Tasmanian and Mainland

traditional exports. For Tasmania, this publication formed the basis for volume forecasts

for 3. Fishing and Hunting, 4. Mining, 13. Textiles Clothing and Footwear, and 2L lron

Ore and Basic Metal Products. The publication was also used for calculating foreign

currency export price forecasts for all Tasmanian traditional export commodities other than

l. Rural,5. Meat Sntall Goods and Poultry, and 8. Pt'ocessed Seafoods. For the Mainland,

this publication formed the basis for the volume forecasts for all traditional exports other

than 8. Processed Seafoods. The publication was also used for calculating foreign

currency export price forecasts for all Mainland traditional export commodities other than

8. Processed Seafoods. For those traditional export commodities from either region for
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which it was not possible to calculate either volume or price forecasts from ABARE
(2000), their values were set equal to the trend annual percentage change over the

historical period 1992193 to 1998199. Finally, the variables dJ_eeqrorjr, dJ_eeqrorj,

f_a_-þcjr, ai, a_in1, a_in2,f_a3_kr, selected elements of ais,f_pmp_i, andfpprejr, \Ã/ere

shocked equal to their average annual values from the historical simulations covering the

period 1992192-1998199.

5.5 SruruLArroNS FoR rHE 2001102 AND 2002103 rrNeNCrAL yEARS

5.5.1 Model closure for the 2001102 and2002103 simulations

The closure for the simulations for the 200L102 and 2002103 financial years differs from

that used for 2000/01 in two ways. First, the percentage change in Commonwealth grants

to the states is now indexed to the percentage change in Commonwealth GST collections.

This requires that Equation EJftíl be brought into operation. Equation E_t61, which

determines Commonwealth grants to the states via an indexing relationship with the

national CPI, is rendered inoperative via the endogenous determination of f64r,. In its
stead, Equation Ejftíl determines grants to the states via an indexing relationship with

aggregate Commonwealth consumption tax collections. This requires that the shift

vanableftíl on Equation E1[t6l be determined exogenously.

The second difference is that the Commonwealth's borrowing requirement is now

determined exogenously and shocked equal to the forward estimate values from Treasurer

of the Commonwealth of Australia (1999). A general shift variable on all Commonwealth

taxes other than household consumption taxes (f_ngst) is determined endogenously. This

shift variable does not appear in Equation E_thous, reflecting the commitment in the IGA
that the GST rate can only be changed with the agreement of all states and territories,

endorsement by the Commonwealth Government of the day, and passage through both

Houses of Commonwealth Parliament. Commonwealth real capital and current outlays

continue to be shocked equal to their forecast values for gqvernment real capital and

current outlays from Access Economics (2000).
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5.5.2 Data for the 2001102 and2002103 simulations

The values for the shocks to national macroeconomic variables were sourced from Access

Economics (2000). The values for the shocks to real consumption and real investment

expenditures of both the Commonwealth and Mainland goveÍlments were also obtained

from Access Economics (2000). Both the borrowing requirement and the real values of
capital and current outlays by the Tasmanian government were obtained from Treasurer of
Tasmania (1999). As for the simulations undertaken in previous years, ABARE (2000) was

used as the basis for volume and price forecasts for Tasmanian and Mainland traditional

exports. Finally, the variables dJ_eeqrorjr, dJ_eeqrorj, f_a_,facjr, ai, a_inl, a_in2,

f_a3_kr, selected elements of ais,f_pmp_i, andfpostjr,were shocked equal to their average

annual values from the historical simulations covering the period 1992/93-1998199.

5.6 SnuurArroN FoR THE 2003104 FINANCIAL yEAR

5.6.1 Model closure for the 2003104

The closure of the model for the 2003104 simulation is the same as that used in the 2001102

- 2002103 simulations with two exceptions relating to the Tasmanian and Commonwealth

government accounts. First, forward estimates were not available for either the Tasmanian

government's borrowing requirement or its real outlays lor 2003104. Hence the regional

government accounts were closed in the following way. First, the Tasmanian government

debt to GSP ratio (debtSsp_tl1) was set exogenous, and the general shift variable on

Tasmanian goveÍrment taxes (tax_shiftr¡) was determined endogenously. Second, reai

Tasmanian government consumption expenditure was indexed to real Tasmanian

househoid consumption expenditure by setting fxîreg¡ exogenousiy an<i iieiermining the

general shift variable on Tasmanian government consumption (f_l_;gt) endogenously.

Finally, real Tasmanian government capital outlays were indexed to real Tasmanian private

investment expenditure by determiningfr_sginvl exogenously and determining the general

shift variable on state govemment capital outlays (f_sg_invesrT) endogenously.

Forward estimates of the Commonwealth Govemment's borrowing requirement were not

available for 2003104. To close the Commonwealth Government's accounts, the

Commonwealth's debt to GDP ratio (debtSdp_r/) was determined exogenously, and the
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general shift variable on all taxes other than consumption taxes (f_ngsl) was determined

endogenously.

5.6.2Data for the 2003104

The values for the shocks to national macroeconomic variables were sourced from Access

Economics (2000). The values for the shocks to real consumption and real investment

expenditures of both the Commonwealth and Mainland governments were also obtained

from Access Economics (2000). Both the borrowing requirement and the real values of
capital and current outlays by the Tasmanian govemment were obtained from Treasurer of
Tasmania (1999). As was the case for the forecasting simulations of the preceding years,

ABARE (2000) was again used as the basis for volume and price forecasts for Tasmanian

and Mainland traditional exports. Finally, the variables dJ_eeqrorjr, dJ_eeqrorj,

f_a1facjr, ai, a_inI, a_in2,f_a3_lcr, selected elements of ais,.f__p^p_i, andþostjr, were

shocked equal to their average annual values from the historical simulations covering the

period 1992192-1998 199.

5.7 RnsuLTS oF THE FoRECASTING SIMULATIoN

Table 5.7 presents the results for the forecasting simulation. Results are presented for a

selection of Tasmanian and Mainland macroeconomic variables, and a selection of
Tasmanian sectoral variables. It would be possible to decompose the forecast results into

the individual contributions of all the exogenous shocks administered to the model over the

forecast period. However, because this decomposition would be analytically identical to

the method employed in Chapter 4 of this thesis, I have chosen not to repeat this here. I do

however provide an overview of the results below, before moving on in Chapter 6 to use

these results as the base case for a number of policy simulations.

The results show the Tasmanian economy continuing to grow at a slower rate than the

Mainland economy. The annual average growth rate in Tasmania's real gross regional

product at factor cost is projected to be 2.86 per cent. This can be compared with a

forecast Mainland growth rate of 4.23 per cent - a difference of 1.37 percentage points per

annum. Hence the forecasts show a continuation of the historical trend of a declining
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Tasmanian share in national GDP (Graph 5.1), with only a slight reversal in the final year

of the simulation.

Figure 5.1
Tasmanian GRP as a share of national GDP
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Table 5.7: Results of the forecast simulations
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Table 5.7: Results of the forecast simulations (continued)
ble 1999/00 2000t01 2003t04 A

Real output Tasmsnian sector
5.30
7.80
2.55
5.r2

-0.36
5.16

11.06
5.30
0.77
2.53
3.91
3.30

4.81
3.64
3.34
3.59

12.02
3.84
7.76
5.41
-1.t2
0.36
2.34
0.68

5. t3
0.02
0.36
1.57
8.20

-0.21
4.85
t.54
0.42
1.39
0.30

-3.27

-2.40
-0.86
1,39

12.36
2.28
7.85
3.31
0.25
1.79
1.91

-0.87

5

1.65

8.
2.9s
8.

1. Agriculture

10. Public adminishation
11. Community services
12. Entertainment and recreation

4,1
0.2

Per unit costs Tøsmønian seclor

Mining
Manufacturing
Utilities
Construction
Margin industries
Communications
Finance
Dwellings

-0.47
-2.66
0.67
r.49
0.05

-2.56
- 1.61
- 1.18
7.34

-0.90
0.45
1.22

2.36
-2.20
2.65
6.74

-0.59
-1.62
-3.81
0.71
0.14
0.50
2.s2
1.63

6.10
1.62
s.08
2.84
3.98
3.03
0.77
4.82
-1.2s
2.46
3.86
7.41

1.08
4.05
aa1

3.11
L22

-0.51
3.41
3.3 8
1.89
2.85
5.47

2.02
4.97
3.18
3.01
0. l4
0.46
2.90
5.32
1.10
2.r0
3.95

J
-0
J
J
I
0

-0
2
2
1

3.91

15

10. Public administration

12. Entertainment and recreation
1. Community services

by Tasmønian sector

Mining
Manufacturing
Utilities
Construction
Margin indushies
Communications
Finance
Dwellings
Public administration
Community services

4.83
-2.05
2.04
-1.71
-3.20
2.96

-0.51
6.26
0.00

-2.13
r,99
4.99

-3.95
5.01

-0.86
1 1.66
3.15

-1.70
8.94
0.00
aaa

2.51
4.22

-8.38
0.20

-5.80
6.59

-2.39
-5.3 l
3.37
0.00

-2.15
-0.53
-L73

-1 1.07
-1.65
-6.88
t0.37
-0.04
-2.97
4.79
0.00

-2.11
0.66
0.50

7.02
-9.41
1.12

-5.81
8.77
1.07

-2.2t
6.48
0.00

-2.32
1.28
2.59

05

5

7
1.3

12. Entsrtainment and recreation

10
1.

)

4
6
I
1

5
0
11

1.1

Tasmuniun sector

Mining
Manufactunng
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Commrmications
Finance
Dwellings

2.30
t4.43
2.17

-27.76
0.00

-21.76
-27.76
-27,76

0.00
-21.16
-27.76
-27.76

-6.18
9.04
9.81

18.52
0.00

18.52
18.52
18.52
0.00

18.52
18_52
18.52

-t.67
1.83
4.33

13.95
0.00

I 3.95
13.9s
13.9s
0.00

1 3.95
13.95
13.95

I
1

I

I
I
1

49

00
49

5.1
-1l. Agriculture

10. Public administration
11. Community services
12. Entert¿inment and recreation
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Tasmania's slower growth rate can be traced to two immediate causes; namely, lower

forecast rates of growth in capitai, and primary fàctor productivity. Tasmania's

employment growth rate is forecast to exceed that of the Mainland, by approximately 0.11

percentage points per annum. Ceterus paribus, this causes Tasmania to grow marginally

faster than the Mainland. The share of labour in Tasmanian gross regional product at

factor cost is approximately 70 per cent over the forecast period. Hence, if forecast

Tasmanian employment were to have grown at the same rate as Mainland employment, the

forecast annual average growth rate in real Tasmanian output would have been 0.08

percentage points lowerlle. The two major immediate factors accounting for Tasmania's

slower growth rate are a negative capital growth rate, and a relatively slow rate of primary

factor productivity growth. The share of capital rentals in Tasmanian gross regional

product is approximately l8 per cent over the forecast period. If Tasmania's capital stock

had grown at the same rate as the Mainland's capital stock, then Tasmania's forecast

output growth rate would .have been 0.67 percentage points per annum higher on

uueraget'o. However, differences in factor growth rates can only account for

approximately 0.74 percentage points of the difference in annual average growth ratesl2l.

Another 0.56122 percentage points are due to a lower rate of productivity growth in

Tasmania. Given the approximate average factor shares in GRP over the forecast period,

we can write the percentage change in gross regional output in the Tasmanian and

Mainland economies as:

2.86

4.23

= (o.ot" o)+ (o.zox 1.87)+ (o.ts" -0.s8)+ (o.t t" 2.86)+ a,^,

= (o.o t " o) + (o.oz x t.7 6) + (o.zz 
" 3.t2) +(0. t t " +n) + e Mn¡ntond

(reol GRP) (lmd.) (labour) kooital) bther costs) ftechnicol change)

where the first term in each bracket is the share of the relevant factor in GRP at factor cost,

the second term is the average annual percentage change in usage ofthat factor, and ø.is

the region-wide percentage improvement in primary factor productivity. From the above

' '' (0.70 x l .76) - (o.zo ' t.sz)

''o (o.ta x 3.12)- (o.ta ' -0.s8)
l2l Differences in growth rates of inputs of other costs account for approximately 0.15 percentage points of
the difference in annual average growth rates.
ltt The remaining 0.07 percentage points are due to differences between the regions in factor shares in GRP
at factor cost.
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two equations it is clear that the value for arn, was 1.3 per cent per annum, while the value

fot aun¡ntod was 1.9 per cent per annum. The lower growth rate in Tasmanian productivity

is largely an extrapolation of the productivity trends derived in the historical simulations.

Recall that in each period of the forecast simulation, other than 1999100 whenf_aJacr is

determined endogenously, the shifts in both Tasmanian and Mainland productivity

variables are determined exogenously and shocked equal to the annual average of their

values as derived in the historical simulations.

Turning now to the Tasmanian macroeconomic aggregates, we can see that real investment

expenditure is projected to grow strongly over the forecast period (8.48 per cent per

annum). This causes the share of real investment expenditure in Tasmanian real GRP to

increase over the forecast period from approximately 14 per cent to 22 per cent. In the

1999100 simulation, Tasmanian real investment expenditure is determined exogenously,

however in subsequent years it is determined endogenously. The significant increase in

real investment in these periods reflects both the growing scarcity of capital in Tasmania

(which causes expected rates of return to rise), and the operation of Equation E_d_diseq.

Expected rates of return on Tasmanian capital stocks over the forecast period are higher

than the equilibrium rates of return (given Tasmania's low capital growth rates). Equation

E_d_diseq operates to give a boost to Tasmanian capital growth rates (and hence

investment) to bring the expected rates of retum on Tasmanian capital towards their

equilibrium rates of return. However despite the increase in Tasmanian investment, the

aggregate level of Tasmanian gross investment is insufficient to cover depreciation on the

aggregate Tasmanian capital stock, which is projected to decline at an annual average rate

of 0.58 per cent over the forecast period.

Real consumption expenditure is projected to grow more slowly than gross regional

product, rising at an annual average rate of only 1.4 per cent. This causes the share of real

consumption expenditure in gross regional product at market prices to decline from

approximately 69 per cent at the beginning of the forecast period to approximately 68 per

cent by the end of the period. The declining share of real consumption is in large part due

to a sharp fall in real consumption spending in 2001/02, followed by relatively low growth

ín 2002103. These changes in real consumption largely arise from subdued growth in

nominal consumption in each of these years occurring against a background of consumer
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price inflation of approximately 3 per cent per annum. From the results of the

decomposition equations discussed in Section2.I2.12123 themost important contributors to

the subdued growth in nominal disposable income are a decline in receipts by Tasmanian

households of capital rentals and particularly phantom taxes in each of these two years, and

also rising payments of Commonwealth direct taxes in the second year.

Real regional govemment consumption expenditure is projected to increase at an annual

average rate of 1.13 per cent per annum. This is slightly slower than the forecast rate of
growth in gross regional product at market pricesl2a. Real Commonwealth consumption

expenditure is forecast to increase at 3.22 per cent per annum. Overall, the share of total

goverrìment expenditure in Tasmanian gross regional product at market prices is projected

to increase from approximately 24 per cent at the beginning of the forecast period to 25 per

cent by the end of the period.

The forecast decline in real consumption expenditure as a share of gross regional product

at market prices is not sufficient to offset the rising shares of both real investment and real

government consumption expenditure. Hence Tasmania's trade deficit as a share of gross

regional product must increase. This is expressed as a rise in the interstate balance of trade

deficit as a share of gross state product. Tasmania has a large intemational balance of
trade surplus over the forecast period. Hence, even though foreign impof volumes rise

faster than foreign export volumes (6.03 per cent per annum as compared to 3.51 per cent

per annum, respectively), the foreign balance of trade surplus as a proportion of gross state

product is steady, at about 13 per cent. However the interstate balance of trade deficit is

forecast to increase from 20 to 26 per cent of gross regional product over the period. This

is manifested by rising interstate imports (3.98 per cent per annum), and reflected in a

faster growth rate in the overall Tasmanian price level (3.40 per cent per annum) relative to

the Mainland price level (2.62 per cent per annum).

Turning to the sectoral results, the fastest growing Tasmanian sector is projected to be

Construction (8.62 per cent per annum). This reflects the strong growth in Tasmanian

investment expenditure over the period. Employment in the sector does not increase as

quickly as output, because of the relatively strong (2.7 per cent per annum) improvement in

r23 Results not reported in Table 5.7
t24 |.47 per cent per annum.
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primary factor technical efficiency to which the sector is assumed to be subject over the

period. This productivity improvement is an extrapolation into the forecast period of the

technical change found to have been experienced by this sector in the historical

simulations.

Communications is forecast to be the second fastest growing sector in Tasmania (activity is

projected to increase by 8.13 per cent per annum). During the historical simulations, this

sector was found to be the beneficiary of both strong improvements in primary factor

productivity (9.1 per cent per annum) and all-input using technical change (1.0 per cent per

annum). On the demand side, there was an increase in per-unit requirements of
Communication in current production and capital formation (+6.0 per cent per annum), as

well as a shift in household preferences towards the commodity (+4.8 per cent per annum).

These technical and taste changes are extrapolated into the forecast period. Here, both the

rising input requirqments for the commodity, and the shift in household preferences

towards the commodity, are reflected in strong output growth. The rising productivity in

the production of Communications is reflected in falling per unit production costs and

falling employment in the sector. The basic price of Tasmanian Communications is

projected to fall by 0.95 per cent per annum, and employment in the sector is projected to

fall by 2.55 per cent per annum.

The third fastest growing sector is projected to be Agriculture (5.29 per cent per annum).

The expansion in Tasmanian Agriculture is due almost entirely to rising intermediate input

sales to Tasmanian and Mainland firms. The growth in sales to these firms is assisted by

two factors. First, over the historical period, I found a strong shift (+3.9 per cent per

annum) in commodity using technical change towards the usage of l.Rural. This industry

accounts for approximately sixty per cent of value added in the Tasmanian Agriculture

sector. Hence, ceterus paribus, when extrapolated to the forecast period, this increase in
input requirements for LRural added approximately 2.3 per cent to Agriculture's output

growth rate. However this was offset somewhat by commodity saving technical change

experienced by the remaining two commodities subsumed within Agriculture (2. Forestry

and logging and 3. Fishing and Hunting). These commodities experienced commodity

saving technical change over the historical period of -0.3 and -1 .7 per cent respectively.

Over the forecast period, the average shares of these two industries in the value added of
Agriculture are approximately 27 per cent and 18 per cent respectively. Hence, ceterus
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paribus, the commodity saving technical change experienced by these two commodities

would have reduced Agriculture's growth rate by approximateiy 0.4 percentage points per

annum. The second and less important factor contributing to Agriculture's relatively rapid

growth rate was the growth experienced by the Tasmanian industry 5. Meat Small Goods

and Poultry. This industry is projected to grow slightly faster than real gross regional

product at factor cost. Over the forecast period, approximately one third of the output of 1.

Rural is sold to this industry.

Real activity in the Tasmanian Finance sector is forecast to grow somewhat faster than real

GRP, with output forecast to expand by 4.18 per cent per annum. Examining the results of
the output decomposition equationsl2s, the forecast growth in this sector is due in the main

to rising intermediate sales to Tasmanian current producers. The historical simulations

found a rising Finance requirement per unit output (of 2.3 per cent) across both

intermediate input users and capital creators. 'When this technical change is applied to the

forecast period, it leads to the Finance sector growing at a faster rate than real gross

regional product at factor cost.

Output of the Margins sector is forecast to grow at an annual average rate of 2.95 per cent

per annum, about the same rate as the Tasmanian economy as a whole. The bulk of the

output of this sector (approximately seventy per cent) is used as margin services, so

changes in the sector's output tend to follow those of real gross regional product at factor

cost. However the sector's output growth rate is not reflected in its forecast employment

growth rate. Employment in Margins is forecast to increase by only 1.05 per cent per

annum. Again, this reflects the assumed continuation into the forecast period of the

historical technical changes in production efficiency for the industries within the Margins

sector. Over the historical period, the industries subsumed within the Margins sector (29.

Trade and Insurance Margins,30. Transport and Storage Margins, and 31 . Restaurant and

Hotel Margins) were found to have experienced improvements in primary factor technical

efficiency of 1.9, 0.9, and 0.6 per cent per annum respectively. They were also found to

have experienced improvements in all input using technical effrciency of 0.4, 0.3 and 0.2

per cent respectively. When weighted by each industry's share in the value added of the

Margins sector, these numbers are equivalent to an improvement in primary factor

'tt Not separately reported.
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productivity of approximately 1.9 per cent per annum for the Margins sector. Hence, when

applied to the forecast period, these technology shocks are associated with relatively slow

rates of both employment growth and cost increase for this sector.

Output of the Utilities sector is forecast to grow at an annual average rate equal to that of
real gross regional product. Despite the forecast output growth for this sector of 2.86 per

cent per annum, employment in the sector is forecast to decline sharply (at an annual

average rate of 4.25 per cent). This reflects the extrapolation into the forecast period of the

strong primary factor saving technical change (7 .5 per cent per annum) that this sector was

found to experience in the historical simulations. This is not reflected in the basic price for

this sector's output. The basic price of Utilities is projected to increase at an annual

average rate of 3.39 per cent. This is 0.30 percentage points lower than the annual average

rate of increase in the Tasmanian consumer price index over the period. This reflects the

operation of Equation E1þ_utility over the forecast period, which continues to be

implemented with its historical value for xutel of 0.3.

Output in the Community services sector is forecast to increase by 2.30 per cent per

annum. The output of this sector is sold largely to Tasmanian households, the Tasmanian

regional government, and the Commonwealth Government. Over the forecast period,

Tasmanian consumers and government account for approximately 30 percent and 50 per

cent respectively, of the output of the sector. Hence, with household real consumption

rising by only 0.60 per cent per annum, and regional government consumption rising by

only 0.92 per cent per ailrum, the growth prospects for this sector are forecast to be quite

subdued. However the sector's ouþut rises faster than what would otherwise be implied

by these figures for two reasons. First, household demand for the commodity rises faster

than overall real consumption expenditure, because of the imposition of a 1.4 per cent per

annum shift in the preferences of Tasmanian consumers towards Community Services in

each year of the forecast simulations. Second, demand for the output of the sector by the

Commonwealth Government increases by 3.22 per cent per annum. Sales to the

Commonwealth account for a little less than 20 per cent of the sector's ouþut. Hence

overall the sector is able to manage an average annual growth rate of 2.30 per cent despite

the relatively slow rate of growth in the real consumption expenditure of both the

Tasmanian government and Tasmanian households. Employment in the Community

Services sector is forecast to grow at an annual average rate of only 1 .17 per cent per
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annum. Approximately ninety-five per cent of the payments to primary factor inputs in

Community Services are accounted tbr by payments to labour. Hence, with forecasts for

both all input saving technical change of 0.4 per cent per annum, and primary factor saving

technical change of 0.7 per cent per annuml26,the growth rate in the sector's employment

must be approximately 1.1 per cent per annum less than its output growth rate.

Activity in the Tasmanian Mining sector is projected to increase at an annual average rate

of 1.69 per cent per annum. Most of this growth is due to rising export sales, which are

forecast to rise at an annual average rate of 5.19 per cent per annum. This reflects strong

growth in ABARE forecasts for zinc exports in the early years of the forecast simulation.

Sales to domestic users are projected to remain relatively static. Employment in the

Tasmanian Mining sector is projected to decline by 7.03 per cent per annum. This reflects

the strong improvement in primary factor technical effrciency to which the Mining sector

is subject (7 .4 per cent per annum) over the forecast periodr2T.

Activity in the Public Administration sector is forecast to increase at an annual average rate

of 1.65 per cent per annum. The growth in this sector is simply a reflection of the

weighted average growth in both Tasmanian govemment and Commonwealth government

consumption expenditure over the period. Despite the growth in output, employment is

projected to contract by 2.20 per cent per annum. This reflects the implementation of
primary factor and all input using technical change shocks to this sector of -3.0 and -0.8

per cent per annum respectively.

Activity in the Manufacturing sector is forecast to increase at an annual average rate of
1.51 per cent. This sector summarises the activity of twenty individual industries, making

it difficult to generalise about the causes for the forecast changes in variables related to this

sector. However, examining the results of the decomposition equatiorrst", it is possible to

say that most of the increase in the sector's activity is attributable to rising export sales, the

real value of which is forecast to increase by 3.95 per cent per annum. Had real

Manufacturing export volumes not expanded, then the forecast ouþut for this sector would

'tu Both of which were derived during the historical simulations.t" Ove. the forecast period, almost 90 per cent of primary factor payments in the Tasmanian Mining sector
are to labour. Hence the forecast improvement in primary factor productivity translates into an almost
identical reduction in employment.
¡28 Results not separately reported.
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have grown at only about 0.2 per cent per annum. Examining the results for the ouþut
decomposition equations, it is apparent that while rising intermediate input sales to

Tasmanian and Mainland firms contributed approximately 0.6 percentage points per year

to the Manufacturing sector's growth, this was almost entirely offset by the effect of falling
purchases of Tasmanian Manufacturing by Tasmanian and Mainland households. The

latter reduced the sector's growth rate by 0.4 percentage points per annum. The growth

rate in the sector's primary factor productivity is forecast to be just under half that of the

average for the state as a whole. Employment in the sector is forecast to increase by

approximately 1 .32 per cent per annum. The sector's capital stock is forecast to decline at

an annual average rate of approximately 2.012e per cent per annum. V/ith the average

factor shares in total value added for this sector over the forecast period being

approximately 75,10 and 15 per cent for labour, capital, and other costs respectively, this

implies an average improvement in total factor productivity for this sector of only 0.5 per

cent per annum.

The slowest growing sector is forecast to be Entertainment and Recreation, activity in

which is projected to increase at an annual average rate of only 0.25 per cent.

Approximately seventy percent of the output of Entertainment and Recreation is sold to

Tasmanian consumers, who source approximately eighty percent of their Entertainment

and Recreation consumption from Tasmania. Over the forecast period both the basic price

and the consumer price of Entertainment and Recreation are forecast to rise faster than the

Tasmanian consumer price index. The basic price of the sector's output is forecast to

increase by 3 .9I per cent per anmrm and the consumer price by 5 .23 per cent per annumt'o.

The relatively rapid rise in the basic price is due to two factors. First, the nominal wage in

this sector is forecast to rise by approximately 6.2t31 per cent per annum, and payrnents to

labour account for approximately seventy percent of total factor payments in this sector.

Approximately 4.1 percentage points per annum of this wage rise is due to a continuation

into the forecast period of the shocks to relative wage differentials which were applied in

the historical simulations. The second factor explaining the sharp increase in the sector's

basic price is primary factor using technical change of 2.1per cent per annum. Again, this

is a continuation into the forecast period of the technical change derived for this sector

l2e Result not separately repofed.
r30 -Ihe latter result is not separately reported in Table 5.7t" This result is not separately reported in Table 5.7.
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during the historical simulations. V/ith the value of Tasmanian sourced Entertainment and

Recreation representing such alarge share in total purchases by Tasmanian households of
Entertainment and Recreation, the rise in the price of the Tasmanian sourced component

causes Tasmanian households to substitute away from Entertainment and Recreation in

general. Furthermore, the consumer price of Tasmanian sourced Entertainment and

Recreation is forecast to rise relative to the prices for the commodity from the Mainland

and overseas. This causes households to substitute away from Tasmanian sourced

Entertainment and Recreation and towards Mainland and foreign sources for the

commodity. Together, these two factors act to cause activity in this sector to grow quite

slowly over the forecast period.
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6. IrrusrRATIVE AppucATIoNS III: Poucy
SIMULATIONS

6.1 Mrcno¡CoNoMrc REFoRM rN THE Urrrnrss SECToR

6.1.1 Introduction

Since the 1980's an extensive program of microeconomic reform has been introduced in

Australia (Productivity Commission 1999a). A significant impetus to reform was the

agreement by the Council of Australian Governments (COAG) on the introduction of
National Competition Policy (NCP) in 1995.

Prior to the COAG agreement on NCP, there were a number of studies released, which

gave support to the concept of NCP. For the most part these studies were focussed on the

long-run benefits that microeconomic reform would bring. The most comprehensive study

was that by Industry Commission (1995), published shortly before the COAG agreement

on NCP. The Industry Commission (IC) modelled all of the NCP reforms as advanced by

Hilmer et al. (1993) and certain related reforms.

The IC used a model of the national economy (HIr-oneNI) and did not provide any regional

decomposition of results. Estimates of the regional effects of NCP were made at the time

by Madden (1995a and 1995b) using the vttrlRr model. However, like the IC, Madden

focussed entirely on the long run.

Both the IC and Madden projected significant long run increases in real GDP. The IC

study estimated a long run increase in real GDP of 5.5 per cent. Madden found a long run

increase in real GDP of 3.4 per cent. The lower impacts found by Madden were due

largely to the narrower scope of his study, rather than differences in shocks, model

structure, or closure (Madden 2000). Despite the Commission's estimate of the long-run

GDP impact being much smaller than some previous studies (e.g Ralph 1994), it was

criticised by Quiggin (1996 and 1997) as an overestimate.
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The main points of Quiggin's (1997) detailed critique of the IC study can be summarised

under three points. The first was that the IC's assumption that all jobs lost through NCP

would be matched by job expansion elsewhere in the economy was contrary to the IC's

own evidence on the experience of workers made redundant by labour-shedding. Quiggin

cited the IC as suggesting that "about 50 per cent of workers made redundant by

microeconomic reform were still unemployed or not in the labour force after three years".

The second of Quiggin's arguments was directed at the method employed by the IC to
estimate the direct effect of NCP. The IC assumed that exposure to competition would

force Australian government business enterprises to achieve 'world best practice' through

internal restructuring. The long run benefits of microeconomic reform were therefore

measured by the IC as the gap between current productivity performance and world best

practice. World best practice was determined by examining the productivity performances

of the top ranked enterprises within each industry. The best practice benchmark was then

set between the productivity performance of the top-ranked and second-ranked enterprise

within each industry (Quiggin 1997). The productivity improvement to be delivered by

NCP was then set equal to the gap between the current productivity performance of the

Australian enterprise and the best practice benchmark.

Quiggin argued that the IC's approach set the productivity benchmark at the maximal or

near maximal observation, while failing to take account of the fact that any sample of
productivity measures for selected enterprises will be subject to errors, measurement biases

and enterprise-specific factors. Quiggin suggested that one way of overcoming these

problems would be the use of the stochastic frontier production (SPF) method. Whiteman

(1999) considered this claim. Whiteman estimated technical efficiency for Australian and

international electricity suppliers using SPF and data envelopment analysis (DEA), the

latter being one of the methods criticised by Quiggin. However contrary to Quiggin's
concerns, Whiteman showed that, on average, the DEA estimates of the productivity gaps

were approximately half those of the SPF estimates.

The third element of Quiggin's critique of the IC's study related to the latter's choice of
counter-factual when calculating the productivity effects of NCP. The productivity effect

of NCP should be set equal to the difference between the productivity levels expected to be
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achieved in the presence of NCP, and the productivity levels expected to be achieved under

the counter-factual. The IC's calculations effectively assumed that the level of
productivity growth under the counter-factual would be zero. This allowed all of the

difference between current productivity and benchmark productivity to be attributed to

NCP. No account was taken of the fact that most of the Australian enterprises had

experienced steady growth in total factor productivity in the past.

6.1.2 Current study

One of the many outputs of the historical simulations reported in Chapter 4 are year-by-

year changes in primary factor productivity in the Tasmanian and Mainland Utilities

industries for the years 1993194 to lgg8l99 inclusive. In the current siudy, the

consideration of what might have been the productivity consequences of NCP is taken up

by examining the productivity changes derived during the historical simulations for both

the Tasmanian and Mainland Utilities sectors. The question to be considered initially is

whether productivity growth in Utilities increased in the period subsequent to the COAG

agreement.

The six years of the historical simulation period were divided in two, the first three years

being considered as approximating the pre-NCP period. The average productivity

improvements for the two phases were compared, and the differences were assumed to be

the impact of NCP as agreed by the Council of Australian Governments in 1995. By using

an estimate of the actual increase in Utilities annual productivity improvement, the

problem in estimating the degree and speed with which NCP will remove efficiency gaps is

reduced. An obvious limitation of this approach is that only one explanatory variable

(NCP) is posited to account for the observed difference in average productivity between

the two periods. The method does however allow for ongoing productivity improvement

in the counterfactual, thereby avoiding the third of Quiggin's criticisms of the IC's study.

Figures 6.1 and 6.2 summarise the percentage changes in primary factor productivity for

the Tasmanian and Mainland Utilities sectors over both the historical and forecast periods.

The Figures also contain the assumed percentage changes in primary factor productivity in

the deviation simulation undertaken below. For Tasmanian Utilities, the average annual
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additional productivity improvement estimated to be brought out by NCP was 3.0 per cent

(an average value for annual primary factor saving technical change of 6.0 per cent for

Figure 6.1 : Tasmanian Utilities: primary factor saving technical change
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Figure 6.2: Mainland Utilities: primary factor saving technical change
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1993194 to 1995196, compared with 9.0 per cent for 1996197 to 1998199). The estimated

NCP-induced productivity improvement for the Australian Mainland Utilities sector was

considerably less. The average value for annual primary factor saving technical change for

the Mainland Utilities was 7.0 per cent in the first three years and 7.7 per cent in the

second three-year phase. This appears consistent with the substantial microeconomic

reform that occurred in Mainland Utilities prior to the introduction of NCP. It is worth
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noting that over the full six years of the historical period, the annual average productivity

improvements for this sector in each of the two regions are almost identical, with
Tasmania's at7.5 per cent and the Mainland's at7.4 per cent.

In the deviation simulation, the rate of change in primary factor productivity in both the

Tasmanian and Mainland Utilities sector is assumed to be the same as in the historical

simulation for the period 1993194 To 1995196 inclusive. Then, over the second half of the

historical period, primary factor productivity growth in this sector is assumed to be 3.0 and

0.7 percentage points per annum lower in Tasmania and the Mainland respectively. Over

the forecast period, 1999100-2003104, total factor productivity growth is then assumed to

return to its assumed rate of growth under the forecast simulations.

6.1.3 Closure

For that part of the simulations which relate to the period 1992193 - 1998199, the closure of
the model is identical to that used in the decomposition simulations reported in Section 4.5,

with the exception only of the CPI-X pricing rule (see below) and the labour market

adjustment mechanism. In the deviation simulations, the labour market adjustment

mechanism is rendered operational by swapping the endogenous / exogenous status of
delJ_wage_c and fpr", and then shocking real_wage_c_o and emp_w_wgts_o

exogenously equal to the values in the base case of r_prewage and l_emp respectively. For

a discussion of the operation of the labour market adjustment mechanism, see Section

2.12.14. Otherwise, for the period 1999100 to 2003104, a closure of the model that is
analogous to the decomposition closure described in Section 4.2.2 is employed. I do not

provide a detailed description of this closure here, because its content is readily apparent

from the discussion of the forecasting closure in Chapter 5, and an understanding of the

construction of the decomposition closure discussed in Section 4.2.2. As was discussed in

Chapter 5, certain structural, policy, and external variables were endogenous in the

forecasting closure to allow for the exogenous determination of certain variables for which

extraneous forecasts were available. These variables are returned to their exogenous status

in the policy simulations (with the exception only of those variables relating to the CPI-X

rule and the labour market adjustment rule), and shocked equal to the values that they

attained under the forecasting simulations. All other exogenous variables are shocked by

the same values with which they were shocked in the forecasting simulation.
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The same CPI-X rule that was assumed to be operationai under the histoncai ciosure and

forecasting closures is also assumed to remain operational under the deviation closure.

This means that the deviations in primary factor productivity will be reflected in lower

profits to the regional governments owning the capital in the Utilities sector, while Utility
output prices continue to track changes in the regional CPI. The question of how accurate

a reflection of reality this represents should be considered, given that there were some sales

by regional governments of their assets in these industries over the period. Not only will
this have reduced their control over output prices, but it will have also reduced the

sensitivity of their net revenues to the fortunes of the firms subsumed within the Utilities

sector. Recall that two industries (25.Electricity, and 26.Other utilities) are subsumed

within the Utilities sector. Beginning with Tasmania, effectively all the enterprises within

these industries have remained government owned for the entire historical period, and are

likely to remain so over the forecast period. The situation for the Mainland is less clear-

cut. Starting with industry Z5.Electricity, effectively all of Victoria's electricity assets

have been privately owned since 1996D7132, the first year of the deviation simulation.

South Australia has started privatising its generation and transmission assets only in the

past year. These two states account for approximately 24 per cent and 6 per cent

respectively of value added in the Mainland electricity industry (ABS 1999d). State

government's continue to own effectively all of the generation and transmission assets in

the remaining states, suggesting that roughly 70 per cent of the activity in the Mainland

electricity market is still accounted for by state owned enterprises. Hence, in the present

study, the assumption that the Mainland regional governments can set prices for

25.Electricity, with their profits from this industry determined endogenously, is a useful

working rule although clearly only an approximation of'realrty. In future work, the

problem of government ownership in this industry could be addressed by identifuing two

separate Mainland electricity industries - one essentially privately owned (and operating in

South Australia and Victoria), with the remainder primarily publicly owned.

Effectively all gas industry assets are privately owned in each state, and effectively all

water and sewerage assets remain government owned. Gas accounted for one-third of the

r32 Although the Victorian government continued to collect signihcant franchise fees (approximately $350m)
from retailers under a five year arrangement expiring in December 2000.
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value added of peo¡R¡t--n industry 26.Other utilities in 1998/99, with water and sewerage

accounting for the remaining two-thirds (ABS 1999d). Since there is essentially no gas

industry in Tasmania, both the application of the CPI-X rule and the allocation of GBE

rentals from this industry to the Tasmanian goverrìment, are not unreasonable assumptions.

The situation for the Mainland however is similar to that for the industry 21.Electricity. A
sufficiently high proportion of the activity in 26. Other utilities (that is, approximately one

third) is accounted for by private enterprise. This suggests that for this industry, we can

only cautiously proceed with the use of the CPI-X pricing rule and the allocation of GBE

rentals to govemment. Again, in future work, this limitation could be overcome by

dividing industry 26.Other utilities into its two sub-components (gas, and water and

sewerage).

6.l.4Broad Approach

The study period for the simulations undertaken in Section 6.1.5 is 1996/97 through to

2003/04. The base case, or counter-factual for these simulations is comprised of the results

of the historical simulations for the period 1996197 - 1998199, and the results of the

forecast simulations for the period 1999100 through to 2003104. The policy or "deviation"

simulations then coÍtmence with the 1995196 database generated during the historical

simulations as the initial solution for the 1996197 simulation. However thereafter, it is the

updated policy-inclusive databases that form the initial solutions for each subsequent

year's simulation. In any given year of the simulation period, the deviation in the result for

percentage change variable /r from its value in the base case (dlo') is then given by:

[[ç t' + rt')ol 
n(t 

+,[r)ul -'] "oo
(r < s),

where ,lo'o it the percentage change in variable fr in the deviation simulation for year t

relative to its value in the deviation simulation for year t-1, and ,!o'u i" the percentage

change in variable Ë in the base case simulation for year r relative to its value in the base

case simulation for year t-lr It is the values for dfk) that are reported in Tables 6.1 and 6.2

in Section 6.1.5.
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6.1.5 Results

Two sets of simulations are undertaken. In the first set, the borrowing requirements of
both the Commonwealth (cb2) and regional governments (cblr) are allowed to deviate

from their levels in the base case. In the second set of simulations, it is assumed that the

Commonwealth and regional govemments take action to ensure that these variables do not

deviate from their base case values. To ensure that government borrowing requirements do

not deviate from their base levels, regional governments are assumed to vary their average

payroll tax rates (frollr is determined endogenously), and the Commonwealth government

is assumed to vary its average PAYE income tax rate (fpoy" is determined endogenously).

In each simulation, the regional governments are assumed to continue to fix the price of the

output of Utilities equal to the regional CPI less some fixed amountl33. Tn-e rate of
productivity improvement in Utilities in each year of the period 1996197-1998199 is then

reduced, as discussed in Section 6.I.2. V/ith the potential for changes in the price of
Utilities constrained by the operation of the CPI-X rule, demand for the output of the sector

is essentially unchanged. Hence a slower rate of efficiency growth is manifested in rising

employment in Utilities relative to the base case, and a rising government borrowing

requirement (as the regional govemments sacrifice lower profit in the face of lower

productivity growth in order to maintain the CPI-X pricing rule).

Table 6.1 reports the results of the first simulation. Macroeconomic results are reported for

the Tasmanian and Mainland economies, and sectoral level results are reported for

Tasmania only. The deviations in the basic price of Utilities output away from it base

values track the deviations in the regional consumer price index because of the operation of
the CPI-X rule. In the first year of lower productivity growth (1996/97) both the

Tasmanian consumer price and basic price of Utilities rises by 0.12 percentage points,

relative to their historical values for that year. By the final year of lower productivity

growth (1998199), both price indices peak at 0.27 per cent higher than their historical

values for that year. Thereafter, the two price indices decline until they are only

marginally higher (0.06 per cent) than their forecast values for 2003/04. The initial rise in

r33 that is, the "X" component of the CPI-X pricing rule. As is the case in the base simulations, this continues
to be 0.3 for Tasmania, and 1.3 for the Mainland in each year of the simulation period.
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the Tasmanian CPI reflects the rise in Tasmanian consumption expenditure. Real

Tasmanian consumption expenditure is projected to be 0.57 percentage points higher than

it would otherwise have been by the final year of lower productivity growth (1998/99).

This seems a somewhat counter-intuitive result, given that the underlying shock is one of
deteriorating productivity growth. The key to this result is the assumption that regional

governments in the deviation simulation continue to set the price of Utilities output using

the CPI-X pricing rule. This ensures that none of the cost consequences of the slower rate

of productivity growth are reflected in the price paid by users of Utilities output. Rather,

regional governments in this simulation operate to effectively subsidise Utilities (via lower

production tax rates), thereby incurring higher borrowing requirements.

With the price of Utilities output essentially unchanged, the output of the Tasmanian

Utilities industry is also projected to be largely unaffected in the deviation run. V/ith

primary factor productivity declining in the presence of (essentially) fixed capital stocks,

this implies a significant increase in employment in Utilities. In the first year of the

deviation simulation, just under forty percent of payments to primary factors in the

Tasmanian Utilities sector is accounted for by payments to labour. With ouþut initially

unchanged and capital stocks fixed, this translates the decline in primary factor

productivity of 3 per cent into an increase in employment of approximately 7.5 per cent in

each of the shock years. Hence by the final shock year (1998/99) employment in

Tasmanian Utilities is 24.0 per cent higher than what it would otherwise have been. In the

initial year of the deviation simulations, the wage bill in the Tasmanian Utilities sector is

approximately 1.8 per cent of that for Tasmania as a whole. Hence the increase in Utilities

employment alone in the initial year lifts Tasmanian employment by 0.13 percentage

points - approximately one half of the total increase in Tasmanian employment in that year

(0.27 per cent). The remaining employment gain is due to the regional multiplier effects of
both higher real regional consumption and real regional investment expenditure. The rise

in real investment reflects the rise in the regional labour I capital ratio, which is associated

with an increase in expected rates of return on capital.

Clearly however, the results in Table 6.1 do not provide a full picture of the consequences

of a slower rate of growth in productivity in the Utilities sector. A reasonable assumption

is that regional governments will act to neutralise the impact of declining profits from

Utilities on their net financing requirements. By the end of 1998199, the Tasmanian
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goverlrment has accumulated deficits of $55 m. and the Mainland government has

accumulated deficits of $272 m. Table 6.2 presents results for simulations in which both

regional governments and the Commonwealth Government maintain borrowing

requirements in the deviation run that are identical to those they achieved in the base run.

For regional governments, it is assumed that this is achieved through variations in their

average rate of payroll tax. This assumption is justified on the basis of receipts of payroll

tax representing the largest share of own-source revenue for regional governments. The

Commonwealth Govemment is assumed to vary its average rate of PAYE income tax to

neutralise the impact of the scenario on its borrowing requirement.

In the first year of the simulation, the Tasmanian goverTrment must recover approximately

$16 m. in revenue through higher payroll tax rates. This represents just over 10 per cent of
total payroll tax collections in that year. However the required increase in the average rate

of payroll tax turns out to be slightly higher than this, at approximately 13 per cent in the

first shock year. This is due in part to the fact that employment falls when the payroll tax

rate is lifted. However a more important factor is that there is a change in the industrial

composition of employment towards those industries subject to relatively low payroll tax

rates and away from those industries subject to relatively high payroll tax ratesl3a. While

in absolute terms the amount of revenue that must be collected by the Mainland

government is significantly higher than that for Tasmania, this represents a much smaller

proportion of total payroll tax collections. In the first year, the Mainland regional

government is only required to lift its average payroll tax rate by 1.4 per cent. As a result,

by the end of the three years of the shock period, the Tasmanian government's average

payroll tax rate is projected to be 42.8 per cent higher than its historical value for that year.

In comparison, that of the Mainland government is projected to be only 3.1 per cent higher

than its historical value. The difference reflects the smaller reduction in productivity

shocks to which the Mainland is subject in the deviation simulations, and the greater

importance of receipts from GBE's in the total revenues of the Tasmanian regional

government.

''o Fo. example, n 1996197, employment in Utilities expands by 6.57 per cent, however this industry is
subject to a zero rate of payroll tax. Employment in Mining contracts by 1.4 per cent, and this industry is
subject to a 5.25 per cent payroll tax.
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The increase in payroll tax rates in the two regions initially causes activity in both

economies to contract. For example, in the first year of the deviation simulations, real

gross regional product in Tasmania and the Mainland contract by 0.17 and 0.03 per cent

respectively. By the end of the three years in which the productivity shocks are

administered, the reductions in activity away from their historical values have increased to

0.63 and 0.04 per cent for Tasmania and the Mainland respectively. Moving into the

forecast period, Tasmanian real GRP is left lower by approximately 0.55 percent per

annum. In the long run, the impact of the shock on the Mainland is mitigated by a falling

national real wage as the level of national employment returns to its base forecast value. In

1998199, employment in both Tasmania (at -0.42 per cent) and the Mainland (at -0.02 per

cent), and hence also national employment, are lower than their historical values. However

by 2003104, national employment has nearly retumed to its base forecast value - that is the

deviation in national employment is close to zero. With Tasmanian employment

eventually contracting by just under half a per cent, this allows Mainland employment to

rise by 0.02 per cent. Hence the contraction in Mainland real gross regional product peaks

in 1998199 at -0.04 per cent. Thereafter, as national employment returns to its long-run

forecast value, there is a small rise in Mainland employment. This leaves Mainland real

output unchanged by 2003104 despite the small fall in Mainland Utilities productivity and a

small fall in the rental-weighted value of the Mainland capital stock.

Real Tasmanian household consumption expenditure initially falls at approximately half
the rate of the fall in Tasmanian employment. This reflects the fact that the non-wage

income components of Tasmanian household disposable income (such as unemployment

benefits, rental receipts from Mainland capital, and other government transfers) are

relatively unaffected by the shock. There is a small rise in Tasmanian investment, during

the first three years of the simulation period. This reflects the net effect of rising

investment in Utilities, where rates of retum are rising because of the increase in the

sector's labour/ capital ratio. After 1999100, the effects of declining investment in other

sectors dominates the aggregate Tasmanian investment result, leaving total Tasmanian

investment 0.28 per cent lower than forecast by 2003104. Real regional and

Commonwealth government consumption expenditure is unchanged from its base forecast

level. With Tasmanian real investment expenditure first rising and then later falling more

slowly than real GRP, real government consumption expenditure unchanged, and real
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household consumption falling more slowly than real GRP, Tasmania's balance of trade

deficit must increase. The interstate balance of trade deficit is relatively unaffected by the

shock. Interstate import volumes fall at about the same rate as the fall in real GRP, and the

fall in interstate export volumes is ultimately slightly slower than the fall in interstate

import volumes. Hence the requirement for Tasmania's overall balance of trade deficit to

increase is manifested in a decrease in the state's intemational balance of trade surplus.

This reflects the much higher price elasticity of demand for foreign exports relative to

interstate exports. Foreign import volumes into Tasmania contract at just under twice the

rate of the contraction in real output, falling by 0.31 per cent in the first year, and finishing

0.90 per cent below their forecast value in 2003104. Real Tasmanian foreign exports

initially contract by 1.18 per cent. By the last year of the productivity shocks, the

contraction in real Tasmanian foreign exports peaks at 3.82 per cent. Thereafter, as real

investment expenditure begins to fall, the contraction in foreign export volumes declines,

until by 2003104 they are 2.80 per cent lower than their forecast value for that year.

The sharp contraction in total Tasmanian foreign exports is reflected in the declining

exports of the more trade exposed sectors such as Mining and Manufacturing. By the final

year of the simulation, foreign exports of Tasmanian Mining are projected to be

approximately 7.3 per cent below their forecast value for that year. In the same year,

foreign exports of Tasmanian Manufacturing are projected to be approximately 2.3 per

cent below their forecast value. There is a small rise in Agricultural exports (0.03 per cent

in the first year, rising to 0.1,2 per cent in the final year), despite a small rise in the basic

price of the sector's output. This reflects a compositional matter. The exports of 3.

Fishing and Hunting in 1995196 represented just over half of the Agriculture sector's

exports, while the industry's value added represented lust under one thtrd of'the sector's

value added. The basic price of this commodity falls slightly in the deviation simulation,

causing a small rise in its exports, while the reverse is the case for the other industries

subsumed within Agriculture. Hence, while the rise in3. Fishing and Hunting exports is

reflected in a small rise in export volumes for the Agriculture sector, the fall in the

industry's basic price is too small, relative to its share in the sector's value added, to offset

the effects of the rising basic prices of the remaining two sectors subsumed with

Agriculture.
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The contractions in Mining and Manufacturing exports leave the output of these two

sectors the worst affected among the Tasmanian sectors. By the final year of the

simulation period, the output of the Mining sector is 3.6 per cent below its forecast value,

leaving employment in the sector 4.1 per cent below its forecast value. Approximately half

of this contraction is attributable to the fall in the sector's export sales, with the bulk of the

remainder of the fall being due to declining intermediate sales to the Tasmanian

Manufacturing sector. By 2003104, output in the latter sector is projected to decline by 1.1

per cent relative to its forecast value, leaving employment in the sector lower by 1.7 per

cent. Approximately two-thirds of the contraction in this sector's output is due to the fall

in its export volumes, with the remaining third being attributable, in approximately equal

pârts, to declining intermediate sales to Tasmanian and Mainland firms. The contractions

in activity experienced by the Agriculture, Utilities, and Finance sectors are all largely

explicable in terms of declining intermediate input sales to Tasmanian firms. The

contraction in the Margins sector tracks relatively closely the decline in aggregate activity,

and reflects declining sales to both current producers and users of margin services. The

decline in activity in the Entertainment sector is due largely to declining sales to

consumers, in addition to a smaller effect from declining sales to Tasmanian producers.

Outputs of Public Administration and Community Services are largely unaffected,

reflecting the fact that real government expenditure in the deviation simulation does not

change from its level in the base historical and forecast simulations. At first the output of
the Construction sector rises, tracking the increase in Tasmanian investment expenditure,

until it is 0.50 per cent higher than its historical value for 1998199. However from 2000/01

to 200310{ the sector's output is below its forecast values, reflecting the decline in

Tasmanian real investment expenditure over this period.

6.1.6 Conclusions

The modelling in Section 6.1.5 has introduced three new features to the CGE modelling of
NCP. First, the calculation of the NCP related shocks was informed by a comparison of
the pre- and post-NCP productivity performances of the Utilities industries. Previous

studies have based these shocks on estimates of the gaps between actual and best-practice

productivity, raising questions about the reasonableness of attributing the closure in this

productivity gap to NCP, and the proper specification of the counter-factual. The second

novel feature of this study is the use of a multi-regional dynamic model. Previous studies
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of the regional consequences of NCP have used comparative static models. Finally, the

mocielling has been intbrmed by a greater attention to the fiscal dimension of
microeconomic reform than has been paid in previous studies. In particular, both the role

of regional governments in setting the price of Utilities ouþut, and the impact of changing

GBE profitability on the fiscal positions of regional govemments, were explicit elements

of the modelling.

Madden (2000) noted that that one of the factors blamed for the widely perceived increase

in the economic divide between capital cities and regional Australia has been NCP. The

Productivity Commission (1999c) also stated that "NCP is widely perceived as being

responsible for the withdrawal of government services, the demise of local businesses, the

closure of country bank branches and is regarded by some as a major factor behind the

population decline in parts of country Australia". In some respects Tasmania can serve as

one case example in the consequences of microeconomic reform for an ailing regional

economy. For example, the state accounts for only approximately two per cent of national

activity, and was considered sufficiently small by the Taskforce on Regional Development

(1994) to be defined as a region in its own right. The region's growth rate has lagged that

of the nation as a whole, so that its share of total activity has declined from 2.1 per cent in

1992193 to 1.9 percent in1999100. In Chapter 5 this share was forecast to decline even

further, to 1.7 per cent by 2003104. Inter-regional and international trade accounts for a

relatively high proportion of gross regional product. Throughout the 1990's the region has

been subject to high rates of unemployment relative to the nation, and high and persistent

emigration to the Mainland. Overall, Tasmania conforms to the popular image of regional

economic and social disadvantage, as outlined for example by Sorensen (2000).

The results in Table 6.2 do not lend any clear support to the proposition that a higher pace

of productivity growth in the Utilities sector has added to either the economic or social

disadvantage of Tasmania. On the contrary, by reversing the signs in the table, it is
apparent that the increase in productivity growth between 1996197 and 1998/99 improved

the major indicators of economic advantage. The state's population is projected to be

approximately 0.01 per cent higher than forecast. Real consumption per capita is projected

to be approximately 0.3 per cent higher. Employment and real gross regional product are

projected to be, respectively, approximately 0.4 and 0.5 per cent higher than forecast.
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Overall, the benefits of NCP appear to outweigh the costs for an economy like Tasmania.

However, NCP is clearly associated with adjustment costs, as is bome out by the

employment results for the Utilities sector. However adjustment costs are mitigated.in

other sectors, where employment is projected to be higher in the presence of faster

productivity growth. For example,2003104 employment in Mining is approximately 4.1

per cent higher than forecast. This is in a sector in which the base forecast has

employment contracting at an annual average rate of 7.03 per cent. Some way of
evaluating, aggregating and comparing these adjustment costs is required before more

definite statements can be made about the relative sizes of the costs and benefits of NCP in

general. This question is taken up further in Chapter 7. It could also be argued that

Tasmania, while a small region, is still too large to serve as a reasonable proxy or

representative case example of the regional consequences of NCP. Furthermore, the region

is encompassed by a single government, which in these simulations manipulates a region-

wide tax (the payroll tax) with significant employment consequences. To better investigate

the regional consequences of NCP for Tasmania, a top-down decomposition of the

Tasmanian results to sub-state regions using an oRES (Dixon et al. 1982) style regional

extension, such as that employed in Giesecke (I999a) could be added to the model. This

would allow better modelling of the effects on sub-state regions of microeconomic reform,

which could be important for regions in which the industries subject to the direct effects of
reform account for a relatively large share of sub-regional activity. For example, the

Productivity Commission (1999b), using an oREs-style decomposition of national results,

found that NCP increased gross regional product in all statistical divisions other than

Gippsland in Victoria. A large share of activity in the latter region is accounted for by

electricity generation, a sector directly affected by the simulations they undertook.

6.2 A REcToNAL covERNMENT MAcRoECoNoMIC RECovERy pACKAGE.

6.2.1Introduction

As discussed in Section 5.7, the forecast simulations show Tasmania's GSP growth rate

lagging that of the Mainland by an annual average of approximately 1.4 percentage points

per annum. An interesting question to investigate is whether it is within the power of the

Tasmanian government to influence materially this forecast outcome. To this end, two

policy packages are examined. In the first, the question asked is whether, over the forecast
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period, there exists a feasible re-anangement of the revenue raising effort of the Tasmania

government, which maintains Tasmania's share of national GDP at its i998199 level? The

judgement of feasibility is made on an informal, plausibility basis: are the changes in
policy instruments required to maintain a constant share of national GDP excessively large,

relative to the original tax bases upon which they operate? This is indeed found to be the

case. Hence a second and (comparatively) less ambitious policy change is considered.

This involves the gradual but complete elimination of payroll tax over the forecast period,

and its replacement with a direct tax on households. Even when such a dramatic tax

change as this is considered, the impact on the forecast for Tasmania's share of national

activity is not large.

The starting point for the simulations are the results of Giesecke and Madden's (1997)

ranking of the impacts on Tasmanian gross regional product of changes in selected

regional goveÍrment taxes. They found that real gross regional product was most sensitive

to changes in the average payroll tax rate, falling as it does directly on the producer cost of
labour. The taxes that had least effect on real gross regional product were those that

directly reduced household income, such as motor vehicle taxes and fees and fines.

Payroll tax collections in 1997198 were the largest source of Tasmanian government own-

source revenue, at approximately $144 m (ABS 1998b). In the same year, fees and fines

raised approximately $47 m. On the face of it, the relative sizes of these two tax bases

suggest that the scope for changing the revenue raising effort away from payroll taxes and

towards direct taxes may be limited. However there are a number of state government

indirect taxes, (and which are currently modelled as such in prtsRel--n) some components

or proportions of which coui<i nevertheiess be plausrbly modelled as changes m drrect

taxes. For example, an increase in vehicle registration fees and taxes ($64 m. in 1997198)

and stamp duties on existing vehicle registrations ($27 m.) would likely largely act as a

direct tax in the short run, since the stock of privately owned cars in the short-run is

essentially fixed. More importantly perhaps, since 1978 the states have had the capacity to

levy surcharges on Commonwealth income tax, although no state has as yet taken up this

option. Hence, there is potentially more scope to switch the state's revenue raising effort

away from payroll taxes and towards direct taxes on households than is perhaps indicated

by a simple comparison of the relative amounts currently raised by these two instruments.

420



I¡,Tusln¡uvn APPLICATIoxS III: PoT,Icy SIMULATIoNS

6.2.2 Maintenance of a constant share of national GDP

In this simulation, Tasmania's share of national GDP (grp_sh)t3s is determined

exogenously, and the tax which has the most impact on real GRP - the payroll tax (frollr) -

is determined endogenously. Under this closure, the average Tasmanian payroll tax will
adjust in each period to ensure that Tasmania's share of national GDP is equal to the

exogenously determined value of grp_sh1. The latter variable is shocked equal to 0,

thereby imposing maintenance of a constant share of national GDP on the part of
Tasmania. The Tasmanian govemment's borrowing requirement is then not allowed to

deviate away from its forecast value. This requires that cblr¡ be determined exogenously,

and the shift variable on state govemment income reducing taxes (fjtaxr) be determined

endogenously.

The results of the simulation, for selected Tasmanian and Mainland regional variables, are

contained in Table 6.3. This shows Tasmanian real GSP at factor cost rising from 1.79 per

cent higher than forecast in 1999/00, to 7.00 per cent higher than forecast in 2003104.

Relative to the 2002103 deviation result, the deviation in real GDP in 2003104 is slightly

lower, because in the base forecast there is a small rise in Tasmania's share of national

GDP in the final year (see Section 5.7). Real GSP at market prices rises slightly faster than

real GSP at factor cost, indicating that the simulation has stimulated activity in areas

attracting indirect taxes. Relative to the growth in employment, the growth in real

consumption expenditure is quite subdued. This reflects the increase in Tasmanian

government taxation of household income as the average rate of payroll tax falls. Hence,

while in the underlying forecast Tasmanian consumption expenditure accounts for

approximately 70 per cent of Tasmanian GSP by 2003104, this falls to 65 per cent in the

deviation simulation. While there is some growth in investment (3.01 per cent higher than

forecast in the final year), this too is subdued. While investment increases strongly in the

traded goods sectors, there is little change in investment in those sectors producing output

primarily for household consumption and government, and this depresses the real

investment result relative to the real GSP result. With aggregate investment rising more

slowly than real GSP, by 2003104 its share of GSP also falls relative to its forecast level,

from 16 per cent to 15 per cent. Interstate export and import volumes are higher in the

deviation simulation by approximately the same percentage amount as real GSP. This

t'5 See Section 2.12.15.
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leaves the interstate balance of trade deficit as a share of GSP approximately equal to its

level in the base forecast. Ultimately, the growth in ouþut is reflected largely in higher

foreign export volumes (44.51per cent higher than forecast by the final year) reflecting the

high price elasticity of demand for these commodities. By the final year, this lifts the share

of exports in GSP from its value of 27 per cent in the forecast simulation to 35 per cent in

the deviation simulation.

Table 6.3: Simulation 1: Maintenance of constant share of national GDP
values)

Region t999100 I 2001

Tasmania
Mainland

1.99

0.00
3.00
0.01

8.
-0.

83prices) 6
-0.02 -0.06

Tasmania
Mainland

0.39
0.03

consumption
0.04 0.07 0.07 0.

4.22
-0.01

9.02
-0.02

I 1.51
-0.05

ll.1foreign imports 1

0.00Mainland

Tasmania
Mainland

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00 0expenditure

l.78
1.74

2.56
2.55

5.47
5.69

6.67
7.21Mainland

imports 6.33
6.8

2.30
0.00

3.30
-0.01

7.tl
-0.03

8.89
-0.08Mainland

8

-0.11

Tasmania
Mainland

0.00
0.00

0. 0
0.00 0.00 0.01 0.01

stock (asset value

Tasmania
Mainland

0
00 0 0

government
requirement

0
-0.61

0 0 0
-0.59-0.22 -0.35

ederal borrowing
PAYE tax rate
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While the results indicate that a combination of direct taxation and payroll taxation exists

which maintains Tasmania's share of national GDP, this combination is in no sense

feasible. The results for the two Tasmanian government policy variables, fjtaxl and

frollrl, are also included in Table 6.3, and are also graphed in Figure 6.3. In the first year,

the average Tasmanian payroll tax rate falls by I20 per cent - that is, it becomes a per-unit

labour subsidy. In 1998199 (the initial solution to the 1999100 year), the database value for

Tasmanian govemment payroll tax collections was just under $150 m., representing

approximately 2.3 per cent of the total Tasmanian gross labour bill. Hence, in the first year

of the simulation, a labour subsidy of $30m., or approximately 0.5 per cent of the total

Tasmanian labour bill, is required to maintain Tasmania's share of national GDP. At the

same time, an increase in state government direct taxation of 3 13 per cent is required. This

lifts collections of direct taxes from approximately $45 m. to $190 m. The difference

between what is disbursed via the reduction in payroll taxes (approximately $180 m.) and

what is received from the increase in direct taxes (approximately $145 m.) is recouped in

higher tax receipts from other sources as the Tasmanian economy expands.

Figure 6.3. Time paths for Tasmanian Government tax instruments
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Thereafter, continuous reductions in the payroll tax rate, and continuous increases in the

direct tax rate are required to maintain the state's share of GDP, until the final year of the

simulation period. Recall that in the underlying forecast, there is a small rise in
Tasmania's share of the national GDP in the final year. This allows in that year a small

increase in the payroll tax, and a small fall in the direct tax, relative to the deviation result
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for the previous year. If the infeasibility of the package were not apparent from an

inspection of the first year's results, it can be in no doubt from the final year's results. In

the penultimate year, when the deviations in the tax rates peak, the payroll tax is forecast to

be 581 per cent below its forecast level, and the direct tax rate is forecast to be 1510 per

cent above its forecast value. In dollar terms, these are equivalent in current (2003104)

dollars to $-700 m. and $787 m. respectively. The former figure is equivalent to a per unit

labour subsidy of approximately nine per cent of the gross wage bill.

These results are broadly consistent with the findings of Giesecke and Madden (1997),

who undertook a comparative-static analysis with a 1992193 Tasmania / Mainland

implementation of r¡DERAL. One of the features provided by the dynamic modelling is the

provision of an interesting target (maintenance of national GDP) against which to model

the scope for regional government policy action. Giesecke and Madden found that the

short run impact on real GSP at factor cost from raising $10 m. in net revenue from an

increase in either payroll tax or direct tax, were -0.22 and -0.05 per cent respectively. In

Table 6.3, the required deviation in the Tasmanian growth rate in real GSP at factor cost is

approximately 1.8 percentage points in the first year of the simulation. On the basis of
Giesecke and Madden's results, we would expect that to close this gap we would need to

transfer approximately $105 m.t3u lin lgg2lg3 terms) in revenue raising effort from the

payroll tax base to the direct tax base. This is equivalent to almost $140 m. in 1999/00

termsl37, which is comparable to the result from rpo¡RAL-F in the initial year of the

deviation simulation. In the final year of the deviation simulation, an increase in
Tasmanian real GSP at factor cost of 7.00 per cent is required. Again, using the Giesecke

and Madden (1997) results, this requires approximately $410 m. (in 1992193 terms) in

revenue raising effbrt to be shitte<Í tlom the payroll tax base to the direct tax base. In
2003rc4138 terms, this equivalent to approximately $700 m., which is again broadly in line

with the results obtained with ppoenll-n for that year.

"u (1.8 / (0.22-0.05)) x lo
r37 f'he nominal size of the Tasmanian economy increased by approximately 30 per cent between l9g2lg3
and 1999/00.
r38 'I'he nominal size of the Tasmanian economy is forecast to grow by a little under 30 per cent between
1999/00 and 2003/04. See Table 5.7.
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6.2.3 A run-down in payroll tax collections to zero

In this simulation, payroll tax collections are steadily reduced over the forecast period until

they are zero in 2003104. Such a policy is likely to be at the very outer bounds of what

would ever be considered politically feasible by a state government. Despite the likely

impracticality of the proposal, its extreme nature makes the results of the simulation more

interesting rather than less so, since the results will illustrate the limits of the practical

influence that a state government can hope to have on aggregate economic activity within

its jurisdiction. That is, the outer bounds of the influence of state government

macroeconomic policy will have been illuminated.

To simulate this policy, the same closure is used as that in the simulation in Section 6.2.2,

with one exception. Instead of determining grp_sh7 exogenously, Tasmanian government

total payroll tax collections (sgptrl) are determined exogenously. In the new simulation,

aggregate Tasmanian payroll tax collections are reduced by approximately the same

absolute amount in each period. Hence, sgptr¡ is shocked by -20, -25, -33.33, -50, and -

99r3e per cent in each of five years between 1999100 and2003104 respectively.

Table 6.4 contains selected results from this simulation. As one would expect, the

directions and relative sizes of the impacts are the same as those in the previous simulation,

although of a smaller magnitude. Again, the growth in real consumption and real

investment is subdued relative to the growth in real GSP. V/ith interstate exports and

imports rising at approximately the same rate as real GSP, the increase in real output is

reflected in rising foreign exports, which is facilitated by a decrease in the Tasmanian price

level. The percentage changes in the two policy variables away from their forecast values

are contained in Table 6.4 and also graphed in Figure 6.4. These show the average rate of
payroll tax falling steadily over the simulation period, so that by 2003104 it is less thart lo/o

of its forecast value. Over the same period, the revenue that was raised from the payroll

tax is instead raised from a higher rate of direct taxation. This sees the direct tax rate

increase by 53 per cent of its forecast value in the first year, and then rise further in each

year thereafter until by 2003104 it is 288 per cent above its forecast value.

r3e In the final simulation sgptrl is shocked by -99 per cent to prevent the values for any payroll tax
collections passing through zero.
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The processes generating the time paths for the policy variables in Figure 6.4 can be seen

by considering further the results of the first year's simulation. In that year aggregate

payroll tax receipts are reduced by 20 per cent, which is associated with a reduction in the

average rate of payroll tax of 20.6 per cent. Ceterus paribus, this is associated with a rise

Table 6.4: Simulation 2: Elimination of payroll tax
(D evi ation s from for e c as t v alue s)

1.19
0.01

1.48

0.01
0.

Mainland 0.01 0.03

Tasmania
Mainland

0.08
0.00

0.
0.

consumption
0.02 0.020.02

18

Tasmania
Mainland -0.01 0.00 0.00 -0.01 -0.01

2.

expenditure Mainland
0

0.00 0.00 0.00 0,00 0.

Tasmania
Mainland

0.31
0.34

0.55
0.53

1.01
0.92

1.22
1.l5

interstate imports I
1.3

1.54
-0.02

I
0Mainland

0
0.00 0.00 -0.01

0.03
0.00

0.07
0.00

0.1asset
Mainland 0.00 0.00

0.0

0
-0.16verage PAYE tax rate

0

-0,06 -0.17 . -0.16
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Flgure 6.4
Contributions to deviatim in real GSP (at market prices)
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in employment of approximately 0.5140 per cent as the producer cost of labour falls. In the

1998199 database, Tasmania collected approximately $150 m, in payroll tax. Hence a 20

per cent reduction in these collections is equivalent to a fall in payroll tax receipts of $30m.

However the expansion in economic activity that is induced by the payroll tax reduction

causes the Tasmanian govemment's borrowing requirement to fall by approximately $5

m.tot lçss than the amount of payroll tax revenue foregone. To maintain an unchanged

budget position relative to the forecast budget position, the government must raise the

remaining $25 m. from higher direct taxes. The base value for these taxes in the 1998/99

database is $46m., hence an increase in the direct tax rate of approximately 53 per cent is

required. This causes real Tasmanian household consumption to fall by approximately 0.3

per cent. While this is associated with a small rise in foreign and interstate exports, total

activity and hence employment in Tasmania falls. The increase in the direot tax rate

reduces Tasmanian employment by approximately 0,I per cent. When this is netted

against the rise in employment induced by the payroll tax reduction (0.5 per cent), the net

rao This result is not separately reported.
lal This result is not separately reported.
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employment effect is the expansion in employment of approximately 0.4 per cent reported

in Table 6.4.

Returns to labour account for approximately 68 per cent of Tasmanian GSP at factor cost

In 1998199, Hence in the frrst year of the simulation period the increase in Tasmanian

employment adds approximately 0.26 percentage points to real goss regional product.

Aggregate inputs of "other costs" move at the same rate as real GSP at factor cost (0.30 per

cent in the first year), and so add another 0,03 percentage points to the deviation in real

Tasmanian GSP142. The aggregate capital stock cannot deviate from its forecast level in

the flrrst period. Hence increases in factor inputs add approximately 0.29 percentage points

to Tasmanian real GSP in the first year. However Table 6,4 reports that real GSP at factor

cost increases by 0.30 per cent. The difference is attributable to the factthat the many

shocks that underlie and drive the forecast simulations are also administered in the

deviation simulation, Since the structure of the economy is changing (relative to the

forecast simulation) in the deviation simulation, these background shocks exert a slightly

different impact on the economy in the deviation simulation relative to the forecast

simulation. This adds approximately 0.01 percentage points to Tasmanian real GSP in the

first year of the simulation, leaving Tasmanian real GSP at factor cost 0.30 percentage

points higher than its forecast value in 1999100. The simulation also causes an increase in

activity in areas of the Tasmanian economy attracting indirect taxes. This adds

approximately 0.06 percentage points to the deviation in real GSP, leaving real GSP at

market prices 0.36 percentage points higher than its deviation level.

The various contributions to the deviation in real Tasmanian GSP are graphed in Figure

6.4. This figure indicates that the bulk of the increase in real GSP arises from increasing

employment. Inputs of "other costs" rise in line with the increase in real GSP at factor

cost. There is a small increase in real output (rising to 0.07 percentage points in the final

year) arising from the change in the structure of the Tasmanian economy in the deviation

simulation relative to the forecast simulation (labelled "Residual" in Figure 6.4). The

simulation induces a rise in indircct taxes, which account for a relatively constant share

(approximately 14 per cent) of the total deviation in real GSP at market prices. There is a

small rise in the Tasmanian capital stock over the simulation period, reflecting the rise in

142 Inputs of other costs account for about I I per cent of Tasmanian GSP at factor cost in 1998199.
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investment in the deviation simulation. However even by the final year, this extra

investment has only been sufficient to raise the capital stock 0.06 per cent higher than its

forecast value. This contributes only about 0.01 percentage points to the deviation in real

GSP in the final year.

For such a significant re-alignment of the Tasmanian government's taxation effort, it is
instructive to now consider what impact this has on Tasmania's forecast share of national

GDP. Figure 6.5 graphs both the historical and forecast values for Tasmania's share of
national GDP at factor cost. In 1998199, Tasmania accounted for 2.I per cent of national

GDP. In Chapter 5, this was forecast to decline to 1.7 per cent by 2003104. In the

deviation simulation, Tasmania's share of national GDP is forecast to be 1.8 per centby
2003/04. In Figure 6.5, the path of Tasmania's share of GDP in the deviation simulation is

given by the dotted line. This diagram portrays starkly the conclusion that the capacity of
state governments to influence their economy's growth path is extremely limited. Even

when a very large policy package is considered - one at the very limits of what might be

politically feasible - the deviation in real GSP is relatively small. In Tasmania's case, it is
unable to make a significant impact on the continued decline forecast for the state's share

of national economic activity.

Figure 6.5
Tasmanian GSP as a share of national GDP
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7 OvERVTEw AND Furunp DnpcuoNs

7.1 INTnoDUCTIoN

This thesis has involved the construction and testing of a two-region dynamic fiscal CGE

model of the Australian economy, FEDERAL-F. The theoretical structure of the model, and

its development from its parent model FEDERAL, were described in detail. The

implementation of the model for this thesis featured Tasmania as the region of focus, with

the second region being the remainder of Australia. An existing database for the

comparative-static FEDERAL model was the starting point for the development of the

database for the present implementation of FEDERAL-F, and so the modifications and

additions to the existing database were also described in some detail.

Five sets of illustrative applications were undertaken with the new model. The first

involved an investigation of the period 1992193 - 1998199. This uncovered the values for

the structural, policy, and external shocks, which together explained (within the confines of
the theory and data of the model) the observed economic outcomes for the two regional

economies over this period. Over the period investigated, the growth rate of the

Tasmanian economy consistently lagged that of the rest of Australia. This was found to be

due to the net effect of a large number of exogenous shocks. No single factor, or set of
factors, was found to account for Tasmania's relatively slow growth rate.

The second application was a forecast of the prospects for the two regional economies out

to 2003104. The key inputs to this forecast were an exogenously determined

macroeconomic environment for the Australian economy, and an assumption of a

continuation of the structural changes observed during the historical simulations. The

forecast simulations projected a continuation of Tasmania's relatively slow economic

growth rate, and hence a continuation of its historical trend of accounting for a decreasing

share of national economic activity.

The final three applications were policy simulations. The first of these investigated the

impact of changes in the rates of growth in primary factor productivity in the Tasmanian
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and the Mainland utilities sectors. Faster rates of technological improvement in the

Tasmanian utiiities sector in the second haif of the historicai period were associated with

higher rates of Tasmanian output, employment and per capita consumption growth over

both the historical and forecast periods. The second set of policy simulations investigated

the feasibility of the Tasmanian government re-arranging its revenue raising effort in such

a way that it could halt the forecast decline in its share of national economic activity. This

was not found to be feasible. The required reductions in the employment-generating

instrument (the payroll tax rate) and the required increases in the revenue-raising

instrument (the household direct tax rate) were found to be very high, and so not plausible.

The final simulation investigated a less ambitious version of the same policy; one in which

aggregate payroll tax receipts were steadily replaced by direct tax receipts over the forecast

period. The results of this simulation supported the proposition that even when very large

policy packages (in terms of the required changes in revenue raising effort relative to their

starting values) are considered, the scope for effective state government macroeconomic

policy is very limited.

The major contributions of this thesis relate to both the development of a dynamic bottom-

up multi-regional CGE model with a high level of fiscal detail, and the applications to

which this model has then been put. FpoEnRL-¡ can be used to elucidate both the regional

and sectoral effects of changes over time in government policy, technology, tastes,

resource availability, and conditions in foreign markets. The model is detailed and large

scale, and hence can be readily applied to the dynamic analysis of a wide range of state and

national economic issues. In this thesis, four issues were examined that have hitherto not

been investigated in Australia at the state level using a bottom-up dynamic CGE model.

First, a very detaiied anaiysis was undertaken of the cieterminants of Tasmania's reiative

economic performance through the middle of the 1990's. Second, these determinants were

used as input to a forecast for the prospects for the state economy. Third, the potential

impacts of certain national competition policy reforms on the Tasmanian economy within a

dynamic context were investigated. Finally, two simulations were undertaken to

investigate the extent to which it is within the power of a state government to materially

influence its projected economic growth rate.

A model that can elucidate the regional, sectoral, and fiscal aspects of both policy and

other shocks, and of general economic growth and decline, should see interest from users
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of CGE models outside of Tasmania, and possibly outside of Australia. A number of
implementations of the FEDERAL model already exist for Australian jurisdictions other than

Tasmania, and two of these are operated by users within those jurisdictions. This increases

the likelihood that there will be future implementations of rpoERRL-n which focus on other

Australian jurisdictions.

The remainder of this chapter considers in more detail the main contributions of the thesis,

some of the limitations of the work, directions in which the model can be developed in the

future, and further applications of the model. These issues orientate naturally around the

theoretical structure of the model, the model's database, and model applications, and so are

discussed under eaçh ofthese headings.

7 .2 TnuoRETICAL STRUCTURE

7 .2.1 Contributions of r'¡orR,tl-n

FsopRAI--R delivers a working two-region dynamic CGE model of the Australian economy,

featuring detailed industry, commodity, and fiscal disaggregation. It fills a signifìcant gap

between the comparative-static bottom-up regional analysis that could be undertaken with

FEDERAL and vvRr, and the dynamic tops-down regional analysis that could be undefaken

with ir¡oNnsH. Prior to the development of n¡oBRRI--¡, this gap was only filled by utrrnt,

which features more limited dynamics and a less detailed fiscal dimension than peoenll--p.

This leaves F¡ppn¡l-¡ as the most detailed bottom-up multi-regional dynamic CGE model

in Australia. It is a significant improvement on the regional CGE models represented in

the international literature, which are predominantly comparative-static, small scale, and

generally have limited fiscal detail.

The starting points for the development of FEDERAL-F were the FEDERAL and l¿oNesn

models. The general approach was to add to FEDERAL those broad features of the MoNASH

model that allowed it to be used in the dynamic analysis of a wide range of issues under a

variety of closures. In each instance, the particular feature had to be adapted to the multi-

regional character of ¡eoeRnI--p. In some instances, the multi-regional dimension of the

model, the presence of its detailed fiscal modelling, or simply a desire to attempt to
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improve on the MoNASH approach, led to a number of departures from the tr¡oNnsu theory

These departures are briefly revisited beiow.

Both tr¿oNRsH and FEDERAL-F contain a large number of equations that allow for the

exogenous determination of sectoral outputs, employments, and investments. In voNRSH,

when results for variables relating to a given sector are determined exogenously, the results

for the corresponding variables for the individual commodities/industries within that sector

are forced to equal the exogenously given value for the sector as a whole. While this

approach has also been implemented in FEDERAL-r', the option of an alternative approach

has also been introduced. This allows the industriaVcommodity composition of a given

sector's activity to change, while still allowing the weighted average of that sector's

activity to be determined exogenously. This allows the model to determine the

composition of the sector's activity (whether that activity be employment, output or

investment) among its component parts, on the basis of differences between industries in

real producer wages, demand conditions, or expected rates of return. It was this approach

that was implemented in the simulations undertaken in Chapter 4.

Providing for the exogenous determination of regional sectoral ouþuts in ¡¡teRRL-r'

introduced a number of difficulties that were not present in tr,loN¡,su. In MoNASH,

commodity outputs are determined exogenously by determining commodity-using

technical change shift variables endogenously. Hence, one option in ¡eoeRaL-F for

determining regional sectoral outputs exogenously is to determine source-specific

commodity-using technical change shift variables endogenously. This approach is

acceptable for commodities that are either used as margins, or are not traded inter-

regionaiiy. However, the approach may not be appropriate for goo<is that are traded inter-

regionally. As outlined in Section 4.4.4, whether this is so depends on the differences

between Region 1 and Region 2 agents in the relative shares of Region l-sourced goods in

the construction of an effective unit of a given commodity. To overcome this problem,

inter-regional sourcing twists were introduced to the model, which allow for cost-neutral

changes in the ratio of the usages of domestically sourced goods.

In tr¡oNesu, sourcing twist terms were introduced to allow for the exogenous determination

of international import volumes. The same approach has also been followed in ¡et¡RAL-F.

A complication in FEDERAL-F is the existence of three sources of supply (rather than the
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two in MoNASH). Substitution possibilities between these three sources of supply are

modelled by CRESH functions. The import twist terms in neoeR¡.L-F are derived with

these CRESH functions in mind, which leads to a more complex expression for these terms

than that present in vtoNRsu, which uses CES functions to govem substitution possibilities

between only two sources.

The MoNASH model includes "phantom tax" terms to allow for the exogenous

determination of various purchasers' prices in historical and forecasting simulations.

Phantom taxes have also been introduced into ¡eo¡Rll--p for the same purpose. However

the modelling of these taxes in the two models is quite different. In tr¿oNesu, explicit

account is not taken of who is the final recipient of the phantom taxes. Furthermore,

phantom taxes only accumulate in the MoNASH database within any given simulation

period - at the beginning of each simulation year, the phantom taxes which accrued in the

previous period are added back to the basic flow data, with balancing adjustments then

being made to the other cost matrices. In rBoerlL-n, the more intuitively plausible

approach is taken of treating phantom tax receipts as windfall prohts. These are retained in

the database, and distributed to capital owners on the basis of their shares in the capital in

the industries producing the goods upon which the phantom taxes accrue.

The tracking of regional industry capital ownership forms an important role in the

FEDERAL-F theory, a role which does not have a clear analogue in the tr¡oNnss model. Six

types of owner (two households, two regional govemments, the Commonwealth, and

foreigners) are modelled in FEDERAL-F, and the claims of each on the capital and land

rentals of each regional industry are recognised. In year-on-year simulations, a link is
established between changes in the savings behaviour of these agents, and changes in their

ownership shares in regional industry capital rentals. This ensures a consistency in the

modelling of savings and capital ownership over time. It also ensures that in policy

simulations any deviation from the base-case in regional household capital receipts can

only arise from deviations in rental rates and from deviations in capital ownership arising

from deviations in household savings.

Another innovative feature of the FEDERAL-F theory relating to capital ownership is the

account that is kept of ownership claims on capital and land rentals by inter-regional

migrants. Hence, unlike other bottom-up multi-regional models such as reosRAI- and
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MMRF, which also allow for inter-regional migration, households in FEDERAL-r retain their

pre-simuiation capitai ownership ciaims even as they move beween regions. This avoids a

shortcoming of the latter two models, which effectively fix regional capital receipts to a
specific region, and then allow all the residents of that region to share in those receipts.

The modelling of the determinants of inter-regional migration in FEDERaL-r' is more

detailed than that of either FEDERAL or MMRF, with a more plausible basis in assumed

household behaviour. In the latter two models, households are typically assumed to move

between regions in order to either maintain the number of regional unemployed (in the case

of rno¡R¡.r) or equalise unemployment rates (in uuru) in the (long run) solution year. In

FEDERAL-F, inter-regional migration is motivated by changes in the differential between

regional per-capita household incomes (inclusive of net fiscal benefits). The relevant

income measure distinguishes between those components of income that are specific to the

region in which a household resides (such as r,¡/age income, and regional government

transfers) and those that are independent of the region in which a household resides (such

as capital income).

7.2.2Limitations and future work

The ¡¡oeRAI--r model currently does not feature model-consistent expectations for

variables such as expected rates of return or expected post-migration income. This may be

an issue for some simulations that feature large shocks to specific sectors (such as the

microeconornic refonn shocks in Chapter 6) or where the shocks generate significant and

sustained changes in the price level. In the MoNASH model, there is an option for the
:--^^:+:^- ^f f^-.,^-l l^^l-:.^- ^-,-^^+^+:^-^ Å^^-i,+^ +L^ .,^^ ^f ^ -,^^- ^^1.-¿:^-llrlPuùrtrurr UI IUlw.tlu-luuÄrrrË ç^Pçrvt4truuùr uEùPlLtt tllç uùç fJl a ytJi4t-vtt-yç¿1r SUrUtrUrr

method, through an iterative algorithm. In the first iteration, guesses of outcomes for the

year following each of the solution periods (r+1) are made, in order to solve the model for

each of the solution years (r). After completing a sequence of trial solutions, these guesses

are revised, and a new sequence of trial solutions is computed. Dixon and Rimmer (1999a)

report that by using simple rules for revising the model's guesses for outcomes in /*1, they

have encountered little difficulty in obtaining a converged sequence of solutions with only

a few iterations. There would be no practical impediments to the implementation of a

similar technique in the FEDERAL-F model. However, before incurring the associated

developmental and on-going computational costs, it will be worthwhile first investigating
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what difference alternative assumptions about the formation of expectations actually make

to the simulation results for a given scenario. In the first instance, this could be done

relatively simply by simulating the scenario of interest within the national tr¿oNrss model,

and comparing the results under closures imposing altematively static and model-

consistent expectations.

The present FEDERAL-F treatment of non-traditional export demands under the historical

closure, like the MoNASH approach upon which it is based, does not allow changes in

relative cost conditions among industries producing non-traditional export commodities to

be reflected in the commodity composition of aggregate non-traditional exports. In

essence, under an historical closure, both the FEDERAL-F and tr¡oNRsH models operate as if
there is a single aggregate non-traditional export commodity (albeit with a regional

dimension in ¡BtpRnI--r) sold on world markets, with this aggregate being a Leontief

combination of the individual non-traditional export commodities. One future

development would be to recognise this explicitly, and introduce into each region a

production function (i.e. one that allowed substitution possibilities between non-traditional

export commodities) for the aggregate regional non-traditional export commodity. This

would allow changes in the relative prices of the individual non-traditional export

industries to have some impact on the commodity composition of aggregate non-traditional

exports, while still facilitating the dampening of the responsiveness of individual non-

traditional commodity export volumes to changes in their own cost conditions. However

this approach would still suffer from the limitation that the export sales of an industry

producing non-traditional exports could still be affected by the cost conditions of other

non-traditional export frrms, even when its own cost conditions were unchanged. An

alternative approach then might be to investigate the introduction of transformation

functions for each non-traditional industry, with these functions goveming the capacity of
the industry to switch a given output level between production for the domestic market and

production for the export market.

In the historical simulations, certain elements of the government accounts, both on the

revenue and expenditure sides, were determined exogenously, and shocked equal to their

observed values over the period. There is not however a clear and distinct correspondence

between the government accounts categories represented in FEDERAL-F, and those

recognised by the ABS. This required the allocation and apportioning of the ABS data
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among the reoeRal--n categories. None of this was undertaken within the model. This can

be contrasted, for example, with the approach taken with househoid consumption. Here

the ABS consumption categories themselves are determined exogenously, with the

mapping between these categories and those recognised by the CGE core of FEDERAL-F

being internal to the model. A similar approach could be considered in future for the

goverTrment finances. This would have three advantages. First, it would reduce the

possibility of error, since the alternative to undertaking these mappings and allocations

within the model is to do them manually outside of it, using for example spreadsheets.

Second, it would make more transparent the relationship between the ABS and FEDERAL-F

government accounts categories. Finally, in simulations of the model under a structural

closure, it would produce output for the regional and Commonwealth accounts that were in

the same format as the ABS government accounts.

A module that provides an index of labour market adjustment costs similar to that

developed by Dixon and Rimmer (1999c) (the "labour input loss index" or LIL! could be

added to the model. 'When combined with an ORES-style top-down decomposition of
Tasmanian results to the sub-regional level, this would elucidate the regional dimension of
the costs of labour market adjustment, both at the state and sub-state level. The LILI
method assigns a cost to gross labour market movements on the basis of their likely impact

on the amount of time withdrawn from employment. Differing time losses are attributed to

movements between labour force status (employed, unemployed, or not in the labour

force), remaining unemployed, and moving between occupations and regions. These time

losses are valued using national accounts estimates of average annual earnings per

employed person (Dixon, Parmenter and Rimmer 1997). The net adjustment costs of a

poiicy change are then measureci by the difference beween adjustment costs in the 'oase

case compared with adjustment costs in the policy simulation.

One possible limitation of the present treatment of phantom taxes in FEDERAL-F is that they

are distributed to capital owners in proportion to capital ownership shares, but without

being subject to income tax. While not an important limitation in terms of its likely impact

on simulation results, there is no reason why the phantom tax receipts (which it will be

recalled are treated like super-normal profits) should not be subject to some form of
income taxation, and in future development work this could also be considered.
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7.3 DaresASE AND Pen¡vsrER ESTTMATES

7.3.1 Contributions of prornq,L-r

The focus in this thesis has been on the development of the theoretical structure of
FEDERAL-F, the implementation of the resulting model for Tasmania / rest of Australia, and

a number of illustrative applications of the new model. Improvements in database

estimation and model parameterisation as such have not been a chief focus of the research.

In part this was driven by the prior existence of a 1992193 Tasmania / rest of Australia

database for the comparative-static FEDERAL model. The existence of this database

facilitated the establishment of the database for the version of peopReL-r' used here.

However a number of adjustments were made to the existing database, and estimates of
many new coefficients and parameters were also required. The thesis' chief contribution in

the area of database construction then was the writing of a set of computer routines that

generate a database for the FEDERAL-F model using inputs from both the vtoNRsH database

and an existing two-region database in the FEDERAL model format. The procedures in this

computer program are described in Chapter 3. This program will facilitate the task of
developing working versions of nno¡ReL-n for other jurisdictions for which FEDERAL

databases already exist, such as South Australia, New South Wales, Westem Australia, and

Victoria.

7.3.2Limitations and future work

The model currently contains a mixture of lagged and instantaneous responses on the part

of agents to changes in relative prices and endowments. Lagged adjustment mechanisms

are culrently instituted for the movement of actual rates of return to their equilibrium

levels, movements of inter-regional migrants to their equilibrium levels, and the movement

of economy-wide employment in deviation simulations towards its base-case level. In
each case, approximately half of the gap between actual and equilibrium levels for the

variable are closed in each period, implying adjustment periods of between five and six

years. Other parts of the model do not contain lags, such as consumer responses to

changes in relative prices, export demands, primary factor substitution, and substitution on

the part of the various agents between altemative sources of commodity supply. This

raises an issue about the choice of parameters for these parts of the model, since these
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parameters are held fixed in year-on-year simulations of the model. If the parameter

estimates relate to the short-rurr reactions of agents to their changed circumstances, then in

year-on-year simulations of the model over extended periods, the model will underestimate

these reactions. Similarly, if the substitution parameters relate to long-run elasticities, then

the model will tend to over-estimate the reaction of agents to exogenous shocks in any

given sub-period of a simulation over an extended period of time (Longva et al. 1985).

F¡t¡RnI--r is not alone among Australian CGE models in facing this problem - it is shared

with MoNASH, FEDERAL, and MMRF. For the latter two models, the problem is not as

pressing, since the model-user always has the option (albeit an option not often taken up)

of employing alternative substitution parameters for short-run and long-run simulations.

However the problem is more apparent for year-on-year simulations, in which we might

expect the capacity of agents to adjust to changes in relative prices will itself change over

time. Future work on this could focus first on obtaining (from existing literature or

possibly new econometric studies) new parameter estimates, carefully distinguishing long-

run and short-run elasticities. 'Work could then be undertaken on incorporating new

adjustment mechanisms into the model which allowed lagged adjustments towards the

long-run solutions for export demands, consumer demands, and so on. However the effort

required to estimate new parameter values would be significant, and the addition of many

new lagged adjustment mechanisms would add considerably to the complexity of what is

already a very large model. It might be worth experimenting first with such lags in a

miniature FEDERAL-F model. The objective would be to determine such things as which

elasticities exert the most influence on the model solution, and whether using, say, a simple

average of long-run and short-run elasticities (without a lagged adjustment response) yields

results not much different from a model with adjustment lags.

From the historical simulations, it was found that around one half a percentage point per

annum of the gap between the growth rates of the two regions was attributable to shifts in

the preferences of domestic agents away from Tasmanian goods and towards mainland

goods. This was an important finding, since it suggests a number of questions about both

the causes of the relative decline in the size of the Tasmanian economy, and the modelling

methodology that has been employed. Taking the results for these variables at face value,

one would conclude that there were changes in the tastes of households away from

Tasmanian goods and towards equivalent mainland goods, and similarly, changes in
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production technology leading to a shift from Tasmanian goods towards mainland goods.

However, a number of other possibilities should be explored. First, it could be that the

inter-regional sourcing twists are picking up un-modelled changes in stocks of Tasmanian

outputs. Alternatively, the issue might be one of aggregation in the database. That is,

perhaps the Tasmanian commodity aggregates are comprised of a higher proportion

(relative to the Mainland) of those (sub-) commodities experiencing declining national

demand because of either technical or preference changes. If this were the case, then a

finer level of commodity disaggregation would reduce the size of the Tasmanian-specific

twist and technical changes, since they would be reflected in the national level variables

for the same. A more interesting possibility from a regional modelling methodology

perspective is that the parameters reflecting substitution possibilities between regions are

inaccurate. The evaluation of these parameters is notoriously problematic in regional CGE

modelling. An interesting avenue for future research is to examine alternative values for

inter-regional substitution possibilities across commodities. The aim would be to adjust

the values for these parameters such that changes in relative prices and activity levels can

explain a greater proportion of the observed regional output responses, thereby reducing

the need to resort to endogenously calculated inter-regional sourcing twists and source-

specific technical changes. This same approach could be extended to other areas of the

model, in an effort to provide better estimates of the model's parameters. The objective

would be to adjust substitution parameters in directions that minimised the values of
variables such as the import / domestic twist and the labour I capital twist. However one

problem with this approach would be that it is possible that such twists may be picking-up

un-modelled shocks. For example, Dixon, Rimmer and Menon (2000) suggest that the

import / domestic twists may be picking up the effects of the removal of non-tariff barriers.

As suggested above, in reonRRL-p the inter-regional sourcing twists may be reflecting un-

modelled changes in stocks. The possibility that such twists are reflecting either un-

modelled shocks or too aggregated a database would need to be considered before

proceeding with adjustments to substitution parameters to reduce the values of these twists.

The Tasmania / rest of Australia implementation of p¡oERnl-n used in this thesis features

37 industries. This is a relatively high degree of aggregation relative to the MoNASH model

(which features 113 industries and 115 commodities), but a more disaggregated treatment
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than the MMRF model (which usually features 12 sectorsra3). The disaggregation in the

present modei is far greater than that present in the internationai regionai CGE modeis,

which typically feature around 10 sectors on average. There are of course costs and

benefits to be traded off in implementing a more disaggregated model. A more

disaggregated database expands the general-purpose nature of the model, widening the

range of industry-specific shocks that can be modelled in deviation / policy simulations.

Dixon and Parmenter (1994) also note that greater industrial / commodity disaggregation

can greatly expand the utility of the disaggregated forecasts generated by dynamic CGE

models, by more directly meeting the needs of public and private sector users of such

forecasts. These groups are typically interested in forecasts for much more narrowly

defined industries than those present even in a highly disaggregated model, such as one

featuring over 100 industries. There are also some theoretical advantages in a more

disaggregated model. For example, the present treatment in reoERaI--p of uniform

economy-wide tariff rates becomes a more accurate depiction of reality the greater is the

level of commodity disaggregation (Madden 1990). However, further commodity

disaggregation of the agricultural sector of the model in particular would likely require

further theoretical development work on the model, particularly with respect to the

addition of the original FEDERAL model's multi-product industries as discussed in Section

2.4.3. There are however also a number of important disadvantages to increasing the

model's disaggregation. First, it is important to note that with two regions and 37

industries, the model effectively already has 74 industries. The addition of the regional

dimension to the model already increases the effort required to develop and maintain the

model's database. It can also ad<i to the complexity of interpreting results. These costs

must be considered against the beneñts of greater disaggregation. It is easy to over-rate

these benet-its for a bottom-up muiti-regionai mo<iei. Experience with comparative-static

applications of the FEDERAL model has been that users are primarily interested in results for

national, state, and sub-state macroeconomic variables, government finance results, broad

sectoral results, and results for the one or two specific industries that might be directly

affected by the shock in question. In these applications, it is typical for the model-user to

introduce to the model superior information on the industries that are directly affected by

the shock. This is normally done by disaggregating such industries from the existing

industries within which they were initially subsumed in the starting database. Even with a

lo' However Mark Horridge at the Centre of Policy Studies has recently compiled a 50 sector database for
MMRF
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highly disaggregated model, users are still likely to continue to want to disaggregate

fuither the industries directly affected by a shock. Finally, the number of model users

interested in forecasts for highly disaggregated industries and commodities at the state

level is unlikely to be sufficiently high to justify the costs of maintaining highly

disaggregated multi-regional databases. In this environment, it is likely to be difficult to
justiff the costs of developing and maintaining highly disaggregated databases for

FEDERAL-F

7.4 AppTICATIoNS

7.4.1 Contributions of pBtpRtr,-R

Five sets of illustrative applications were conducted for this thesis: an historical and

decomposition simulation, a forecasting simulation, a policy simulation focussing on

productivity improvement in the utilities sector, and two policy simulations focussing on

regional government fiscal policy. The historical and decomposition simulations

represented one of the most sophisticated and detailed analyses undertaken in Australia to

identiff the factors that influence economic performance at the state level, and the relative

contributions of each of the factors so identified to the measured performance of a state

economy. The forecast simulations represent the first use of a bottom-up multi-regional

CGE model to generate forecasts for an Australian state. The national competition policy

simulations attempted to make a number of improvements on previous studies. First, by

examining the observed change in productivity in the utilities sector following the

introduction of NCP, plausible bounds were placed on the productivity impact of NCP.

This can be contrasted with the approach of earlier studies, which set the productivity

consequences of NCP equal to the gap between measures of actual and "best-practice"

productivity. Second, the high level of government ownership in the utilities sector was

explicitly modelled, allowing a better modelling of the fiscal consequences of NCP than

has hitherto been achieved. Finally, the use of the dynamic model then provided a state-

level estimate of the time-paths of the economic impacts from the introduction of NCP.

Two policy studies were undertaken to investigate the efficacy of state govemment fiscal

policy. Both these studies represented an extension into a dynamic framework of earlier

work undertaken with the comparative static FEDERAL model.
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7.4.2 Limitations and future work

The historical / decomposition simulations, which covered a period of six years, were

undertaken using a sequence of year-on-year simulations of the model. For a simulation

period this long, a case might be put for running the model under a single annual-average

run covering the whole simulation period, and in which certain stock variables (such as

capital and regional populations) are determined exogenously in the historical simulation,

and endogenously in the decomposition simulation. This might provide for a better

attribution of the observed economic changes over the period to each exogenous shock

under the decomposition run, since changes in the capital stock (for example) would be

linked directly to the economic shocks that originally induced the change in capital

demand. By way of contrast, economic shocks in any given year of the year-on-year

decomposition simulations generate changes in rates of return and hence investment.

These changes in investment then impact on the capital stock in future periods via the

shocks to the capital accumulation homotopy variables. Hence, the causes of the changes

in the capital stock in the decomposition simulation can be traced only as far as the

momentum implicit in the previous period's data on net investment and initial capital

stocks. The correct answer as to which technique to use depends on the time period of the

analysis. For very long time periods, the better approach is probably to conduct single-step

simulations in which capital stocks ate determined exogenously in the historical

simulation, and can fully adjust to exogenous shocks in the decomposition simulation. For

very short time periods of only, say, a few years, the year-on-year approach, which only

allows gradual adjustment of the capital stock in the decomposition simulations (and

attributes that adjustment to the homotopy shocks) is preferable, since the alternative

would be to overstate the extent of capital adjustment to each exogenous shock. For a

period of six years, which is the length of the historical simulations in this thesis, the

question of which is the better technique is moot. It is worth noting however that six years

is approximately the length of the period imposed on the model, via the setting of the

model's various adjustment parameters, for the (near complete) attainment of long-run

values for aggregate employment, inter-regional migration, and equilibrium rates of retum.

By the end of the historical period 1992193 - 1998199, the economy 'has only had, on

average, three years to adjust to the exogenous shocks to which it was exposed. Recall that

in deviation simulations, the labour market adjustment mechanism returns the economy to

its long-run solution after about five years, while the inter-regional migration theory takes
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about six years to fully adjust. Hence, over the historical period analysed in this thesis, the

economy has on aveÍage only half the time available to fully adjust to an exogenous shock,

relative to the time allowed for by the adjustment parameters operating during deviation

simulations. It could be argued then that there would be some inconsistency in imposing

full adjustment of capital stocks to exogenous shocks spread evenly over a six year period

in the historical simulations, while only allowing near-complete adjustment of the model to

its long-run solution after about six years from the original date of a single shock in a

deviation simulation. Ultimately, for the simulations reported in Chapter 4, there may be

little practical difference between the two approaches. It was found that the largest impact

on investment, particularly for the Mainland, was from exogenous shifts in rate of return

schedules. These are independent of the other shocks to which the economy was subject.

There is perhaps a more important caveat to be advanced with respect to the interpretation

of the historical results than those just outlined. The interpretation of the structural and

policy variables calculated endogenously in the historical simulations should be undertaken

with some caution and care, since not only is it possible that the values attained by these

variables will reflect any shortcomings of the model's data and parameter values, but they

may also be picking up missing theoretical relationships and missing exogenous shocks.

This caveat is relevant regardless of whether the historical period is solved as a sequence

of year-on-year solutions, or as a single average-annual simulation.

V/ith these caveats in mind, the forecasts and historical simulations in Chapters 4 and 5 are

not advanced as being definitive studies, but rather, serious demonstrations of the

capabilities of the model, within the practical constraints of the time available to undertake

these studies. As has been emphasised in a number of places in this thesis, one of the

strengths of the CGE modelling approach is the detail with which changes in the economic

environment can be modelled. Hence, over time, the inputs to both the historical and

forecast simulations should be developed with ever increasing detail, reflecting regional

and industry specific factors, and more detailed policy modelling to provide greater

institutional richness. For the historical simulations, this will also include obtaining better

estimates for the values of those variables that are determined exogenously, particularly

those variables defining industry and commodity level activities. For the forecasts, it will
include more detailed modelling of government policy change, particularly at the regional

level. It will also include giving further thought to the appropriate exogenous shock values
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for those structural variables in the forecasting simulations that are currently shocked equal
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shocks could be refined with more industry-specific detail, particularly for the region of
focus, as the entire set of shocks governing the historical and forecast periods are

continually refined.

In the future, FEDERAL-F can be turned to the analysis of a wide range of issues, and these

issues can be investigated with respect to their impacts on a large number of variables. In

the present thesis, the focus of the discussion has been on impacts on relative regional

growth rates. This was largely motivated by the fact that the relatively slow growth rate of

the Tasmanian economy is one of the more stark of the various stylised facts relating to

Tasmania's relative economic performance. This also makes it a common focal point for

debate - both policy and popular - within Tasmania. From a welfare perspective however,

there are more relevant variables to concentrate upon in future research. One immediate

example would be an examination of the consequences for real consumption per capita of

the various structural and policy shifts uncovered during the historical simulations. This

will leave aside the current inquiry into the relative sizes of the two economies, and focus

directly on the welfare of the individuals living within each. The model is already

relatively well equipped to investigate this, given its attention to the modelling of inter-

regional migration and accounting for household capital ownership. Further work though

could be undertaken on the dynamic properties of the migration function, also informed by

econometric studies of the responsiveness of inter-regional migration to various

expianatory variabies.

The aci<iition oi a LiLi moduie io FEDERAL-F as discussed iü Section 7.2.2 -would aiso

fruitfully expand the range of policy-relevant variables produced by the model. This

module would provide information about the timing, magnitude, and location of job gains

and losses. It would elucidate the net costs of workers having to retrain to change their

employment between industries and occupations, the costs of retrenchments and periods of

unemployment, and the costs of inter-regional migration. Until recently, the proper

assessment of these costs and benefits had been neglected by policy modellers. This was

one of the main critiques by Quiggin of the IC's work on NCP, and remains a limitation of

the NCP simulations undertaken in Chapter 6. The addition of a LILI module to FEDERAL-

¡ would provide a quantitative assessment of these important social and economic costs,
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and thus facilitate the calculation of the net benefits of policy change at the regional level.

It would also, for example, allow the investigation of whether there are firmer economic

grounds for state government macroeconomic policy (relative to the pessimistic conclusion

reached in Chapter 6) when the costs of both the labour market adjustments and the inter-

regional emigration experienced by an ailing regional economy are fully costed.
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