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ABSTRACT

This paper presents the theoretical specification ofMREINASH-
MRF model. MONASH-MRHFs a multiregional multisectoral model of the
Australian economy. Included is a complete documentation of the model's
equations, variables and coefficients. The documentation is designed to
allow the reader to cross-reference the equation system presetiesl in
paper in ordinary algebra, with the computer implementation of the model
in the TABLO language presented in CoR8/hcT Preliminary Working
PaperNo. OP-82.

Keywords: multiregional, regional modelling, CGE, regional and Federal
government finances.

J.E.L.Classification numbers: C68, D58, R10, R13.
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The Theoretical Structure of
MONASH-MRF

1. Acknowledgement and explanation

This document contains a draft version of chapterfrdn the
forthcoming monograph, MONASH-MRF: A Multiregional Multisectoral
Model of the Australian EconomyheMONASH-MRFproject was initiated in
mid 1992 with the sponsorship of thSW and Victorian Statgovernment
Treasuries. The authors thank P. B. Dixon, W. J. Harrison and K. R. Pearson for
their helpful advice.

2.1. Introduction

MMRF divides the Australia economy into eight regiorabnomies
representing the six States and two Territories. Taeréour types of agent in
the model: industries, households, governments and foreigners. In each region,
there are thirteen industrial sectord'he sectors each produce a single
commodity and create a single type oépital. Capital is sector and region
specific. HenceMMRF recognises 104 industrial sectors, H@modities and
104 types of capital. In each region there is a sihglesehold and a regional
government. There is also a Federal government. Finally, émeffereigners,
whose behaviour is summarised by demand curves for regional international
exports and supply curves for regional international imports.

In commonwith the stylised multiregionahodel described in Chapter 1, in
MMRF, regional demands and supplies of commodgiesdetermined through
optimising behaviour of agents in competitive markets. Optimising behaviour
also determines demands for labour and capital. National labour supply can be
determined in one of two ways. Either by demographic factors or by labour
demandNational capital supply can also be determined in two ways. Either it
can be specified exogenously or it can respond to rates of return. Labour and
capital can cross regional borders in response to labour-market and capital-
market conditions.

The specifications of supply and demand behaviour coordinated through
market clearing conditions, comprise thee core of the model. In addition to
the cGe core are blocks of equations describingi) regional and Federal
government finances;(ii) accumulation relations between capital and
investment, population and population growth, foreign debt and the foreign
balance of trade, and; (iii) regional labour market settings.

Computing solutions fanvrF

MMREF is in the JohansemiANI class ofmodeld in that its structural
equationsare written in linear (percentage-change) form and results are

1 For an introduction to the JohansemeNI approach tocce modelling, see Dixon,
Parmenter, Powell and Wilcoxen (DPPW, 1992?Ch. 3.
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deviations from an initial solution. Underlying the linear representatiomefF

is a system of non-linear equations solved uSHEYIPACK. GEMPACK (Ssee
Harrison and Pearson 1994) isuaite of general purpose programs for imple-
menting and solving general and partial equilibrium models. A percentage-
change version afiMRF is specified in therABLO syntax which is similar to
ordinary algebrd. GEMPACK solves the system of nonlinear equations arising
from MMRF by converting it to an Initial Value problem and then using one of
the standard methods, including Euler anidipoint (see, for example, Press,
Flannery, Teukolsky and Vetterling 1986), for solving such problems.

Writing down the equation system &MRF in a linear (percentage-change)
form has advantages from computational and economic standpoints. Linear
systemsare easy for computers to solve. This allows for the specification of
detailed models, consisting of many thousands of equations, without incurring
computational constraints. Further, the sizethef system can be reduced by
using model equations to substitute out theseiables which may be of
secondary importance for any given experiment. In a linear system, it is easy to
rearrange the equations to obtain explicit formulae for those variablesg the
process of substitution is straightforward.

Compared to their levels counterparts, the economic intuition of the
percentage-change versions of many of the model's equations is relatively
transparent. In addition, when interpreting the results of the linear system,
simple share-weighted relationships between variables can be exploited to
perform back-of the-envelope calculations designed to reveal theakese-
effect relationships responsible for the results of a particular experiment.

The potential cost of using a linearised representation is the presence of
linearisation error in the model's resultien the perturbation from thgitial
solution is large. Asnentionedabove,GEMPACK overcomes this problem by a
multistep solution procedure such a Euler or midpoint. The accuracy of a
solution is a positive function of the number of steps applied. Hence, the degree
of desired accuracy can be determined byntloglel user in the choice of the
number of steps in the multistep procedtre.

Notational and computational conventions

In this Chapter we present the percentage-change equatiomsef Each
MMRF equation is linear in the percentage-changes of the muddbbles. We
distinguish between the percentage change in a variable and its levels value by

2 TheTaBLO version ofuMRF is presented in the Appendix to Chapter 3.

3_See Horridc?e, Parmenter and Pearson (1993) for an example based on input demands
givences production technology.

4 See Harrison and Pearson (1994) for an introduction to the solution methods (including
Euler) available insempAck. For details on the Euler method, including the Richardson
extrapolation, see Dixon, Parmenter, Sutton and Vincent (DPSV, 1982) Chs.2RP%/
(1992) Chs. 3, and Horridge, Parmenter and Pearson (1993).
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using lower-case script for percentage change and upper-case script for levels.
Our definition of the percentage change in variable X is therefore written as

X = 10(%\%%

In deriving the percentage-change equations from the nonlinear equations,
we use three rules:

the product rule, X 8YZ O x =y + z, wherg is a constant,
the power rule, X 8YX 0 x =ay, wherea andp are constants, and
the sumrule, X =Y + Z1 Xx =Yy + Zz.

As mentioned above, thevrRF results are reported as percentage deviations in
the model'svariablesfrom an initial solution. With reference to the above
equations, the percentage changes x, y and z represent deviationghdhom
levels values X, Y and Z. The levels valy@s Y and Z)are solutions to the
models underlying levels equations. Using the product-rule equation as an
example, values of 100 for X, 10 for Y and 5 for Z represent an initial solution
for a value of 2 for3. Now assume that we perturb our initial solution by
increasing the values of Y and Z by 3 per cent and 2 per cent respectively, i.e.,
we set y and z at 3 and 2. The linear representation of the product-rule equation
would give a value of x of 5, with the interpretation that the initial value of X
has increased by 5 per cent for a 3 per cent increase in Y and a 2 per cent
increase in Z. Values of 5 for x, 3 for y and 2 for z in the corresponding
percentage change equation means that the levels value of X has been perturbed
from 100 to 105, Y from 10 to 10.3 and Z from 5 to 5.1.

In the above example, the reader will notice that while satisfying the
percentage-change equations, updating the levels values of X, Y and Z by their
percentage changes does not satisfy the levels form of the product-rule equation
i.e., 105# 2 x 10.3x 5.1. Given the percentage changes to Y and Z, the solution
to the nonlinear equation is X = 105.06, givintine@arisation error of 0.06 (i.e.,

0.06 = 105.06 - 105)GEMPACK eliminates the linearisation error by the
application of a multistep procedure which exploits a positive relationship
between the size of the perturbatfoom the initial solution and thsize of the
linearisation error. The principle of the Euler version of the multistep solution
methodcan be illustrated using our above example. Instead of increasing the
values of Y and Z by 3 per cent and 2 per cent, let us break the perturbation into
two steps, first increasing y and z by half the desired amientl.5 percent

and 1.0 per cent respectively. Solving the linear equation gives a value for x of
2.5 per cent. Updating the value of X by 2.5 per cent gives an intermediate value
of X of 102.5 [i.e., 100x (1 + 2.5/100)].Now apply the remainder of our
desired perturbation to Y and Z. The percentage increase iny is 1.4%&hper
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(i.e., 100x 0.15/10.15) and the percentage change in z is 0.9901 per(icent
100 x 0.05/5.05) giving a value for x (in our second step) of 2.4679 per cent.
Updating our intermediate value of X by 2.4679 per cent, gives a final value of
X of 105.045which is close to the solution of the nonlinear equatict0&f06.

We can further improve the accuracy of our solution by implementing more
steps and by applying an extrapolation procedure.

In the percentage-change form of the power-rule equation, a comstant
appears as a coefficient. In the percentage-change form of the sum-rule equation,
the levels values of the variables appear as coefficients. By dividing by X, this
last equation can be rewritten so that x is a share-weighted average of y and z.
Therearetwo main types of coefficients in the linear equation systenveir:

(i) price elasticities and (ii) shares of levels values of varialilem price
elasticity coefficients appear MvRF: elasticities of substitution and own-price
elasticities® In the MMRF equation system, elasticities of substitution are
identified by the Greek symbab, and own-price elasticities aidentified by

the prefixELAST. Equations with share coefficierase typically written in the

form of the sum-rule equation above. Coefficients associated with shares are
levels values and therefore are written in upper-case script.

The percentage-change equation systemMsF is given inTable 2.1. The
equations of Table 2.1 are presented in standard algebraic syntax. Each equation
has an identifier beginning with the prefix . Using the equation identifiers, the
reader can cross reference the equations in Tableiththe equations of the
annotatedrasLo file in the Appendix to Chapter 3. In Table 2.1, below the
identifier in brackets, the section in which the equation appears in the annotated
TABLO file is listed. The annotatethsLo file of Chapter 3 is a reproduction of
the computer implementation @iRF. The model'variables are listed in Table
2.2. Descriptions of the model's coefficients appear in Table 2.3, and Table 2.4
describes the sets used in the model.

The remainder of this Chapter is devoted to the exposition ofitire
equation system beginning, in section 2.2, with the equations ottheore.

5 Note that in our first step we have also updated the values of Y and Z, e.qg., after the first
step, our updated value of Y is 10.15 =1(5/100.

6 For example, if, in thedpower-rule equation, X is quantity demanded and Y is the price of
X, a could be interpreted as a (constant) own-price elasticity of demand.
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2.2. ThecGEe core’

The CcGE core is based 0DRANI, a single-regiormodel of Australia
(Dixon, Parmenter, Sutton and Vincent 1982). Each regeswmiomy inMMRF
looks like anoraNI model. However, unlike the single-regiamAaNi model,
MMRF includes interregional linkages. The transformationrNI into theCGE
core ofMMREF, in principle, follows the steps by which the stylised single-region
model of Chapter 1 was transformed into the stylised multiregional model.

A schematic representation of thee core

Figure 2.1 is a schematic representation ofdhEe core's input-output
database. It reveals the basic structure oEtteecore. The columns identify the
following agents:

(1) domestic producers divided into J industries in Q regions;

(2) investors divided into J industries in Q regions;

(3) a single representative household for each of the Q regions;

(4) an aggregate foreign purchaser of exports;

(5) an other demand category corresponding to Q regional governments; and

(6) another demand category corresponding to Fedgrarnment demands in
the Q regions.

The rows show the structure of the purchases made by each of the
agents identified in the columns. Each of tleerimoditytypes identified in the
modelcan be obtained within the region, form other regions or impdrntead
overseas. The source-specific commoditiesused by industries as inputs to
current production and capital formatioare consumed by households and
governments andreexported. Only domestically produced goods appear in the
export column. R of the domestically produced goads used as margin
services (domestic trade and transport & communication) varehequired to
transfercommodities fromtheir sources to their user€ommodity taxes are
payable on the purchases. As well as intermediate inputs, current production
requires inputs of three categories of primary factors: labour (divided into M
occupations), fixed capital and agricultural land. The other costs category covers
various miscellaneous industry expenses. Each cell in the input-output table
contains the name of the corresponding matrix of the valussiiebase year)
of flows of commodities, indirect taxes or primary factors tgr@up ofusers.

For example, MAR2 is a 5-dimensioraarayshowing the cost of the R margins
services on the flows of | goods, both domestically and impd$¢dto |
investors in Q regions.

Figure 2.1 is suggestive of the theoretical structure required aficthe
core. The theoretical structure includes: demegqualtions are required for our

7 Section 2.2. draws on Horridge, Parmenter and Pearson (1993).
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ABSORPTION MATRIX
1 2 3 4 5 6
Regional | Federal
Producers Investors| Househgld  Export
Govt. Govt.
Size| « XQ 5| « XQ -5 |« Q 5| 1 5]« Q5| <« Qo
. 1
Basic
I1xS BAS1 BAS2 BAS3 BAS4 BAS5 BAS6
Flows
!
1
Marging IxSxR| MAR1 MAR2 MAR3 MAR4 MARS5 MARG6
!
1
Taxes| xS TAX1 TAX2 TAX3 TAX4 TAX5 TAX6
!
1 .
| = Number of Commodities
Labour| M LABR
1 J = Number of Industries
1
. M = Number of Occupation Types
Capital| 1 CPTL
1 Q = Number of Domestic Regions
R = Number of Commodities used as Margins
N
S = 9: 8x Domestic Regions plusx Foreign Import
Land 1 LAND
!
1
Other
1 OCTS
Costs .

Figure 2.1. TheGE core input-output database

six users; equationdetermining commodit@gnd factor prices; market clearing
equations; definitions otommodity tax rates. Incommon with ORANI, the
equations ofMMRF's CGE core can be grouped according to the following
classification:

« producer's demands for produced inputs and primary factors;
« demands for inputs to capital creation;

* household demands;

« export demands;
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« government demands;

« demands for margins;

« zero pure profits in production and distribution;

« market-clearing conditions for commodities and primary factors; and
« indirect taxes;

* Regional and national macroeconomic variables and price indices.

Naming system for variables of thee core

In addition to the notational conventions described above in s&cfipn
the following conventionare followed (as far as possible) imamingvariables
of the cGE core. Names consist of a prefix, a main user number and a source
dimension. The prefixes are:

a = technological change/change in preferences;

del = ordinary (rather than percentage) change;

f = shift variable;

nat = a national aggregate of the corresponding regional variable;

p = prices;

X < guantity demanded;

Xi = price deflator;

y = investment;

Z = quantity supplied.
The main user numbers are:

1 < firms, current production;

2 = firms, capital creation;

3 < households;

4 - foreign exports;

5 < regional government;

6 = Federal government
The number O is also used to denote basic prices and values. The source
dimensions are:

a = all sources, i.e., 8 regional sources and foreign;

r = regional sources only;

t = two sources, i.e., a domestic composite source and foreign;

¢ = domestic composite source only;

0 = domestic/foreign composite source only.
The following are examples of the above notational conventions:

pla = price of commodities (p), from all nine sources (a) to be used
by firms in current production (1);

x2¢ = demand for domestic composite (c) commodities (x) to be used

by firms for capital creation.

Variable names may also include an (optional) suffix descriptor. These are:

cap < capital;
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imp < imports;

lab = labour;

land = agricultural land;

lux = linear expenditure system (supernumerary part);

marg < margins;

oct = other cost tickets;

prim = all primary factors (land, labour or capital);

sub = linear expenditure system (subsistence part);
Sections 2.2.1 to 2.2.14 outline the structure ofthecore.

2.2.1. Production: demand for inputs to the production process

MMRF recognises two broad categories of inputs: intermediate inputs
and primary factors. Firms in each regional seaterassumed to choose the
mix of inputs which minimises the costs of production for their level of output.
Theyareconstrained in their choice of inputs by a three-level nested production
technology (Figure 2.2). At the first level, the intermediate-input bundles and the
primary-factor bundlesire used in fixed proportions to output. These bundles
are formed at the second level. Intermediate input bundles constant-
elasticity-of-substitutiondes) combinations of international imported goods and
domestic goods. The primary-factor bundle i<Es combination of labour,
capital and land. At the third level, inputs of domestic g@d$ormed asces
combinations of goods from each of the eight regions, and the input of labour is
formed as aces combination of inputs of labour from eight different
occupational categories. We describe the derivation of the ideotand
functions working upwards from the bottom of the tree in Fi@Quee Webegin
with the intermediate-input branch.

Demands for intermediate inputs

At the bottom of the nest, industry j in region g chooses intermediate

input type i from domestic region s;@Xy) to minimise the costs

8
Y P1AiX1Aisiq ij=1,...,13 g=1,...,8, (2.1)
s=1

of a composite domestic bundle
X1Cijq = CES(X1A1jq---X1A5jq), ij=1,...,13 g=1,...,.8, (2.2)

where the composite domestic bund.C;; ;) is exogenous at this level of the
nest. The notation CES( ) representsss function defined over the set of
variables enclosed in the brackets. Thespecification means that inputs of the
same commodity type produced in different regiarsnot perfect substitutes

for one another. This is an application of the so-call&dnington
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Outputs

Leontief

f upto- - - - - Good 13 Primary Other
Factors Costs

CES

l l
(o) (o) (memsa)  (oomests) (Lana] (Labour) (capial)

CES CES

from from | upto - from Labour Labour upto - Labour
Region 1 Region 2 P Region 8 type 1 type 2 P type 8

KEY

Functional
Form

Inputs or

Outputs

Figure 2.2. Production technology for a regional sectomirmRF
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(1969 1970) specification typically imposed on the use of domestically produced
commodities and foreign-imported commodities in natia@ models such as
ORANI.

By solving the above problem, we generate the industiesiand
equations for domestically produced intermediate inputs to prodécfitne
percentage-change form of these demand equations is given by equations
E_xl1al and E_plcThe interpretation of equatiof_xlal is adollows: the
commodity demand froreach regional source is proportional to demand for the
composite X1¢, and to a price term. The percentage-change form of the price
term is an elasticity of substitutioolC, multiplied by the percentage change in
a price ratio representing the price from the regional source relative to the cost
of the regional composite, i.e., an average price ofctimlemodity across all
regional sources. Lowering of a source-specific price, relative to the average,
induces substitution in favour of that source. The percentage change in the
average price, plg, is given by equation E_plc. In E_plc, the coefficient
S1A)qis the cost share in of the itlommodity fromthe sth regional source in
the jth industry from region g's total cost of thedtimmodity fromall regional
sources. Hence, plgis a cost-weighted Divisia index of individual pridesm
the regional sources.

At the next level of the production nest, firms decide on their demands
for the domestic-composite commodities and the foreign imported commodities
following a pattern similar to the previous nest. Héhne, firm chooses a cost-
minimising mix of the domestic-composite commaodity and the foreign imported
commaodity

I:):I-'Aﬁ,foreign,j,qx:l-'a‘i,foreign,j,q"' Plc';,j,qxj-ci,j,qy i!jzll'--113 qzl,---,& (23)

where the subscript 'foreign’ refers to the foreign import, subject to the
production function

X104 = CES(X1Asoreignjg--X1Gjq) ij=1,..,13 g=1,....8. (2.4)

As with the problem of choosing the domestic-composite, the Armington
assumption is imposed on the domestic-composite and the foreign import by the
CESspecification in equation 2.4.

The solution to the problem specified by equatidrgsand 2.4 yields
the input demand functions for the domestic-composite and the foreign import
represented in their percentage-change forneduations E_x1c, E xl1a2, and
E_plo.The first two equations show, respectively, that temands for the
domestic-composite  commodity(X1C;;,) and for the foreign import

8 For details on the solution of input demands giveresproduction function, and the
linearisation of the resulting levels equation, see Dixon, Bowles and Kendrick (1980),
DPSV (1982), DPPW (1992) and Horridge, Parmenter and Pearson (1993).
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(X1Aiforeignj@ are proportional to demand for the domestic-composite/foreign-
import aggregate (X1Q,) and to a price term. The X1Q@ areexogenous to the
producer's problem at this level of the n€immonwith the previous nest, the
change form of the price term is an elasticity of substitut@q, multiplied by

a price ratio representing the change in the price of the domestic-composite (the
plg,q in equation E_x1c) or of the foreign import (the pl&.;q in equation
E_x1a2) relative tqrice of the domestic-composite/foreign-import aggregate
(the plg,q in equations E_x1c arfl x1a2).The percentage change in the price

of the domestic-composite/foreign-import aggregate, defined in equation E_plo
is again a Divisia index of the individual prices. We now turn our attention to
the primary-factor branch of the input-demand tree of Figure 2.2.

Demands for primary factors
At the lowest-level nest in the primary-factor branch of the production
tree in Figure 2.2producers choose a composition of eight occupation-specific
labour inputs to minimise the costs of a given composite labour aggregate input.
The demand equations for labour of the various occupation gneaterived
from the following optimisation problem for the jth industry in the gth region.
Choose inputs of occupation-specific labour type m, X1LABQIto
minimise total labour cost

8
> P1LABOI, 4 nX1LABOI; g m, j=1,...,13, g=1, .8, (2.5)
m=1
subject to,
EFFLAB;, = CES(X1LABO|4m). j=1,...,13 gq,m=1,...,8, (2.4)

regarding as exogenous to the problem the price paid by the jth regional industry
for the each occupation-specific labour type (P1LAB@I and the regional
industries’ demand for the effective labour input (EFF[/B

The solution to this problem, in percentage-change form, is given by
equations E_xllaboi and E_pllab. Equation E_xllaboi indicates that the
demand forlabour type m is proportional to the demand for the effective
compositelabour demand and to a price term. The price term consists of an
elasticity of substitutionglLAB;, multiplied by the percentage change in a
price ratio representing the wage of occupation m (pilahorelative to the
average wage for labour in industry j of region g (pl)abChanges in the
relative wages of the occupations induce substitution in favour of relatively
cheapening occupations. The percentage change in the average wage is given by
equation E_pllab where the coefficients S1LABQIare value shares of
occupation m in the total wage bill of industry j in region q. Thus, pliaba
Divisia index of the pllabgj,. Summing the percentage changes in occupation-
specific labour demands across occupations, using the S1LABEHares, for
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each industry gives the percentage change in industry labour d¢iaaind ;)
in equation E_labind.

At the next level of the primary-factor branch of the production nest, we
determine the composition of demand for primary factors. Their derivation
follows the sameEs pattern as the previous nests. Here, total primary factor
costs

P1LAB,EFFLAB,, + P1ICAR,CURCAR, + P1LANDN;,
j=1,..,13, q=1,...8,

where P1CAR, and P1LAND, are the unit costs of capital and agricultural
land and CURCAPR and N, areindustry's demands for capital and agricultural
land, are minimised subject to the production function

FFLAB,, CURCAR, N,
1LAB;, = A1CAP, 'AILAND,,
j=1,.,13, q=1,..8,

X1PRIM,q = CE

where X1PRIM, is the industry's overall demand for primary factors. The
above production function allows us to impose factor-specific technological
change via the variables AILAB A1CABR 4 and A1LAND,.

The solution to the problem, in percentage-change form is given by
equations E_efflab, E_curcap, E_n and E_xi_fac. From these equations, we see
that for a given level of technical change, industries' fademands are
proportional to overall factademand(X1PRIM;,) and a relative price term. In
change form, the price term is an elasticity of substitutidi-AG; ;) multiplied
by the percentage change in a price ratio representing the unit cost of the factor
relative to the overall effective cost of primary factor inputs to the jth industry in
region g. Changes in the relative prices of the primary factors induce substitution
in favour of relatively cheapening factors. The percentage change in the average
effective cost (xi_fag), given by equation E_xi_fac, is again a cost-weighted
Divisia index of individual prices and technical changes.

Demands for primary-factor and commodity composites

We have now arrived at the topmost input-demand nest of FigRre
Commodity composites, the primary-factor composite and 'other costs' are
combined using a Leontief production function given by

X1PRIM,; X1OCT,
lia’” ALPRIM; " ALOCT, ;5
ij=1,.13 q=1,.8.

1
Zia= a1, ¥ MIN @(10

In the above production function,s the output of the jth industry in region q,
the Al are Hicks-neutral technical change terms, X1QGifethe industries'
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demands for ‘other cost tickétsind ALOCT,, which are the industry-specific
technological change associated with other cost tickets.

As a consequence of the Leontief specification of the production
function, each of the three categories of inputs identified at the top level of the
nestare demanded in direct proportion tg,Zas indicated in equations E_x1o0,
E_x1prim and E_x1oct.

2.2.2. Demands for investment goods

Capital creators for each regional sector combine inputs to form units of
capital. In choosing these inputs they cost minimise subject to technologies
similar to that in Figure 2.2Figure 2.3 shows the nesting structure for the
production of new units of fixedapital. Capital imssumed to be produced with
inputs of domestically produced and imported commodities. No primary factors
are used directly as inputs to capital formation. The use of primary factors in
capital creation is recognised through inputs of the constructommodity
(service).

The model's investment equaticar® derived from the solutions to the
investor's three-part cost-minimisation problem. At the bottom level, the total
cost of domestic-commodity composites of gog¥2C; ;) is minimised subject
to thecesproduction function

X2Cijq= CES(X2A 1, X2A 80 ij=1,..13 q=1,..8,

where the XAG, ;, arethe demands by the jth industry in the gth region for the
ith commaodity from the sth domestic region for use in the creation of capital.

Similarly, at the second level of the nest, the total cost of the
domestic/foreign-import composit€X20;;,) is minimised subject thecEs
production function

X204 = CES(X2As0reignja-+-X2Gjq)s ij=1,.,13 q=1,...,8,

where the X2Aignjqare demands for the foreign imports.

The equations describing the demand for the source-specific inputs
(E_x2al, E_x2a2, E_x2c, E_p2c and E_pZ20) are similéinetacorresponding
equations describing the demand for intermediate inputs to current production
(i.e., E_x1al, E_x1c, E_plc and E_p20).

At the top level of the nest, the total costcommodity composites is
minimised subject to the Leontief function

9 Demand for other cost tickets includes demand for working capital and production taxes.
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Capital
Good,
Industry j,0

f upto- - - - - A Good 13

Imported Domestic Imported Domestic
Good 1 Good 1 Good 13 Good 13

Functional
Form

Inputs or
Outputs

from from from
E?egion 1] @egion 2] up to l Region 8 l

Figure 2.3. Structure of investment demand

_ X20; o )
Yiq= MlN%ﬁINDME ij=1..13, gq=1,..8. (25)

where the total amount of investment in each industyy) ('8 exogenous to the
cost-minimisation problem and the AZ2INR are technological-change
variables in the use of inputs in capital creation. The resulting demand equations
for the composite inputs to capital creation (E_x20) correspond tdethand
equations for the composite input to current production (i.e., E_x10).
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Determination of the number of units of capital to be formed for each
regional industry (i.e., determination of, Y depends on the nature of the
experiment being undertaken. For comparative-static experiments, a distinction
is drawn between the short run and long run. In short-run experiments (where
the year of interest is one or twears after the shock to the econoncgpital
stocks in regional industries and national aggregate invesamneakogenously
determined. Aggregate investment is distributed between the regional industries
on the basis of relative rates of return.

In long-run comparative-static experiments (where the year of interest
is five or more years after the shock), it is assumed that the aggregate capital
stock adjusts to preserve an exogenously determined economyatedef
return, and that the allocation of capital across regional industries adjusts to
satisfy exogenously specified relationships between relative rates of return and
relative capital growth. Industries' demands for investment goods is determined
by exogenously specified investment/capital ratios.

MMRF can also be used to perform forecasting experiments. Here,
regional industry demand for investment is determined by an assumption on the
rate of growth of industry capital stock and an accumulation rel&tikimg
capital stock and investment between the forecast year and the year immediately
following the forecast year.

Details ofthe determination of investment aodpital areprovided in
section 2.x. below.

2.2.3. Household demands

Each regional household determines the optimal composition of its
consumption bundle by choosing commodities to maximise a Stone-Geary utility
function subject to a household budget constrainkeynesianconsumption
function determines regional household expenditure as a function of household
disposable income.

Figure 2.4 reveals that the structure of househidchand follows
nearly the same nesting pattern as that of investment demand. The only
difference is thattommodity compositesire aggregated by a Stone-Geary,
rather than a Leontief function, leading to the linear expenditure systejn (

The equations for the two lower nefs x3al, E_x3a2, E_x3c, E_p3c
and E_p3o0) are similar to the corresponding equations for intermediate and
investment demands.

The equations determining the commodity composition of household
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Figure 2.4. Structure of household demand

demand, which is determined by the Stone-Geary nest of the structure, differ
form the cEs pattern established in sections 2.arid 2.2.210 To analyse the
Stone-Geary utility function, it is helpful to divide total consumption of each
commodity composite(X30,,) into two components: a subsistence (or
minimum) part (X3SUR,) and a luxury (or supernumerary) part (X3L{JX

10 For details on the derivation of demands in tthg see Dixon, Bowles and Kendrick
(1980) and Horridge, Parmenter and Pearson (1993).
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X304 = X3SUB + X3LUXq, i=1,.,13, q=1,..8. (2.6

A feature of the Stone-Geary function is that only the luxury
components effect per-household utility (UTILITY), which has the Cobb-
Douglas form
A3LUXiq

13
3 X3LUX; 4 q=1,..8, (2.7)
i=1

UTILITY o= m

where

13
>A3LUX ;=1 g=1,...8.

i=1

Because the Cobb-Douglas form givése to exogenous budgethares for
spending on luxuries

P3QX3LUX;, = ASLUX;LUXEXP, i=1,.,13 q=1,....8, (2.8)

A3LUX;, may beinterpreted as the marginal budget share of total spending on
luxuries (LUXEXR). Rearranging equatio(®.8), substituting into equation
(2.6) and linearising gives equation E_x30, where the subsistameponent is
proportional to the number of households and to a taste-change variable
(a3suby), and ALPHA ], is the share of supernumerary expenditure on
commodity i intotal expenditure ortcommodity i. Equation E_utility is the
percentage-change form of the utility function (2.7).

Equations E_a3sub and E_a3lux provide default settings for the taste-
changevariables (a3syp and a3lux,), which allow for the average budget
shares to be shocked, via th&com,, in a way that preserves the pattern of
expenditure elasticities.

The equations just described determine the composition of regional
household demands, but do not determine total regional consumption. As
mentioned,total household consumption is determined by regitwakehold
disposable income. The determination of regional household dispasedriee
and regional total household consumption is described in section 2.xx.

2.2.4. Foreign export demands

To model export demands, commoditiesvimrF are divided into two
groups: the traditional exports, agriculture and mining, which comprise the bulk
of exports; and the remaining, non-traditional exports. Exports account for
relatively large shares in total sales of agriculture and mining, but for relatively
small shares in total sales for non-traditional-export commodities.

The traditional-export commodities (X4R;, ilagricult,mining) are
modelled as facing downwardly-sloping foreign-export demand functions
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P4R EXP_ELAST
X4R;s = FEQ ERNATSFEPE i=1,2, s=1,.,13, (2.9)

where EXP_ELAST is the (constant) own-price elasticity of foreign-export
demand. As EXP_ELASTis negative, equation (2.9) says that traditional
exports are a negative function of their prices on world markets; JP4Re
variables FEQand FEP allow for horizontal (quantity) and vertical (price)
shifts in the demand schedules. The variable NATFEP allows fecamomy-

wide vertical shift in the demand schedules. The percentage-change form of
(2.9) is given by E_xA4r.

In MMRF the commodity composition ofggregate non-traditional
exports is exogenised by treating non-traditional exports as a Leontief aggregate
(equation E_nt_x4r). Total demand is related to the average price via a constant-
elasticity demand curve, similar to those for traditional exports (see equations
E_aggnt x4r and E_aggnt_p4r).

2.2.5. Government consumption demands

EquationsE_x5aand E_x6adetermine State government and Federal
government demandgespectively) for commodities for curreabnsumption.
Stategovernment consumptiazan be modelled to preserve a constant weitio
State private consumption expenditure by exogenising'ffevariables in
equationE_x5a.Likewise, Federal government consumption expenditure can be
set to preserve a constant ratio with national private consumption expenditure by
exogenising the 'f6' variables in equation E_x6a.

2.2.6. Demands for margins

Equations E_x1marg, E_x2marg, E_x3marg, E_x4marg, E_x5marg
and E_x6marg give the demands, of our six users, for margins. Two margin
commoditiesare recognised irMMRF: transport & communication and finance.
These commodities, in addition to being consumed directly by the users (e.g.,
consumption ofransport when taking holidays commuting towork), are also
consumed tdacilitate trade (e.g., the use of transport to sleimmodities from
point of production to point of consumption). Tlater type of demand for
transport & communication and finanaesthe so-called demands for margins.
The margin demand equationsMiMRF indicate that the demands for margins
are proportional to with thecommodity flows with which the margins are
associated.

2.2.7. Prices

As is typical oforANI-style models, the price system underlyimgrr
is based on two assumptions: (i) that theme nopure profits in the production
or distribution of commodities, and (i) that the price received by the producer is
uniform across all customers.
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Also in the tradition oforaNI is presence of two types of price
equations: (i) zero pure profits in current production, capital creation and
importing and(ii) zero pure profits in the distribution of commodities to users.
Zero pure profits in current production, capital creation and importing is
imposed by setting unit prices received by producers of commogigesthe
commodities’ basic values) equal to unit costs. Zero pure profits in the
distribution of commodities is imposed by setting the prices paid by users equal
to the commodities’ basic value plus commodity taxes and the cost of margins.

Zero pure profits in production, capital creation and importing

Equations E_pOa anB_a impose the zero pure profits condition in
current production. Given the constant returns to scale witiehacterise the
model’s production technology, equation E_pOa defines the percentage change in
the price received per unit of output by industry j of region q (pOa&s a cost-
weighted average of the percentage changes in effective input prices. The
percentage changes in the effective input prices reprédetite percentage
change in the cost per unit of input &iijl the percentage change in the use of
the input per unit of outpui.e., the percentage change in the technology
variable). These cost-share-weighted averages define percentage changes in
average costs. Setting output prices equal to average toptses the
competitive zero pure profits condition.

Equation E_pi imposes zero pure profits in capital creation. E_pi
determines the percentage change in the price of new units of capjtal&gi
the percentage change in the effective average cost of producing the unit.

Zero pure profits in imports of foreign-produced commodities is
imposed byEquation E_pOab. The price received by the importer for the ith
commodity (POA treigr) IS given as product of the foreign price of the import
(PM)), the exchange rate (NATPHind one plus the rate of tariff (the so-called
power of the tariff.: POWTAXN)1L

Zero pure profits in distribution

The remaining zero-pure-profits equations relate the price paid by
purchasers to the producer's price, the cost of marginsoamaioditytaxes. Six
users arerecognised inMMRF and zero pure profits in the distribution of
commaodities to theisers isimposed by theequations E_pla, E_p2a, E_p3a,
E_p4r, E_pb5a and E_p6a.

2.2.8. Market-clearing equations for commodities

Equations E_mkt_clear_margins, E_mkt_clear_nonmarg and E_x0impa
impose the condition thatemandequals supply for domestically-produced
margin and nonmargin commodities and imported commaodities respectively. The

11|t the tariff rate is 20 percent, the power of tariff is 1.20. If the tariff rate is increased
from 20 pecent to 25 percent, the percentage changéerpower of the tariff is 4j.e.,
100*(1.25-1.20)/1.20 = 4.
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output of regional industries producing margin commodities, ragsil the
direct demands by the model's six users and their demands tmmtiheodity as
a margin. Note that the specification of equation E_mkt_clear_margins imposes
the assumption that margiase produced in the destination region, with the
exception that margins on exports and commodities sold to the Federal
government are produced in the source region.

The outputs of the nonmargin regional industries are equal to the direct
demands of the modekix usersimport suppliesare equal tdhe demands of
the users excluding foreigners, i.e., all expantgolve some domestic value
added.

2.2.9. Indirect taxes

Equations E_deltax1 to E_deltax6 contain the default rules for setting
sales-tax rates for producers (E_deltaxl), investors (E_deltag@¥eholds
(E_deltax3), exports (E_deltaxdnd governmentE_deltax5 and E_deltax6).
Sales taxes are treated as ad valorem on the price received by the producer, with
the sales-tax variables (deltax(i), i=1,...,6¢ing the ordinary change in the
percentage tax rate, i.ghe percentage-point change in tiaex rate.Thus a
value of deltaxl of 20 means the percentegerate oncommodities used as
inputs to current production increased from, say, 20 percent to 40 percent, or
from, say, 24 to 44 percent.

For each user, the sales-tax equations allow for variations in tax rates
across commaodities, their sources and their destinations.

Equations E_taxrevl to E_taxreeémpute the percentage changes in
regional aggregate revenue raised from indit@ats.The bases for the regional
sales taxes are the regional basic valudeeotorresponding commoditipws.
Hence, for anycomponent ofales tax, we can express revenue (TAXREV), in
levels, as the product of the base (BAS) and the tax rate (T), i.e.,

TAXREV = BASXT.
Hence,
ATAXREV = TABAS + BASAT (2.10)

The basic value of theommoditycan be written as the product the producer's
price (P0) and the output (XA)

BAS = POXA. (2.11)

Using equation(2.11), we canderive the form of equations E_taxrevl to
E_taxrev6 by taking the percentage change of the first two ter(@slip) and
the ordinary change in the last term of (2.10) multiplied by 100
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TAXREV xtaxrev = TAXx(p0 + xa) + BAZdeltax

where
¢ —10 TAXREV%
axrev = (%%AXREV

TAX = BASXT

= 1088551
PO = 10055
XA

Xxa= 10(%% A @

and

deltax = 108AT

2.2.10. Regional incomes and expenditures

In this section, we outline the derivation of the income and expenditure
components of regional gross product. We begin with the nonriname
components.

Income-side aggregates of regional gross product

The income-side components of regional gross product include regional
totals of factor payments, other costs and the total fiield commoditytaxes.
Nominal regional factor income paymerdse given in equations E_caprev,
E_labrev and E_Indrev for payments to capital, labour and agricultural land,
respectively. The regional nominal payments to other enstiiven in equation
E_octrev.

The derivation of the factor inmeand other cost regional aggregates
are straightforward. Equation E_caprev, for example is derived as follows. The
total value of payments to capital in region q (AGG@AR the sum of the
payments of the j industries in region q (CAPITHL where the industry
paymentsare aproduct of the unit rental value of capital (P1GARand the
number of units of capital employed (CURGAP

13
AGGCAP, = Y P1CAR,CURCAR,, q=1,..8 (2.12)

=1



22 MONASH-MRF: A multiregional model of Australia

Equation (2.12) can be written in percentage changes as

13
caprey= (1.0/AGGCAR) Y CAPITAL, 4(plcap, + curcap,),
=1
q=1,..,8,

giving equation E_caprev, where the variable capiethe percentage change
in rentals to capital in region g and has the definition,

GGCAP,
caprey, = 10 GGCAP, % g=1,.8.

The regional tax-revenue aggregates are given by equations E_taxind,
E taxrev6 and E_taxrevm. E_taxrev6 has been discussed in section 2.2.9.
E_taxind determines the variable taxjnahich is the weighted average of the
percentage change in the commodity-tax revenue réisedthe purchases of
producers, investors, households, foreign exports and the regional government.
Equation E_taxrevm determines tariff revenue on imports absorbed in region q
(taxremy). Equation E_taxrevm is similar iform to equations E_taxrevl to
E_taxrev6 discussed in section 2.2.9. However, tdlxerateterm in equation
E_taxrevmpowtaxm, refers to the percentage change in the power of the tariff
(seefootnote 2)rather than the percentage-point change inakeate (as is the
tax-rate term in the commodity-tax equations of section 2.2.9).

Expenditure-side aggregates of regional gross product

For each regionMMRF contains equations determining aggregate
expenditure by households, investors, regional government, the Federal
government and the interregional and foreign trade balances. For each
expenditure component (with the exception of the interregional trade flows), we
define a quantity index and a price index and a nominal value of the aggregate.
For interregional exports and imports, we define an aggregate price index and
quantity index only.

As with the income-side components, each expenditurezsidgonent
is a definition. As withall definitions within the model, the definedriable and
its associated equation could be deleted without affecting the rest robttes.
The exception is regional household consumption expenditure (see equations
E_c_a, E_candE_xi3). It may seenthat the variable cis determined by the
equation E_c_a. This is not the case. Nominalisehold consumption is
determined either by a consumption functisee equation E_c_b in section
XxX) or, say, by a constraint on the regional trade balance. Equation E_c_a
therefore plays the role of a budget constraint on household expenditure.

The equations defining the remaining aggregate regiaeal
expenditures, nominal expenditures and related price indiedisted below in
the order: investment, regional government, Federal government, interregional
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exports, interregional imports, international exports and international imports.
The equations defining quantities are E_ir, E_othreal5, E_othreal6, E_int_exp,
E_int_imp, E_expvol and E_impvol. The equations describing price indices are
E_xi2, E_xi5, E_xi6, E_psexft_psimp,E_xi4 and E_xim. The definitions of
nominal valuesregiven by equations E_in, E_othnom5, E_othnom6, E_export
and E_imp (remembering that the model does not include explicit equations or
variables defining aggregate nominal interregional trade flows).

The derivation of the quantity and price aggregates for the interregional
trade flows involves an intermediate step represented by equations E_trd and
E_psflo. These equations determine inter- and intra- regioom@inal trade
flows in basic value¥? To determine the interregional trade flows, say for
interregional exports in E_int_exp, the intraregional trade flow (the se¢eond
on therHs of E_int_exp) igdeducted from the total of inter- aimdra- regional
trade flows (the first term on timeis of E_int_exp).

2.2.11. Regional wages

The equations in this section have been designed to provide flexibility
in the setting of regional wages. Equation E_pllaboi separates the percentage
change in the wage paid by industry (pllahgi into the percentage change in
the wage received by the worker (pwageand the percentage change in the
power of the payroltax (arpjy). Equation E_pwagei allows for the indexing of
the workers' wages to the national consumer price index (natxi3, see section
xxx). The 'fwage' variables in E_pwagei allow for deviations in the growth of
wages relative to the growth of the national consumer price index.

Equation E_wage_diff allows flexibility in settingnovements in
regional wage differentials. The percentage change in the wage differential in
region q (wag_diff) is defined as the difference the aggregate regicesl
wage received by workers (pwgge natxi3) and the aggregate reahge
received by workers across all regions (natrealwage). Equation E_pwage
defines the percentage change in the aggregate regional nominal wage)(pwage
as the average (weighted across industries) of the pyamed equation
E_natrealw defines the percentage change in the variable natrealwage.

2.2.12. Other regional factor-market definitions

The equations in this section define aggregate regional quantities and
prices in the labour and capital markets.

Equations E_I, E_kt and E_z tot define aggregate regional
employment, capital use and value added respectively. E_lambda defines
regional employment of each of the eight occupational skill groups.

12 The determination in basic values reflects the conventianizr that all margins and
commodity taxes are paid in the region which absorbs the commaodity.
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The remaining equations of this section define aggregate regional prices
of labour and capital.

2.2.13. Other miscellaneous regional equations

Equation E_ploct allows for the indexation of the unit price of other
costs to be indexed to the national consumer price index. The vdfiablg
can be interpreted as the percentage change in the real price of other costs to
industry j in region q.

Equation E_cr_shr allows for the indexing of regioredl household
consumption withnational realhousehold consumption in the case where the
percentage change in the regional-to-national consumpéioable, cr_shris
exogenous and set to zero. Otherwise, cj_shrendogenous and regional
consumption is determined elsewhere in the mddal, by the regional
consumption function).

Equation E_ximp0 defines the regional duty-paid imports price index.
Equation E_totdom and E_totfor define, for each region, the interregional and
international terms of trade respectively.

2.2.14. National aggregates

The final set of equations in th&sE core of MMRF define economy-
wide variables as aggregates of regional variablesvd&r is a bottoms-up
regional model, all behavioural relationshare specified at the regional level.
Hence, national variables are simply add-ups of their regional counterparts.

2.3. Government finances

In this block of equations, we determine the budget deficit of regional
and federal governments, aggregate regional household consumptiGnossd
State Products (GSP). Teompute the governmerdeficits, we prepare a
summary offinancial transactionssfr1) which contain government income
from various sources and expenditure on different accounts. To determine each
region's aggregate household consumption, we commgienal household
disposable income and define a regional consumption function. The value added
in each region is determined within tkee core of the model. Within the
government finance bloclare equations which split the regions' value added
between private and public income. In this disaggregation process, the GSPs are
alsocomputed from the income and expenditure sides. The government finance
equations are presented in five groups:

(i) value added disaggregation;

(i) gross regional product;

(iii) miscellaneous equations.

(iv) summary of financial transactions;

(v) household income.
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Figure 2.5 illustrates the interlinkages between the djgeernment
finance equation blocks and their links with tleee core and regional
population and labour market equation blockvefRF. The activity variables
and commodity taxes are determined inabe core.

From Figure 2.5, we see that all the equation blockgogérnment
finances have backward links to thee core. The disaggregation-of-value-
added block takes expenditures by firms on factors of production frooGthe
core and disaggregates them into gross returns to factors and protaxgen
Regional value added is used in the determination of the income side of gross
regional product, hence the link from the value-added block to the gross-
regional-product block in Figur2.5. Productiontax revenue also appears as a
source of government income in tBerFT accounts block, which explains the
link between value-added asdFT in Figure 2.5. Factoincomes help explain
household disposable income and this is recognised by the link between the
value-added block and the household-disposable-income block in Figure 2.5.

The miscellaneous block in Figure 2.5 contains intermediary equations
between the gross-regional-product block andstber accounts, and between
the household-disposable-income block andctsecore. Theraretwo types of
equations in the miscellaneous blogkl aggregating equations th&brm
national macroeconomic aggregates of the expenditure and income sides of GDP
by summinghe corresponding regional macroeconow@dablesdetermined in
the gross-regional-product block an@i) mapping equations that rename
variablescomputed in the gross-regional-product block andctiecore for use
in thesoFTaccounts.

The soOFT accounts compute the regional and Federal governments'
budgets. On the income sidge governmenttax revenues, grantfom the
Federal government to the regional governments, interest payments and other
miscellaneous revenues. Direct taxes esrdmoditytaxescome fronthe gross-
regional-product block via the miscellaneous block as described above.
Productiontaxescome fromthe value-added block. On the expenditure side of
the government budgetse purchases of goods and services, transfer payments,
interest payments on debt, and for the Federal government, payments of grants to
the regional governments. The purchases of goods and serioesfrom the
CGE core via the miscellaneous block. Transfer paymeotse from the
household-disposable-income block.



26 MONASH-MRF: A multiregional model of Australia

CGE
Core

Regional Pop.
& Labour Market

Value ~ Gross ~u| Miscellaneoud  ~ SOFT - Household
Added Regional Equations | | Accounts [~ | Disposable
Product Income

\

KEY

' _ _'Government finance block of equations.
I:] The five equation groupings within the government finance block.

D Other equation blocks that link with government finances.
—> Direction of link between equation groupings, and other equation blocks.

Figure 2.5. Government finance block of equations

Finally, we come to the household-disposable-income block. Within this
block, household disposable income is determined as the difference between the
sum of factor incomes and transfer payments, @&wbme taxes. Figure 2.5
shows that factorincomes come from the value-added block and that
unemploymentbenefits are determined using information from the regional
population and labour market block. Household disposable incomeliaekiso
the miscellaneous block, which contains an equation specifying the level of
regional household consumption as a function of regional household disposable
income. The value of regional household consumption, in turn, feeds back to the
CGE core. Also, the value of transfer payments, determined in the household-
disposable-income block, feedback to saeTaccounts.

A notation for the government finance block

Following the style of thecGE core, all variablenamesare inlower
case. However, the coefficient naming system is differentadable name in
upper case with a prefix of "C_" defines the coefficient associated with the
variable. For example, the variable 'hhldy000Q' represents the percentage change
in household disposable income. Its associated coefficiel@ iHLDYO0O'
which represents the level of household disposable income.



Theoretical structure of MONASH-MRF 27

We have given specific notation to variables of each of the blocks
which form the government finance set of equations. The following are the major
array names for variables and coefficients:

i z_*r (a value-added component in gross regional
production).

(i) dompy*** (domestic regional production, an income
component);

(iif) dompg** (domestic regional production, an expenditure
component);

(iv) softy***  (summary of financial transaction, an income
component);

(v) softg™* (summary of financial transaction, an expenditure
component) and;

(vi) hhldy***  (a household income component).

In each array name "***' represents three or two digits component numbers.

In the following sections we discuss the various blocks which constitute
the government finance equationsveiRF beginning with the disaggregation of
value added.

2.3.1. Disaggregation of value added

Figure 2.6 shows that the essential purpose of the disaggregation-of-
value-added block is to disaggregate the four elements of value added
determined ircGe core (i.e., the wage bill, the rental cost of capital and land,
and other costs) into ten componentgider to separate productitexesfrom
payments to factors. In addition, the block prepares national values as
aggregates of regional values. We now turn to the details of the value-added
equation block as presented in section 2.3 of Table 2.1.

In equation€E_z01_randE_z02_r, weassume that the wages, salaries
and supplements and the imputed wage bill vary in direction proportion to the
pre-tax wage bill, which is determined in tbee core. Equatioe_z03_rshows
that payroll taxes ardetermined by the pre-tax wage bill and the payroll tax
rate. Equations E_z04andE_z05_ rshow that the return to fixed capital and
property taxes arassumed to vary in proportion to the rental cost of capital,
which is determined in theGe core. Returns to agricultural land and land taxes
are determined by equatioris_z06 rand E_z07_rrespectively and vary in
proportion to the total rental cost of land. Returns to working capital, other
indirect taxes and sales by final buyers areassiumed to vary in proportion to
other costs. The relevant equatioaee E_z08 r, E_z09 and E_z010 r
respectively.

The values of the ten national components of value aaidetie sums
of the corresponding regional components. The national values are calculated in
the 'E_z0** equations from which the '_r' suffix has been omitted.



28 MONASH-MRF: A multiregional model of Australia

Wages,

—>»|Salaries and
Supplements

Wage Bill

Y

(LABR¥)

Imputed
Wages

Payroll
Taxes

Capital

Returns
to fixed
capital

Rentals

A

Wage
Income

(CPTL*)

Property
Taxes

Returns to
Land

Land
Taxes

Y

Returns
Working
Capital

Other Cost
Tickets
(OCTS*)

Other
Indirect
Taxes

Y

Sales by
Final
Buyers

KEY

* The name in parenthesis indicates the corresponding array name in Figure 2.1.

O Elements from the CGE Core.
[] Elements in the disaggregation-of-value-added block.

Y

Y

GOS

Production
Taxes

Value
Added

Figure 2.6. Components of regional value added



Theoretical structure of MONASH-MRF 29

Equation E_zg_r defines regional gross operating surplos @s the
sum of imputedwages and returns to fixed capital, workicgpital and
agricultural land. Equation E_zt r calculates total regional production tax
revenues.

Equation E_rpr sets the payrtdix rates byndustry and region which
aredetermined by the payrdthx rate for all industries in@gion and a shift in
the industry and region specific payrtak rate. Achange in the payralax rate
drives a wedge between the wagee received by the workers and the cost to
the producer of employing@bour. The change in the cost of employing labour
for a given change in the payrdiix ratedepends on the share of the payroll
taxes in total wages. Equation E_rpri adjusts the patawltate tocompute the
wedge between the wagate and labouemployment costs. The wedge is used
to define the after-tax wage rate in th&e core.

The last equation in the value-added block, E_xisfb2, defines a regional
price index for sales by final buyers.

2.3.2. Gross regional domestic product and its components

This block of equations defines the regional gross products from the
income and expenditure sides usuagiablesfrom thecGe core and the value-
added block.

Figure 2.7 reveals that gross regional product at market fraceshe
income side is sum of wage income, non-wage income and indirect tax revenues.

In section 2.3 of Table 2.1, equations E_dompy100, E_dompy200 and
E_dompy330 show, respectively, that wage income, non-wage income and
production taxes aremapped from the value-added block. In addition to
production taxes, the@etwo other categories of indirect tax: tariiad other
commodity taxes less subsidies. Equations E_dompy330 and E_donsjng820
that these taxes ameapped from theGE core. Total indirect taxes adefined
by E_dompy300 as the sum of the three categories of indirect taxes.

Summingwage and non-wage income, and indireotes gives gross
regional product from the income side (equation E_dompy000).

In addition to the defining the income-side of gross regional product, we
also disaggregate factor incomes into disposéabteme and incomeax.
Disposable income is used in the household-disposable-income block and
income taxes are asource of government revenue in theFT accounts. In
equation E_dompy110, disposable wage income is defined asineagee net
of PAYE taxes. In equation E_dompyl2BAYE taxes areassumed to be
proportional to wage income and thaYE tax rate. Likewise, equation
E_dompy210 defines disposable non-wage income as the difference between
non-wage income and incomeaxes. Equation E_dompy220 sets non-wage
income tax proportional to non-wage income and the non-wage income tax rate.
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Figure2.8 shows that gross regional product from the expenditure side
is defined as the sum of domestic absorption and the interregional and
international trade balances. This definition is reflected in equation
E_dompg000. Domestic absorption is defined in equation E_dompgl00 as the
sum ofprivate and public consumption and investment expenditures. Equations
E_dompgl10 to E_dompqgl50 reveal that the components of domestic absorption
aremapped from theGe core. Within the components of domestic absorption,
the assumption is made, in equations E_dompgl120 and E_dompqgl50, that the
shares of private and government investment in total investarenfixed.
Equations E_dompg210 and E_dompg220 show that regional exports and
imports are alsotaken from thecGe core. The difference between regional
exports and imports forms the regional trade balance and is calculated in
equation E_dompqg200. Similarly the international trade variables for each
region are taken from the cGe core (E_dompqg310 and E_dompg320 for
international exports and imports respectively) awd used to define the
international trade balance for each region in equation E_dompq300.

2.3.3. Miscellaneous equations

The miscellaneous equation block appears in section 2.3.3 of Table 2.1.
In equation E_tircommoditytaxes arenapped from the gross-regional-product
block. The regional values are then summed in equation E_ti to form the national
aggregate otommoditytaxes. Similarly, gross regional produetse mapped
from the gross-regional-product block in equation E_ynr and
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Figure 2.8 Expenditure-side components of gross regional product

then summed, in equation E_yn, to form national nom@@P. In equation
E_xiy_r, a gross-regional-product price deflator from the expenditure side, is
formed using price indices taken from thee core. The resulting price deflator

is used to define real gross regional product in equation E_yr .

Taking a weighted average of the gross regional product price deflators
gives the price deflator for national GDP in equation E_xiy. This deflator is used
to define real national GDP in equation E_yr.

National GDP at factor cost is defined in equation E_yf asuihe of
the regional wage and non-wage incomes. EquaHomstar defines the
percentage-point change in the national balance of trade surplus to national GDP
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ratio. Note that E_bstatefines a percentage-point change in a ratio, rétaer
a percentage change. The underlying levels equation of E_bstar is

8
S DOMPQ30Q
= R
BSTAR ==—5——,

where the upper-case represents the levels values of the corresponding
percentage-point change and percentage change variables. Taking the first

difference of BSTAR and multiplying bi00 gives the percentage-point change
in BSTAR (i.e., the variable bstar on the LHS of E_bstar)

8
> DOMPQ30Qdompg30Q N

& ATB
100xABSTAR = bstar =

YN YN YT

where

8
NATB = 5 DOMPQ30Q.
g=1

Aggregate nationahcometaxes are calculated in equation E_ty. They
are the sum of regionahYE taxes and regional taxes on non-wage incéme-
tax national wagéncome iscalculated in equation E_yl bsummingpre-tax
regional wage incomes. Equation E_wn defines the nominal pre-tax national
wage rate as the ratio of the pre-tax wag®me tonationalemployment. The
nominal post-tax national wagecome iscalculated in equation E_ylstar by
summing the nomingbost-tax regional wage incomes. The nomipasét-tax
national wage rate is defined in equation E_wnstar as the ratio nbthieal
post-tax wagéncome tonationalemployment. Theeal post-tax national wage
rate isdefined inE_wrstar bydeflating the nominal post-tax national wage rate
by the national CPI.

Equations E_g_rA and E_g_rB define the regional government and
Federal government consumption expenditures respectively. The vaGtile
determined in these equations, g_r, drives government consumption expenditures
in thesorTaccounts (see section 2.3.4 below).

Equations E_ip to E_ig_r_fed disaggregate investment expenditure into
private investment expenditure and public investment expenditure. The resulting
values for public investment expenditiaee used to drive governmestpital
expenditures in thesOFT accounts (see section 2.3.4 below). Equation E_ip
imposes the assumption that aggregate private investment expenaiee
proportionally with a weighted average of total (private and public) regional
investment. Aggregate public investment expenditure is then determined as a
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residual in equation E_ig, as the difference between total aggregate total
investment and aggregate private investment. Equation E_ig reg imposes the
assumption that investment expenditure of regional governments moves in
proportion to total regional investment. Equation E_ig r fed determines
investment expenditure of the Federal government as the difference between
total public investment and the sum of regional governments' investment.

The miscellaneous equation block is completed with equéian b
defining the regional household consumption function and equation E_rl relating
the PAYE tax rate to the tax rate on non-wage income.

2.3.4. Summary Of Financial Transactions of the regional and Federal
governments: theoFTaccounts.

In this block of equations, we prepare a statement of financial
transactions containing various sources of government income and expenditure.
A separate statement is prepared for each regional government and the Federal
government.Our accounting system is based on Bate Finance Statistics
(cat. no. 5512.0) of the Australian Bureau of Statisags)(

The SOFT accounts contain equations explainimgpvements in the
income and expenditure sides of the governments' budgets. Our exposition of
this equation blockstarts with the income side of the accounts. Figure 2.9
depicts the income side of tseFT accounts. Theraretwo major categories of
government income(i) revenues andii) financing transactionsGovernment
revenuesare further divided into direct and indire¢ax revenues, interest
payments, Commonwealth grants (for regional governments) and other revenues.
The categories of direct taxes ameometaxes (for the Federal government),
and other direct taxes. Indirect taxes consist of tariffs (for the Federal
government), other commoditiaxes and productiotiaxes. Commonwealth
grants are divided into grants to finanoensumption expenditure and grants
used to finance capital expenditure. Financing transactions capture the change in
the governments' net liabilities and represent the difference begegemment
revenue and government expenditure. If government expenditure exceedsl/is less
than government revengiee., the government budget is in deficit/surplus), then
financing transactions increase/decrease as either the governments' net
borrowings increase and/or other financing transactions increase. Variations in
the latter item principally consist of changes in cash and bank balkhwés.
now turn our attention to the specification of movements in the income-side

13 The reader will note that financing transactions includes a third item, increase in
provisions. This is aery small item in thegovernmentsSOFT accountsand in model
simulations we hold its value fixed at zero change.
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components of theoFTaccounts as presented in section 2.3.4 of Table 2.1.

Equation E_softyl1l shows that Fedemmvernment income tax
collections are mapped from the miscellaneous block based on the corresponding
variable in the gross-regional-product block. Equations E_softyl12A and
E_softyl12B impose the assumption that regional government and Federal
government collections of ‘other direct taxe®ve in proportion to nominal
gross regional product and nominal national GDP respectiVely.sum of the
two above categories of direct taxes for each government is given in equation
E_softy110.

Federalgovernmenttariff revenue is mapped from thece core to
equation E_softy121. Equation E_softy122A shows that regigmarnment
collections of 'othecommoditytaxes' arenapped from the miscellaneous block
based on the corresponding variable in the gross-regional-product block. Federal
government collections of 'other commoditxes' are calculated in equation
E_softyl22B as the difference between total national collection of 'other
commoditytaxes'and thesum ofthe regional governments' collections of 'other
commoditytaxes'.The value of the total national collection of ‘otkemmodity
taxes' ismapped from the miscellaneous block based on the corresponding
variable in the gross-regional-product block.

Equation E_softyl123a shows that the regional governments' collections
of payroll taxes aremapped from the value-added block. In equation
E_softy123b, the assumption is imposed that the Federal government's collection
of fringe benefits moves in proportion with the value-added-block variable 'other
indirect taxes'. Equations E_124, E_125 and E_12BAw that regional
governments' collections of, respectively, property taxes, land taxes and other
indirect taxes, arenapped from their corresponding values in the value-added
block. Equation E_softyl26B tiesiovements inFederal government 'other
indirect taxes' to the weighted averagarafvements in regional governments'
‘other indirect taxes'.

Equation E_softy1l20 calculates movements in the collection of
aggregate indirect taxes in each region as the weighted avemageeafients in
the regional collection of tariffs, otherommodity taxes and the production
taxes.

Interest received by governmeMtsis determined in equation
E_softyl30. We assume that interest received and interest paid by the
government move in proportion with tlséze ofthe economy asmeasured by

14 This item includes gross interest received on bank balances, investment and advances of
the government (seeBS cat. no. 1217.0)
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nominal gross regional product for regional governments, and nominal national
GDP for the Federal governmést.

The next item of government revenue applies only to regional
governments and is Commonwealth grants. Equations E_softy141 and softy142
recognise Commonwealth grants for current expenditure purposes and capital
expenditure purposes respectively. For each type of grant, our default
assumption is that their nominal valwsee proportional to the nominal value of
the region’s gross product. Equations E_softy141 and E_softy142 include shift
variables which allow the default option to be overridden.

The final item of government revenue, 'other revenue', is described in
equation E_softy150 (for regional governments) and equation E_softy150B (for
the Federal government). As with Commonwealth grants, the default option is
that 'other revenue' of regional governments is proportional to nominal gross
regional product and for the Federal government it is proportional to national
nominal GDP. Also in commonwith the 'grants’ equations is the presence of
shifters which allow the default option to be overridden.

Equation E_softyl00 sums the variouemponents of government
revenue to determine total government revenue.

Equation E_softy300 identifies the budget deficit or surplus as the
difference between government expenditure and government revenue. As
mentionedabove, financing transactions consists of three components. Equation
E_softy320 allows a default option which sets the ‘increase in provisions'
component of financing transactions proportional to government expenditure on
goods and services. A shift variable in equation E_softy320 allows the default
option to be overridden. The second component of financing transactions, 'other
financing transactions', is determined by equation E_softy300. The default
setting is that 'other financing transactiamgve inproportion with ‘financing
transactions'. The presence of a shift variable allows the default setting to be
overridden. Government's net borrowing is determined by equation E_softy300
as the difference between ‘financing transactions' andsuhe of the two
components, 'increase in provisions' and 'other financing transactions'.

Figure 2.10 depicts the expenditure-side of therFT accounts. Figure
2.10 shows that regionajovernment expenditure consists of five broad
categories: goods and services, personal benefits, subsidies, iptstasnts
and other outlays. Figure 2.10 also shows that expenditure by the Federal
government includes the same five categoriessommonwith the regional

15 we would prefer to relate thehange in governmeiterest receipts and payments to
changes in the level ambmposition of ?overnmeMebt. At this stage of the adel's
development, we lack a specification of the mechanism by whielyovernments may
target and achieve a particular debt outcome. Our current specification of interest payments
is consequenthad hoc
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governments, plus grants to the regional governments. The composition of the
expenditure side of th@oFT accounts is reflected in equation E_softq@dich
gives the total, for each governments' expenditures.

Government expenditure on goods and services consigtsszefnment
consumption expenditure and investment expenditure (equation E_softq100).
Government consumption expendityegiuation E_softq110) imapped from
the miscellaneous block based on the corresponding nominal government
consumption expenditur@ariable in the cGe core. Likewise, government
investment expenditure (equation E_softq120) is mapped from the miscellaneous
block based on the corresponding nominal government investment expenditure
variable in thecGe core.

Governments' expenditures on personal benefits (equation E_softq200)
are mapped from the household-disposable-income block (see s&8dh
below). Personal benefit paymente divided into 'unemployment benefits' and
‘'other personal benefit paymentsUnemployment benefits (equation
E_softg210) aremapped from the household-disposable-income block. This
leaves 'other personal benefit payments' (equation E_softq220aidmmined
residually as the difference between personal benefit payments and
unemployment benefits.



38 MONASH-MRF: A multiregional model of Australia

Equations E_softq300A and E_softq300B determine payments of
subsidies by regional governments and the Federal government respectively.
These equations impose the assumption that the ratio of the government payment
of subsidies to commodity tax revenues is constant.

Equations E_softq400A and E_softq400A define nominal interest
payments by regional governments and the Federal government respectively. As
described above, we assume that interest paid bydliernment moves in
proportion with nominal gross regional product for regional governments, and
nominal national GDP for the Federal government.

Expenditure by the Federgjovernment on grants to the regions
(equation E_softg500) consists of grants for the purposesom$umption
expenditure (equation E_softq510) and capital expenditure (equation
E_softq520).

The final item in the governments' expenditure-side of et
accounts is 'other outlays' (equation E_softq600). The default setting is that
‘other outlays' is proportional to total government expenditure.

There are four remaining equations in $aeTaccounts block. Three of
these define various measures of the budget deficit. The remaining equation is a
mapping equation for a variable used in the household-disposable-income block.

Equation E_realdefr defines the percentage change in thbudgét
deficit of regional governments. It is defined as the difference in the percentage
change in financing transactions (a measure of the percentage change in the
nominal budget deficit) and the percentage change in the regional CPI. Equation
E_realdeff defines the corresponding variable for the Fedexarnment. This
equation is analogous to the regional version, where the regional variables are
replaced by Federal and national variables. Equation E_dgstar calculates the
percentage-point change in the ratio ggvernment net borrowing to total
outlays. The final equation, E_tod r maps the 'other indirect tax' variable
(softy112) to the variable name 'tod_r'.

2.3.5. Household disposable income

This block of equations computes the various components of regional
household disposable income. Fig@r&1outlines the composition of household
disposable income. Regional household disposable income consists of four broad
components: primary factor income, personal benefit paymfzata the
governments, ‘other income’, and direct taxes. Equation E_hhldyO0O0 defines
regional household disposable income based on these four components.

Figure 2.11 also shows the disaggregation and sources of the
components of household disposable income. Prinfagtor income is
disaggregated into wage income and non-wage income (equation E_hhldy100).
Movements in wage income and non-wage incanegletermined in the value-
added block (equation E_hhldy110 and E_hhldy120 respectively). Personal
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Figure 2.11. Household disposable income

benefit paymentsare consist of unemploymentbenefits and other benefit
payments (equation E_hhldy200). Equation E_hhldy210 shows that
unemploymenbenefitsareindexed to the national CPI and that changes in the
numbers unemploye@re taken from variables determined in the regional
population and labour market equation block. Other personal benefit payments
aredetermined in equation E_hhldy220. Thene indexed to the national CPI

and proportional to the regional population. Equation E_hhldy300 imposes the
assumption that regional household ‘other net income’ moves in proportion with
the region’s nominal gross product.
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In Figure 2.11, threeomponents oflirect taxes are identifiecPAYE
taxes, taxes onon-wage income and other direct taxes (equation E_hhldy400).
Equations E_hhldy410 and E_hhldy420 show thete taxes and non-wage
taxes ara@assumed tonove inproportion to wage income and non-wageome
respectively. Equation E_hhldy430 shows that other direct t@wses inline
with the corresponding variable taken from se&Taccounts.

Therearefive remaining equations in this block. The first imnapping
equation, E_ydr, that maps regional household disposatime to avariable
to be used in the consumption-function equation described above in the
miscellaneous-equation block (see sectibB.3). The next equation, E_upb,
aggregates regional unemployment benefits to formuothploymenbenefits.
This variable drives Federal government expendituranemploymenbenefits
in the SOFT accounts in section 2.3.4 above. The third equation, E_pbp_r is a
mapping equation that renames the regional ‘personal benefits payments’ for use
in the SOFT accounts, where it determines movements in regional governments’
payments of personal benefits. The fourth equation, E_pbpA, calculates
aggregate personal benefit paymentssbgnmingthe regional payments. The
final equation, E_pbpB, uses the value of the aggregate payments of personal
benefits determined in E_pbpA and the regional payments determined in
E_pbp_r, to determine Federal government payments of personal benefits in the
SOFTaccounts.

2.4. Dynamics for forecasting

This block of equations facilitates medium-run and long-run forecasting
experiments, and thenovementbetween comparative-static and forecasting
versions of the model. The equations link key fleariables with their
associated stock variabléhe dynamics ofAMRF areconfined to accumulation
relations connecting industry capital stock with industry investment, regional
population with regional natural growth in population and foreign and
interregional migration, and the foreign debt with the trade balance.

Also included in this bloclare the comparative-static alternatives to the
forecasting equations. Isome cases,such as investment anchpital, the
comparative-static and forecasting versions of thedel contain different
equations. In other cases, such as the trade balance and the foreign debt, we
move between comparative-static and forecasting versions by different settings
of exogenous variables within a common set of equations.
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Comparative statics and forecastifig

MMRF can produce either comparative-static or forecasting
simulations. In comparative-static simulations, the model's equations and
variables all refer implicitly to the economy at some future time period.

This interpretation is illustrated in Figure 2.%hich graphs the values
of some variable, say employment, against time. The base period (period 0) level
of employment is at A and B is the level which it woatthin in T yearsime if
some policy, say a tariff change, werat implemented. With the tariff change,
employment wouldeach C, all other things being equal. In a comparative-static
simulation,MMRF might generate the percentage changeniploymentl00(C-
B)/B, showing how employmerih period Twould be affected by the tariff
change alone.

Employment

Change

0 T years

Figure 2.12. Comparative-static interpretation of results

Comparative-static simulationsre usually interpreted as measuring
either the short-run or long-run effects of a policy change. A distinguishing
feature of short run versus long run comparative-static simulations is the
treatment of industry capital. Short run simulations are characterised by the

16 This section draws on Horridge, Parmenter and Pearson (1993).
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assumption of fixed industry capital stocks. That is, industry capital stocks are
held at their pre-shock level. Econometric evidence suggests that a short-run
equilibrium will be reached in about two years, i.e., T=2 (see Cooper, McLaren
and Powell,1985). The typical long-run assumption is that industry capital
stocks will have adjusted to restore (exogenous) rates of ré&tisnmight take

six years, 10 years or 20 years, i.e., T=6, 10 or 20. In either case, short run or
ling run, only the assumptions about whighriables are fixed and the
interpretation of the results bear the timing of changes: the moddelf is
atemporal.

The comparative-static interpretation fRF results lends itself to
policy analysis. Business amgvernmeniplanners, however, require forecasts
of industry output, prices and other variablesinform their investment
decisions. The forecasting interpretationMfirRr results is shown in Figure
2.13. As beforethe modelgenerates percentage changes in its variables but in
this case theyare interpreted as 100(D-A)/Acomparing the values of the
variables atwo different time periods, period 0 and period T. In contrast to
comparative-static simulations, which usually show the effect of one or a few
exogenous changes, forecasting simulations normally show the effeals of
exogenous changes assumed to occur over the simulation period Oto T.

In the remainder of this section, we outline the forecasting equations of
MMRF and, where applicable, their comparative-static alternatives. We begin
with capital and investment.

2.4.1. Industry capital and investment

To derive the investment-capital accumulation equationsstareéwith
the accumulation relation

Kigi1= KigDEB + Yqu =1,...,13, ¢-1,...,8, t=0,...,T, (2.13)

where K, is industry j's, in the qgth region, capital stock in yeart,; ¥s
industry j's, in the gth region, investment in year t and;X&fhe minus theate
of depreciation in industry j. Note that we assume that there is no region-specific
rate of depreciation on capital. Equation 2.13 is therefore a standard investment-
capital accumulation relation with a one year gestation lag between investment
and capital.

On the basis of equation 2.13, we can write the accumulation equation
for our forecast year, year T, as

Kjqre1= KjqtDER + Yo, j=1,..,13, g=1,...,8 (2.14)

Before we derive the linearised expression of equation 2.14nwse
first address the issue of an initial solution for the equatiooinmonwith
otherorANI-style modelsMMRF is solved for deviations from an initial solution.
In forecasting simulations, we solve thmodel for perturbations from
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year 0 in Figure 2.13. That is, veempute thevalues of variables at year T,
given initial values of the model’s variables at year 0. For example, we solve for
Kjqr+1 KjgrandY g for initial values, K, o and Y40 Theinitial values of the
model’'svariablesmust represent a solution to the model’s equations. Therefore,
to solveMMRF, we require a database which represents an initial solution to the
model’'s equations. For the equations of ti&E core, the input-output data,
schematically represented in Figi2el, provide an initial solution. Similarly,
the database for the government-finance block provides an initial solution for the
equations of section 2.3. A feature of the equations of sections 2.2 and 2.3 is that
all their variables relate to a single time period. Hencegdt@baseroviding a
solution to those equations need only contain data for a single year.

A difficulty with equation 2.14 is that it includesriables irmore than
one time period. This is a problem because no longer do our basecase values
(which are from a single period) guarantee an initial solution. Typically, our
initial solution for a variable, sayXis X,. However, unless by coincidence

Kiqo(DEP - 1) + Yiq0= 0, i=1,..,13, g=1,..,8 (2.15)
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{Kigo Kigo Yiga is not a solution for {Kqts1, Kigm Yjq1}- We solve this
problem by the purely technical device of augmenting equaibd with an
additional term as follows:

Ki,q,T“rl = Ki,q,TDEPJ + Yi,q,T - F[ijq,O(l - DEFJ)) - Yj,q,O]’
i=1,..,13, g=1,...,8 (2.16)

where the initial value of F is minus unity so that equation 2.14 is satgfiedl
Kjqr+1 @and Ko7 equal Kqo and Yo+ equals Yo In forecasting simulations,
we shock F t@ero AF=1). In equation 2.16, {0 Kiqo Yjqo -1} is now a
true initial solution for {Kq r+1, Kjqm Yjq1 F),and the forecasting solution for
equation 2.16 is {Kq7+1, Kjqm Yjqm O} where the‘asterisk’ denotes a
forecast solution.

Taking ordinary changes in F and percentage changeg, in:KK;qr
and Y, 1, equation 2.16 becomes

K 1+1Kq1+1 = Kjq /DEPKi o1 + Yjq1Yjq1 - 10QAF[K; (1 - DER) - Yql,
i=1,..,13, g=1,....8, (2.17)

where, according to our conventions, the upper case denotes levels values of
coefficients, the lower case denotes percentage changes in the madabies
and theA signifies an ordinary change in a variable. Notice that the presence of
the lastterm on the RHS of equation 2.17 means that.kis the percentage
deviation of the capital stock in industry j, region g, fromittigal (base-year)
value of its capital stock, i.e., all variablescluding theT+1 variables, are
deviations from their values in the same base year.

Equation 2.17 is reported in Table 2.1 as equation E_yTA. The
coefficient and variable names that map equation 2.17 to equation ErgTa%s
follows:

Kigr = VALK _T1jq;
Kigr = VALK Tjq;
DEPR - DER;

YjqT = INVESTjq;
Kjgo = VALK 0jq;
Yiqo = INVEST_Qq;
Kgre1 = curcap_tig;
Kt = curcagy ;
YiaT = Yiq and;

AF < delkfudge

The next equation of this section, E_curcapT1A, sets the growth in the
capital stock between the forecast year (year T) and the year follgyeag
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T+1) equal to the average annual growth rate over the forecast period, i.e., the
average between year 0 and year T. Using the notation of equations 2.14 to 2.17,

1
Kiqrs/Kiqr = KiqKiq0 » j=1,..,13, g=1,...,8. (2.18)

Rememberinghat K, is a constant and rearranging, the percentage change
form of equation 2.18 is

Kiqrsr = (1+1)Kiq i=1,..,13, g=1,...,8, (2.19)

where the mapping given above for equati@ris’ and E_yTA also apply for
equations 2.19 and E_curcapT1A, with the addition(ttra%) in equation 2.19
is represented by the coefficieatrerm in equation E_curcapT1A.

The comparative-static alternative to the above forecasting specification
is given by swapping equation E_yTA for equation E_ytB and equation
E_curcapT1A for E_curcapT1B. We must remember that our interpretation of
the model is different in comparative-static simulations compared to forecasting
simulations. As Figures2.11 and 2.12 suggest, in comparative-static
simulations, the percentage changes in the variabléstarnereted as deviations
from their base values #ime T, whereas in forecasting, the percentage changes
in variables are deviations from their base values at time 0.

Equation E_yTB says the percentage change in an industry's capital
stock in year T, is equal to the percentage change in an industry's investment in
year T. Equation E_curcapT1B says the percentage change in an industry's
capital stock in year T+1, is equal to the percentage change in an industry's
capital stock in year T. In short-run comparative-static simulations, the typical
assumption is that the industries' capital stanlesfixed at their base values.
Hence, the variable curggas exogenous and set at zero change. In short-run
comparative-static simulations, the standard closure (or choice of exogenous and
endogenousvariables) includes curcag on the exogenous list and the
relationship between industries’ rates of returp Xrénd the world interest rate
(natr_tot), that is, thevariable f_rate_xx in equation E_f rate_xx, on the
endogenoudist.1? With industries' capital stocks set at zero change, equation
E_yTB ensures that the percentage change in industries' investmgraréy
also zero, when the default option, of setting the shift variable (delf jate
exogenously and at zero, is taken. The assumption is that the short-tumés a
period over which, not onhare capital stocks fixed, but also the industries'
investment plansire fixed. The default option can be overridden by swapping
the industries' investment with the shift variabletioe endogenous/exogenous
list.

17 For a full discussion of alternative model closures, see Chapter 4.
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In long-run simulations, we assume that the industries' capital stocks are
determined endogenously and the relationship between the induatdesof
return and the world interest rateeisogenous, i.e., curcgas endogenous and
f_rate_xx, is exogenous. Equation E_curcapT1B ensures that the percentage
increase in industries' capital stocks in year T+1 is the same as the percentage
increase in capital stocks in year T.

The interpretation of the long-run specification is that suffictene
has elapsed such that the effects of a sustained shockeooti@my no longer
disturbs theate of capital accumulation in our year of interest, year T. Note that
the assumption is that thate of capital accumulation, but not thevel of the
capital stock is assumed to be undisturbed in year T. Hawiage the
assumption in equation E_curcapT1B that (using the above notation)

Kigre1=Kqm i=1,...,13, g=1,...,8, (2.20)
then the percentage change form of equation 2.14 can be written as

Kjq1+1Kjq1 = KjgTDEBRK; ¢ 1 + Yjq1Yiq j=1,...,13, g=1,...,8. (2.21)
Rearranging equation 2.21 gives

(Kjqr+1 - KjgPER)Kj g1 = Yiq1Yia™ ji=1,...,13, 9=1,...,8. (2.21)
From equation 2.14, we note that

Kiqr+1- KjqmDER = Yiq, j=1,...,13, g=1,...,8, (2.22)
hence,

KiaT =Yg =1,...,13, 9=1,...,8. (2.23)

or equation E_yTB in Table 2.1, section 2.4.1.

The investment and capital equations of itiedel are completed with
the specification of industry rates of return and an equation defining aggregate
economy-wide investment. These equatiaresscommon toboth the forecasting
and comparative-static versions of the model.

Equation E_rO in Table 2.lsection 2.4.1, defines the percentage
change in the rate of return on capital (net of depreciation) in industry |, region
g. In levels this is the ratio of the rental price of capRalGAR,) to the supply
price Pl;q), minus the rate of depreciation. Hence, the coeffi@DOEFR, is
the ratio of the gross to the net rate of return.

Equation E_f rate_xx makes the change in the net rate of return in an
industry relative to the economy-widate apositive function of the change in
the industry's capital stock relative to the region-wide stock. It is interpreted as a
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risk-related relationship with relatively fast-/slow-growing industries requiring
premia/accepting discounts on their rates of refline.parameteBETA_R 4
specifies the strength of this relationship. The variable f_rate adlows
exogenous shifts in the industry's rate of return and also allows mew®
between long-run and short-run comparative-static simulations as described
above.

The investment-capital equations conclude with equation Ewiath
defines changes in the economy-wide industry investment as the weighted
average of the changes in regional industry investment.

2.4.2. Accumulation of national foreign d&bt

This section contains equations modelling the nation's foreign debt.
They relate the debt to accumulated balance-of-trade deficits. Analogous to
equation 2.13 above, we have

DEBT,,; = DEBT(R_WORLD) + B, (2.24)

where DEBT is the debt at year t,Bs the trade deficit in year t, and
R_WORLD is the interest rate factasne plus the worldeal interest rate,
which we treat as a parameter.

In the forecast simulations, we arrive at the value of the debt in year T
by accumulating, on the basis of equation 2.24 starting at year 0, leading to

T1
DEBT; = DEBT(R_WORLD) + ¥ B(R_WORLD) ", (2.25)
t=0

We also assume that the trade deficit in the time span O-T follows a straight line
path

B, = By +7 (Br - By, t=0,...,T. (2.26)

Thus

T1
DEBT; = DEBT(R_WORLD) + ¥[B, +7 (B; - By)l(R_WORLD) .
t=0

(2.27)

Equation 2.27 can be written as

18 This section draws on Horridge, Parmenter and Pearson (1993).
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DEBT; - DEBT, = DEBT,(R_WORLD -1) + B;N_DEBT + (B-B;)M_DEBT

(2.28)
where
L T-t-1
M_DEBT = $7(R_WORLD) (2.29)
t=0
and
T T-t
N_DEBT =} (R_WORLD) . (2.30)

t=1

Notice that DEBT is linearly related to B and to predetermined values of
DEBT, and B. We treat DEBT and B as variables, and DEBTB, and
R_WORLD as parameters. As explained above, our initial solution for
{DEBT{,B+} is {DEBT ,Bg}. Analogous to the capital accumulation relation in
section 2.4.1, unless

DEBT4(R_WORLD -1) + B,N_DEBT =0,

these values for DEBTand B: will not satisfy equation 2.28. The resolution of
the problem is to augment equat®/28 with an additional variable DFUDGE
as follows:

DEBT; - DEBT, = [DEBT,(R_WORLD -1) + B;N_DEBT]DFUDGE
+ (B;-By)M_DEBT. (2.31)

We choose the initial value of DFUDGE to be 0 so that equation 2.31 is
satisfiedwhen DEBT; = DEBT, and B = B,. In forecasting simulations, we
shock DFUDGE to 1 ADFUDGE=1). Then equation 2.31 is equivalent to
equation 2.28, and our percentage-change resgdtsonsistent with equations
2.25t0 2.28 as desired.

Taking the ordinary change in equati®r31, and writing the ordinary
change in the variables in lower case with the prefix del, gives

deldebt = [DEBT,(R_WORLD -1)+B,;N_DEBT]deldfudge+M_DEBTdelbt
(2.32)

Equation 2.32 appears in Table 2.1, section 2.4.2 as equation E_deldebt.

Since R_WORLD is a (fixed) real foreign interest rate, DE&Td B
are denominated in base-year foreign-currency units. However, they must be
related to other variables, such as the values of exports and imports, which are
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measured in year-t Australian dollars ($A). Wiefine a coefficient,
P_GLOBAL, to convert $A values into base-year foreign dollars.divien in
percentage change form as natxim (see Table 2.1, set@obd, equation
E_natxim). This means that our 'best guessh@tements in world prices and
the nominal exchangeate isgiven by the movements in the index of national
foreign imports, which is the sum of the movements of a weighted average of the
foreign prices of national imports plus thvement in the nominal exchange
rate.

Equation E_delbt defines the ordinary change in the real trade deficit.
The levels form of this equation is

1 - NATXIM XNATIMPVOL - NATXI4 xNATEXPVOL
= P_GLOBAL *

(2.33)

where BT is the national real foreign trade balangerfRquations 2.27 to 2.31
above), NATXIM is the price index of national imports, NATIMPVOL is the
volume of national foreign imports, NATXI4 is the price index of national
exports, NATEXPVOL is thevolume of national foreign exports. Taking the
ordinary change in BT (delbt) in equation 2.33 and the percentage changes in the
remaining variables (remembering the percentage change in P_GLOBAL is
natxim) in equation 2.33 gives equation E_delbt.

The last equation of this section defines the ordinary change in the
national debt/GDP ratio. In the levels, the debt/GDP ratio (DEBT_RATIO) is
given as

DEBT_RATIO = DEBT/(NATGDPEXP/P_GLOBAL), (2.44)

where NATGDPEXP is national nomin@DP. Taking the ordinary change in
DEBT_RATIO (deldebt_ratio) and the percentage changes in the remaining
variables gives equation E_deldebt_ratio.

The above national debt accumulation equations produce comparative-
static resultswhen the variable deldfudge in equation E_deldebt is set
exogenously at zero change.

The final accumulation equation is one which relates regional
population to various elements of regional population growth. We hold over the
discussion of the accumulation of regional population to the next section.
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2.5. Regional population and regional labour market settings

This block of equations computes regional population frourak
growth, foreign migration and interregional migration. The block also includes
various regional labour market relationships. For each region, the system is
designed to allow for either(i) an exogenous determination of regional
population, with an endogenous determination ofeastone variable of the
regional labour market, chosen from regionahemployment, regional
participation rates or regional wage relativities, or; (i) arogenous
determination ofall the previously mentionedariables of the regional labour
market and an endogenous determination of regional migration, and hence, of
regional population.

In case (i), the user can take on board the forecasts of the three
population flows (natural growth, regional migration and foreign migration)
from a demographic model thereby exogenously determining regional
populations. For example, thes (cat. no. 3222.0) makes forecasts of these
flows and of regional population. The labour market & migration block of
eqguations can then be configured to determine regional |@oppty from the
exogenously specified regional population and given settings of regional
participation rateand movements in thetios of population to population of
working age. With labour supply determined, the labour market and regional
migration block will determine either interregional wage differentials, (given
regionalunemploymentates) or regionalinemploymentates(given regional
wage differentials). With given regional unemployment rates and regional labour
supply, regional employment is determined aesadual and wage differentials
adjust to accommodate the labour market outcome. Fixing wage differentials
determines the demand for labour so that with regional labour supply given, the
model will determine regional unemployment rates as a residual.

In alternative (ii), interregional wage differentials and regional
unemploymentates areexogenously specified. The labour market and regional
migration block then determines regional labour supply and regional population
for given settings of regional participation rates and ratiopapiulation to
population of working age.

The equations of this block have been designed with sufficient
flexibility to allow variations on the two generatethodsdescribed above.
Importantly, the block allows fasomeregions to be subject method(i) and
other regions to be subject to method (i) in the same simulation.

We begin our exposition of the equations of this section with the
accumulation of regional population. In the levels, wtart with the
accumulation relation

POR 1= POR+ FMy: + RMy: +Gy,  0=1,...,8, t=1,...,T, (2.45)
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where POR is regional population in year t, fMis the net migration of
overseas residents to region ¢ in year t,;RMet migration of residentsom
other regions to region q in year t angd;@ region g's naturajrowth in
population in year t.

Accumulating on the basis of equat@@5over the period O-T, we can
derive a value for regional population in year T (RQP

T
POR, 1= POR o+ Y (FMy + RMy +Gy)), g-1,...,8. (2.46)
t=1

As with the accumulation of national foreign debt, in section 2.4.2 above, we
make the simplifying assumption that the floariables in equation 2.4g¢row
smoothly over the period O-T, giving

FMg, = FMgo + H(FMq 1 - FMy0), g=1,...,8, t=0,...T, (2.47)

RMg, = RMgo +(RMq 1 - RMy), 9=1,...,8, t=0,...,T (2.48)
and

Gt = Gyo+ T (Gyr - Gqo), 9=1,...,8, t=0,...T. (2.49)

Substituting equations 2.47 to 2.49 into equation 2.46 and rearranging gives

T+1
POF():"T - POF(’],O = T(FMq'O + RMq,O +Gq’0) + 7 [(FMq,T - Fquo)

+ (RMq,T - RMq,O) + (GqT - Gq,o)], g=1,...,8. (2.50)

As with ourearlier accumulation equations, we have the problem of an initial
solution to equation 2.50 in that unless by chance

T(FMqo+ RMyo+Gqo) = O,

our base-year values of POP, FM, RM and G do not constitute an initial
solution. To resolve the problem, we adopt the technique applied to the national-
debt-accumulation equation; we multiply the first term onRhs of equation

2.50 by the variable RPFUDGE

POR, 1 - POR, o= T(FMgo + RMgyo +G; ) RPFUDGE

T+1

+ 2 [(FMq,T - FMq,O) + (RMq,T - RMq,O) + (GqT - Gq,O)]v
g=1,...,8. (2.50)
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Giving RPFUDGE an initial value of 0, and the remaining elementstiheg-
year values, now provides an initial solution satisfying equalidi®. For
forecasting simulations, RPFUDGE is shocked t&ARRFUDGE=1).

Treating the zero subscripted elements and T in equ&tibf as
constants, and taking the percentage change in,PQ#p) and ordinary
changes in Fifl, RM1, Gyt and RPFUDGE (del_fg del_rm, del_g, and
delrpfudge, respectively), gives equation E_del rm in Taklesection2.5.1.

The following list maps the coefficients from equatich50 to equation
E_del_rm:

POR,t = C_POR;

100T(FM,0+ RMgo+G,0) = C_PRI;

50(T +1) = C_PA2.

As with the accumulation of national debt, equation E_del rm can be
implemented incomparative-staticomode by assigning a value of zero to
delrpfudge.

The remaining equations of this section can be grouped into the
following categories: definitions; equations imposiagpitrary assumptions;
equations imposing adding-up constraints and; national aggregates based on
summing regional variables.

The definitional equations are E_del_labsup and E_wpop. The former
equation defines the percentage-point change in the regimeahployment
(del_ung) in terms of the percentage changes in regional labour supply {absup
and persons employed (emplpyThe latter equation defines the percentage
change in regional labour supply in terms of the percentage changes in the
regional participation rate (prand the regional population of working age
(wpopy).

In equation E_pop, the assumption that the regional population of
working age is proportional to the regional (tofadjpulation is imposed. The
default setting can be overridden by endogenising the shift variable (fwpop

Equation E_rm_0, allows for the imposition of either the assumption
that the change in net regional migration (del)ris equal to a forecast change
in regional migration (del_rmJ) or thatdel_rm, is equal to del_rm_(Qplus a
common(to all g) constant. We can interpret equation E_rm_iingssing the
former assumption when del_rm,_ére seexogenously (equal to, say, aBs
forecast) and when the shift variable, delf rm_0, is set exogenously at zero
change. Théatter assumption is imposed whatl but one of the del_rm Gre
set exogenously and delf_rm_0 is set endogenously. The purpose of the second
assumption is as follows. We may wish to believe sdmenot all of theass
forecasts of net regional migration. We may wish to determine one of the
region's net regional migration from econorfactors withinMMRF. However,
we may still wish that the remaining net regional migration flows to be
approximately equal to thess forecasts. To the extent that the region's net
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regional migration determined bymRF deviatesfrom that forecast by thess
means that theum of the regional net migration will not equal zero if the
remaining regional net migration flows are set equal to #esrforecasts. To
overcome this problem, we distribute the positive/negative amount of net
migration evenly across the regions. If it is desired that all regional net migration
flows are determined by economitactors, rather than exogenously, then all
elements of del_rm jGare set endogenously and swapped with a relevant labour
market variable such as regional relative wage rates (wagg saiéf equation
E_wage_diff, section 2.2.11 above and in Table 2.1).

Equation E_remploy_interf imposes the assumption that regional
employment inwage-bill weights is proportional to regionamployment in
person weights by setting the percentage change in regional wage-bill weighted
employment () equal to the percentage change in regional person-weighted
employment (emplqy when the shifvariable f_}, is exogenous and set to zero
change. The default option can be overridden by settiggpfnion-zero values.

Equation E_pop_interf imposes the assumption that regimueiehold
formation is proportional to regional population by setting the percentage change
in regional household formation (ghgu&qual to the percentage change in
regional population (pep when the shiftariablef_ghousg is exogenous and set
to zero change. The default option can be overridden by setting f,dqbowm-
zero values.

An adding-up constraint is imposed in equation E_rm_addup. If the
variabledelf_rm is exogenous (and setziero),then atleastone of the del_rm
must be endogenous. #il the del_rng are endogenous, then delf_rmust
endogenously equal zero for the simulation to be valid.

The remaining equations of this section, E_delnatfm, E_delnatg,
E_natlabsup, E_natemploy, and E_natunr determine national aggregate
variables by summing the corresponding regional variables.
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Table 2.2. The MMRF Variables

Variable Subscrip Number Description
Range

The CGE Core
Scalar Variables

deltax1all 1 Overall percent-point change in indirect tax rates,
user 1

deltax2all 1 Overall percent-point change in indirect tax rates,
user 2

deltax3all 1 Overall percent-point change in indirect tax rates,
user 3

deltax4all 1 Overall percent-point change in indirect tax rates,
user 4

deltax5all 1 Overall percent-point change in indirect tax rates,
user 5

deltax6all 1 Overall percent-point change in indirect tax rates,
user 6

natc 1 Nominal total household consumption

natcaprev 1 Aggregate payments to capital

natcr 1 Real household consumption

natdelb 1 Ordinary change in balance of trade

natexport 1 Foreign-currency value of exports

natexpvol 1 Export volumes

natfep 1 Economy-wide shifter of export demand curves

natfsgen 1 Overall shift term for regional "Other" demands

natfégen 1 Overall shift term for Federal "Other" demands

natfwage 1 Overall wage shifter

natgdpexp 1 Nominal GDP from expenditure side

natgdpinc 1 Nominal GDP from income side

natgdpreal 1 Real GDP from expenditure side

natimp 1 Foreign currency value of imports

natimpvol 1 Import volumes

natin 1 Aggregate nominal investment

natir 1 Aggregate real investment expenditure

....Table 2.2. continued
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Variable Subscrip Number Description
Range

natkt 1 Aggregate capital stock, rental weights

natl 1 Aggregate employment, wage bill weights

natlabrev 1 Aggregate payments to labour

natindrev 1 Aggregate payments to land

natoctrev 1 Aggregate other cost ticket payments

natothnom5 1 Aggregate nominal value of regional "Other"
demands

natothnom6 1 Aggregate nominal value of Federal "Other"
demands

natothreal5 1 Aggregate real regional "Other" demands

natothreal6 1 Aggregate real Federal "Other" demands

natplcap 1 Aggregate nominal capital rentals

natphi 1 Exchange rate

natpwage 1 Aggregate nominal wage paid to workers

natpwage_p 1 Aggregate nominal wage paid by producers

natrealwage 1 National consumer real wage

natrwage_p 1 National real wages for producers: deflated by GDP
deflator

natrwage_w 1 National real wages for workers: deflated by CPI

nattaxind 1 Aggregate revenue from all indirect taxes

nattaxrevl 1 Aggregate revenue fromindirect taxes on
intermediate

nattaxrev2 1 Aggregate revenue from indirect taxes on investment

nattaxrev3 1 Aggregate revenue from indirect taxes on households

nattaxrev4 1 Aggregate revenue from indirect taxes on exports

nattaxrevs 1 Aggregate revenue from indirect taxes on regional
"Other"

nattaxrevé 1 Aggregate revenue frormdirect taxes on Federal
"Other"

nattaxrevm 1 Aggregate tariff revenue

nattot 1 Economy-wide terms of trade

natxi2 1 Investment price index

natxi3 1 Consumer price index

....Table 2.2. continued
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Variable Subscrip Number Description
Range

natxi4 1 Exports price index

natxis 1 Regional "Other" demands price index

natxi6 1 Federal "Other" demands price index

natxigdp 1 GDP price index, expenditure side

natxim 1 Imports price index

natximpO 1 Duty-paid imports price index

natxiplpk 1 Relative prices of labour and capital

natz_tot 1 Aggregate Output: Value-Added Weights

Vector Variables

aggnt_fep SORSOU 8 Price shifter on non-traditional exports

aggnt_p4r SORSOU 8 Aggregate price for non-traditional exports

aggnt_x4g SORSOU 8 Demand for aggregate non-traditional exports

caprey 9ORDES 8 Aggregate payments to capital

Sy gURDES 8 Nominal total household consumption

cr_shy, QURDES 8 Regional/national consumption ratio

cr, QURDES 8 Real household consumption

delb_dom qURDES 8 Change in interregional trade balance

delb_for_aug  qORDES 8 Change imuD value of foreign trade balance

delb_tof qORDES 8 Sum change in of domestic and foreign trade balance

deltaxdes} qUADES 10 Tax shifter (percentage-point change) to all
destinations including foreign and Federal

deltaxsourcg ~ sTASOU 9 Tax shifter (percentage-point change)allysources
(domestic and foreign)

exp_for_aug  qORDES 8 AUD value of foriegn exports

expor, qORDES 8 Foreign currency value of exports

expvol, qORDES 8 Export volumes

f5gen, qURDES 8 Overall shift term for regional "Other" demands

fégen, qORDES 8 Shifter, Federal "Other" demand

faggnt_j iONTEXP 11 Shifter by commodity for aggregate non-traditional
exports

faggnt_p4g SORSOU 8 Shifter on the price of aggregate non-traditional

exports

....Table 2.2. continued
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Variable Subscrip Number Description
Range
faggnt_g SORSOU 8 Shifter by region for aggregate non-traditional
exports
fep, i0COM 13 Price (upward) shift in export demands
feq i0COM 13 Quantity (right) shift in export demands
fwage, qURDES 8 Overall real wage shifter
imp_for_aug  qORDES 8 AUD value of imports
imp, qORDES 8 Foreign currency value of imports
impvol, qORDES 8 Import volume index
in, qORDES 8 Aggregate nominal investment
ir qURDES 8 Aggregate real investment expenditure
kt, qURDES 8 Aggregate capital stock, rental weights
labrev, qURDES 8 Aggregate payments to labour
Indrev, qURDES 8 Aggregate payments to land
Iy qORDES 8 Aggregate employment- wage bill weights
luxexp, qURDES 8 Total supernumerary household expenditure
natlabing! jOIND 13 Employment by Industry
natlambda mOOCC 8 Employment in occupation M
natx0imp i0COM 13 Import volumes
naty jOIND 13 Capital creation by using industry
natz jOIND 13 Activity level or value-added
octrey, qURDES 8 Aggregate other cost ticket payments
othnomg, qORDES 8 Aggregate nominal regional "Other" demands
othnomé, qURDES 8 Aggregate nominal Federal "Other" demand
othrealy, qORDES 8 Aggregate real regional "Other" demands
othreal§ qURDES 8 Aggregate real Federal "Other" demand
pm i0COM 13 C.I.F. foreign currency import prices
powtaxm incom 13 Power of tariffs
psexg SIRSOU 8 Price indices for interregional exports
psimp, qORDES 8 Price indices for interregional imports
pwage, qORDES 8 Region-wide nominal wage received by workers
pwage_g qURDES 8 Region-wide nominal wage paid by producers

....Table 2.2. continued
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Variable Subscrip Number Description
Range

qhou% qORDES 8 Number of households

realwage_y  qORDES 8 Real wages for workers: deflated by CPI

realwage_p  qURDES 8 Real wages for producersieflated by the GDP
deflator

reg_plcap qURDES 8 Regional rental price of capital

totdonh qORDES 8 Domestic terms of trade

totfor, qORDES 8 Foreign terms of trade

r0_tot, qURDES 8 Regional aggregate rate of return

taxind, qORDES 8 Aggregate revenue from all indirect taxes

taxrevl, qURDES 8 Aggregate revenue, indirect taxes on intermediate

taxreva, qURDES 8 Aggregate revenue, indirect taxes on investment

taxrevy, qURDES 8 Aggregate revenue, indirect taxes on households

taxrev4 SORSOU 8 Aggregate revenue, indirect taxes on foreign exports

taxrevg, qORDES 8 Aggregate revenue, indirect taxes on regional
"Other"

taxreve, qURDES 8 Aggregate revenue, indirect tax on Federal "Other"

taxrevim, qORDES 8 Aggregate tariff revenue

utility . qORDES 8 Utility per household

wage_diff qORDES 8 Regional real wage differential

xim qURDES 8 Imports price index

XimpQ, qURDES 8 Duty-paid imports price index

xiplpk,, qORDES 8 Index of relative price of labour and capital

Xiy_r, qORDES 8 Regional GDP deflator

xi2, qORDES 8 Investment price index

xi3, qURDES 8 Consumer price index

xid, qORDES 8 Exports Price Index

xi5, qORDES 8 Regional "Other" demands price index

xi6,, qURDES 8 Federal "Other" demands price index

xsexp, SORSOU 8 Exports volume in interregional trade

xsimp, qORDES 8 Imports volume in interregional trade

z_tot, qURDES 8 Aggregate output: Value-added weights

....Table 2.2. continued
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Variable Subscrip Number Description
Range

Matrix Variables

alcap, jOIND 13x8 Capital augmenting technical change
qORDES

al, jOIND 13x8 All input augmenting technical change
qURDES

alla, jOIND 13x8 Labor augmenting technical change
qURDES

allang, jOIND 13x8 Land augmenting technical change
qURDES

alocf, jOIND 13x8 Other cost ticket techncal change
qORDES

alprim, jOIND 13x8 All primary factor technical change
qURDES

azinq , jOIND 13x8 Technical change in capital creation
qORDES

a3com, iocom 13x8 Change in household tastes
qURDES

aslux , iOCOM 13x8 Change in household tastes, luxury
qORDES

assulgq iocoMm 13x8 Change in household taste, subsistence
qURDES

a, jOIND 13x8 Average of technical change terms in production
qORDES

arpri | jOIND 13x8 Payroll tax adjustment factor
qURDES

curcap jOIND 13x8 Current capital stock
qORDES

deltaxl; . i0COM 13x10x13x  Percentage-point change itax rate on sales of
STASOU 8 intermediate inputs
joIND
qURDES

deltax2 ., iOCOM 13x10x13«<  Percentage-point change tax rate on sales for
sJASOU 8 capital creation
joIND
qURDES

....Table 2.2. continued
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Variable Subscrip Number Description
Range
deltax3, . iOCOM 13x10x8 Percentage-point change itax rate on sales to
sJASOU households
qORDES
deltax4 i0coM 13x8 Percentage-point change in export tax rates
SIRSOU
deltaxg . i0COM 13x10x8 Percentage-point change itax rate on sales to
sJASOU regional "Other" demand
qORDES
deltaxg . i0COM 13%x9x8 Percent-point change in sales tax rate, Federal
STIASOU government demands
qORDES
deltax i0COM 13 Percentage-point change in the general sales tax rate
efflab , jOIND 13x8 Effective labour input
qORDES
floct , jOIND 13x8 Shifters, other cost tickets
qORDES
f5a incom 13x10x8  Shift in regional "Other" demands
SIASOU
qORDES
f6a incom 13x9x8  Shift, Federal "Other" demand
STASOU
qORDES
faggnt_ig, iONTEXP 11x8 Commodity and source shifter for non-traditional
SIRSOU exports
frPR, | jOIND 13x8 Payroll tax rate shifter
qORDES
fwagej , jOIND 13x8 Industry-specific wage shifter
qORDES
labing . jOIND 13x8 Employment by industry
qORDES
lambdg, mOJOCC 8x8 Employment by occupation
qORDES
r jOIND 13x8 Use of land
qORDES
p0g i0COM 13x10 Basic price of good i, source s
SIASOU

....Table 2.2. continued
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Variable Subscrip Number Description
Range
Plag; incom 13x10x13«<  Prices of inputs for current production
STIASOU 8
jOIND
qORDES
plcap, jOIND 13x8 Rental price of capital
qURDES
plG;, iOCOM 13x13x8  Prices of domestic composite inputs for current
jOIND production
qORDES
plial , jOIND 13x8 Price of labour
qORDES
pllaboj, jOIND 13%x8x8 Wage of occupation type m in industry j
qORDES
mOJOCC
plland,, jOIND 13x8 Rental price of land
qORDES
plocf, jOIND 13x8 Price of other cost tickets
qORDES
plo;, i0COM 13x13x8  Price, domestic/foreign composite inputs for current
jOIND production
qORDES
P23, incom 13x10x13«  Prices of inputs for capital creation
STASOU 8
jOIND
qORDES
P26, i0COM 13x13x8  Prices of domestic composite inputs for capital
jOIND creation
qORDES
P29, i0COM 13x13x8  Price, domestic/foreign composite inputs for capital
jOIND creation
qURDES
P33, iocom 13x10x8  Purchasers prices by commodities and source for
sJASOU households
qORDES
P36, i0CcoM 13x8 Prices of domestic composite inputs for households
qURDES

....Table 2.2. continued
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Variable Subscrip Number Description
Range
P39, iOCOM 13x8 Price, domestic/foreign composite inputs for
qORDES households
par iocom 13x8 F.O.B. foreign currency export prices
SORSOU
P53, i0COM 13x10x8  Purchasers' prices for commodities (by source) by
STIASOU regional "Other"
qORDES
2 J iocom 13x10x8  Purchasers' prices paid for commodities by Federal
STASOU "Other"
qORDES
Pii 4 jOIND 13x8 Costs of units of capital
qORDES
psflo, , SIRSOU 8x8 Price indices in interregional trade flows
qORDES
pwagej, jOIND 13x8 Nominal wage rates
qORDES
0, jOIND 13x8 Current rates of return on capital
qORDES
pri; jOIND 13x8 Payroll tax rate (in per cent)
qORDES
x0imp, | iDcom 13x8 Import volumes
qORDES
X134 incom 13x10x13«  Demands for inputs for current production
STASOU 8
jOIND
qURDES
x16,, i0COM 13x13x8  Demands for domestic composite inputs for current
jOIND production
qORDES
x1laboj, jOIND 13x8x8 Employment of occupation type m in industry j
qORDES
mOOoCC
xlmargg, .~ i0COM 13x10x13«<  Margins - current production
STASOU 8x2
jOIND
qORDES
rIMARG

....Table 2.2. continued
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Variable

Subscrip Number

Range

Description

x10c§’q

Xlo.,j,q

xlprin*ﬁ q

X2"’},s,j,q

X2C .

x2margSj ar

X20 .

X35},s,q

X3¢

x3margs ar

X3°|.q

x4marg or

jOIND
QORDES
i0COM
jOIND
qORDES
jOIND
QORDES
i0COM
SOASOU
jOIND
gORDES
i0COM
jOIND
QORDES
i0COM
SOASOU
jOIND
qORDES
IOMARG
i0COM
jOIND
qORDES
i0COM
SOASOU
qORDES
i0COM
qORDES
i0COM
SOASOU
qORDES
IOMARG
i0COM
gORDES
i0COM
SORSOU
IOMARG

13x8

13x13x8

13x8

13x10x13x

8

13x13x8

13x10x13x
8x2

13x13x8

13x10%8

13x8

13x10x8x2

13x8

13x8x2

Demand for other cost tickets

Demands for domestic/foriegn composite inputs for
current production

Demand for primary factor composite

Demands for inputs for capital creation

Demands for domestic composite inputs for capital
creation

Margins - capital creation

Demands for domestic/foriegn composite inputs for
capital creation

Household demand for goods

Demands for domestic composite inputs for
households

Margins - on sales to households

Demands for domestic/foriegn composite inputs for
households

Margins - on exports

....Table 2.2. continued
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Variable Subscrip Number Description
Range
xar, ¢ iOCOM 13x8 Export volumes
SORSOU
x53 iocom 13x10x8  Regional "Other" demands
STASOU
qORDES
xbmarg, . i0COM 13x10x8x2  Margins - regional "Other"
STASOU
qURDES
rOMARG
63, iocom 13x10x8  Federal "Other" demands in each region
STIASOU
qORDES
xémarg, . i0COM 13x10x8x2  Margins - on sales to Federal " Other" demand
STASOU
qORDES
rOMARG
xi_fac | jOIND 13x8 Index of factor costs
qORDES
xiplpk_ind , jOIND 13x8 Index of ratio of price of labour to price of capital
qORDES
xsflog , SORSOU 8x8 Volume of inter and intraregional trade flows
qORDES
Yig jOIND 13x8 Capital creation by using industry
qORDES
Z, jOIND 13x8 Activity level or value-added
qORDES
Government Finances
Scalar Variables
bstar 1 Balance of trade surplus as percentage of GDP
ig 1 Nominal government investment
ip 1 Nominal private investment
miscf002 1 Shift variable : relative income tax rates
pbp 1 Personal benefit payments
rl 1 Tax rate - wages, salaries and supplements
rk 1 Tax rate - non-wage primary factor income

....Table 2.2. continued
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Variable Subscrip Number Description
Range
softfo11 1 Shifter for Federal collection of other indirect taxes
ti 1 Commodity taxes less subsidies (excl tariffs)
ty 1 Income taxes
upb 1 Unemployment benefits
wn 1 Nominal pre-tax wage rate
wnstar 1 Nominal post-tax wage rate
wrstar 1 Real post-tax wage rate
xiy 1 GDP deflator
yf 1 GDP at factor cost
yl 1 Pre-tax wage income
ylstar 1 Post-tax wage income
yn 1 Nominal GDP
yr 1 Real GDP
203 1 Payroll taxes
205 1 Property taxes
207 1 Land taxes
z09 1 Other indirect taxes
z10 1 Sales by final buyers
Vector Variables
dgstay, qUDDES 9 Government net borrowing/total outlays
debtg, qODDES 9 Government debt
9.1 qUDDES 9 Government consumption
ig_r, qODDES 9 Government investment
labsup, qORDES 8 Labour supply
pbp_t, qODDES 9 Personal benefit payments
or, qURDES 8 payroll tax rate
ti_r, qURDES 8 Commodity taxes less subsidies (excl tariffs)
tod_rq qORDES 8 Other direct taxes
xisfo, qORDES 8 price index : sales by final buyers
yn_t, qURDES 8 Nominal GSP - regions
yrr, qORDES 8 Real GSP - regions

....Table 2.2. continued
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Variable Subscrip Number Description
Range
yd_r, qORDES Household disposable income
201 y, qORDES Wages, salaries and supplements
202_y, qURDES Imputed wages
z03_y, qORDES Payroll taxes
204_y, qORDES Returns to fixed capital
205_¢, qORDES Property taxes
206_r, qORDES Returns to agricultural land
207_y, qURDES Land taxes
z08_y, qURDES Returns to working capital
209_y, qORDES Other indirect taxes
z10_y, qORDES Sales by final buyers
z9_1, qORDES Gross operating surplus
ztr qORDES Production taxes

|
re)

dompy00Q qURDES GSP at market prices (income side)

dompy10Q qURDES Wages, salaries and supplements
Disposable wage income

PAYE taxes

dompyllg qORDES
dompylZQ] gORDES
dompy20Q qURDES GOS : non-wage primary factor income
dompy21Q qURDES Disposable non-wage primary factor income
dompy22Q qURDES Taxes on non-wage primary factor income
dompy30Q qORDES Indirect taxes less subsidies
dompy31Q qORDES Tariff revenue
dompy32Q qURDES Other commodity taxes less subsidies
dompy33Q qORDES Production taxes
dompq00Q qURDES GSP at market prices (expenditure side)
dompq10Q qORDES Domestic absorption
dompq11Q qORDES Private consumption
dompqlzg qORDES Private investment
dompq13Q qORDES Government consumption - regions

dompq14Q qORDES Government consumption - federal

O 0 0 © © © 0 0 W © © 0 0 W W © 0 o0 0 W © o0 o0 0 0 © 0 0 o0 o0 ©o©

dompg15Q  qURDES Government investment

....Table 2.2. continued
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Variable Subscrip Number Description
Range
dompq20Q qORDES 8 Interregional trade balance
dompg21Q qORDES 8 Interregional exports
dompq22 qORDES 8 Interregional imports
dompq30Q qORDES 8 International trade balance
dompq31Q qORDES 8 International exports
dompq32Q qORDES 8 International imports
softy00Q, qODDES 9 SOFT : income side total
softy10Q, qODDES 9 Government revenue
softy11Q, qODDES 9 Direct taxes
softyll]q qODDES 9 Income taxes
softyll%l qODDES 9 Other direct taxes
softy12(, qODDES 9 Indirect taxes
softy12], qODDES 9 Tariff revenue
softy122 qODDES 9 Other commodity taxes
softy123 qUDDES 9 Payroll taxes
softy124 qODDES 9 Property taxes
softy12§ qODDES 9 Land taxes
softylqu qODDES 9 Other indirect taxes
softy13Q, qODDES 9 Interest received
softy14Q, qUDDES 9 Commonwealth grants to regions
softy141, qODDES 9 Current grants
softy142 qODDES 9 Capital grants
softy15Q, qODDES 9 Other revenue
softy20Q, qUDDES 9 Consumption of fixed capital - general government
softy300, qUDDES 9 Financing transactions
softy31cg4 qODDES 9 Net borrowing
softy320, qODDES 9 Increase in provisions
softyssq] qODDES 9 Other financing transactions
f_oft, qODDES 9 Other financing transactions shifter
realdef, qUDDES 9 Real government budget deficit
softqoocg] qODDES 9 SOFT: expenditure side total

....Table 2.2. continued
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hhidy00Q, qURDES Disposable income

hhldyloqq qORDES Primary factor income
hhidy11Q, qORDES Wages, salaries and supplements
hhidy12q, qORDES Non-wage primary factor income
thdyZOQ1 qURDES

hhidy21Q, GORDES

Personal benefit receipts
Unemployment benefits

hhidy22Q, qORDES
hhidy300, GORDES

Other personal benefits
Other income (net)

hhidy40Q, qURDES Direct taxes
PAYE taxes

Taxes on non-wage primary factor income

hhidy410, gORDES
hhidy42q gURDES

Variable Subscrip Number Description
Range

softq10Q, qODDES 9 Expenditure on goods and services
softq11Q qODDES 9 Government consumption
softq12Q qUDDES 9 Government investment
softq20Q, qIDDES 9 Personal benefit payments
softq21Q, qUDDES 9 Unemployment benefits
softqzqu qODDES 9 Other personal benefits
softq30Q, qODDES 9 Subsidies
softq40Q qUDDES 9 Interest payments
softq50Q, qUDDES 9 Commonwealth grants to regions
softq51Q, qODDES 9 Current grants
softq52Q, qODDES 9 Capital grants
softq60Q, qODDES 9 Other outlays
softhO]q qORDES 8 Shift variable : other direct taxes
softf00Z, qORDES 8 Shift variable : current Commonwealth grants
softfo03, qURDES 8 Shift variable : capital Commonwealth grants
softfo% qODDES 9 Shift variable : other revenue
softf00g, qODDES 9 Shift variable : increase in provisions
softf006q qODDES 9 Shift variable : other outlays
softfo07, qODDES 9 Shift variable : government debt

8

8

8

8

8

8

8

8

8

8

8

8

thdy43Qq qORDES Other direct taxes

....Table 2.2. continued
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Variable Subscrip Number

Description

Range
hhidfooz, GORDES
hhidf003, GORDES
hhidf003, qORDES
mischOJq gCRDES

Investment-Capital Accumulation

Scalar Variables
delkfudge

natr_tot

Matrix Variables

delf_ratc?'q jOIND
gORDES

f_rate_x>l<’q jOIND
qORDES

curcap_tlfgq jOIND
gORDES

National Foreign Debt
deldfudge

delbt

deldebt_ratio

deldebt

8
8
8

8

13x8
13x8

13x8

1

1
1
1

Shift variable : unemployment benefits
Shift variable : other personal benefits
Shift variable : other income (net) - hholds

Shift variable : consumption function

Dummy variable to switch on capital accumulation
equation
Average rate of return

A change shifter in capital accumulation equation

Shifter, rate of return equation

Capital stock in period T+1

Dummy variable in equation E_delDebt
Ordinary change in Real trade deficit
Change in Debt/GDP ratio

Ordinary change in foreign debt

Regional Population and Labour Markets

Scalar Variables
del_natfm
del_natg

del_natunr

delf_rm
delf_rm_0O
natlabsup

natemploy

Ordinary change in national net foreign migration.
Ordinary change in national net natural population.

Percentage-point change in the national
unemployment rate
Shift variable in equation E_rm_addup

Shift variable in equation E_rm_0
National labour supply.
National employment.

....Table 2.2. continued
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Variable Subscrip Number Description
Range

Vector Variables

del_fm, qORDES 8 Ordinary change in regional net foreign migration.
del_g, qCORDES 8 Ordinary change in regional net natural population.
del_rm, qURDES 8 Ordinary change in net interregional migration.
del_rm_Q qCURDES 8 Exogenous forecast of interregional migration
delrpfudgg qORDES 8 Dummy variable in equation E_del_rm.
del_ung, qORDES 8 Percentage-point change in regional unemploy rate
employ, qURDES 8 Regional employment: persons.
flq qURDES 8 Shift variable in equation E_remploy_interf.
f_pop, qORDES 8 Shift variable in equation E_del_rm.
f_wpop, qORDES 8 Shift variable in equation E_wpop
f_ghous, qORDES 8 Shift variable in equation E_pop_interf
poR, qCURDES 8 Regional population
Pry qURDES 8 Regional workforce participation rate

8

wpop, qURDES Regional population of working age
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Table 2.3. The MMRF Coefficients and Parameters

Coefficient Description Value

olC Elasticity of substitution between Arbitrarily set at five times the value of the
regional sources of good i for use as elasticity of substitution between domestic
an input in production. goods and foreign imported goods:

SlA1,s,j,q Share of purchasers-price value of The numerator of this share, for the ﬁgjq
good i from regional source s in element (s# 9), is the sum of the
industry j in region g's total corresponding elements of the BAS1, MAR1
purchases of good i from domestic and TAX1 matrices. The denominator is the
sources for use in production sum, over the 8 s regional sources (i.e., for all

s; s# 9), ofthe sum of the isfa elements of
BAS1, MAR1 and TAX1.

010, Elasticity of substitution between Econometric estimate from MONASH model.
domestic composite and foreign
import of good i for use as an input in
production.

PVALlOi’J-’q Purchaser's value of domestic The ithh value is the sum, over the @ll
composite and foreign import of gooddomestic plus foreign) sources, of the sum of
i as an input the fH industry's the isjdh elements of BAS1, MAR1 and
production. TAX1.

PVALlAi’S’J-‘q Purchaser's value of good i from the The isthh value (s = 1,...,9) ithe sum of the
dh source (s=1,..,9)as aninputin corresponding elements of the BAS1, MAR1
the jcfh industry's production. and TAX1 matrices. Dividing byPVAL10,

forms the share of the“i’sgood in the firm's
total expenditure on the ith good froafl s
sources (s = 1,...,9) for use in production.
0lLAB; , Elasticity of substitution for labour of Econometric estimate from MONASH model.
m occupational types used as an
inputs to production by industry j in
region q
LABOURJ-'q Total wage bill of the jﬁ‘ industry. Sum of the m elements of LABR for th@jq

LAB_OCC_IND .
m,J.q

Wage bill of the it occupation used
by the jd" industry.

industry. Dividing by TOTFACIND gives the
share of the wage bill in the value-added of the
thh industry.

The jgni" element of LABR. Dividing by
LABOUR gives the share of the wage bill of the
mth occupational group in the total wage bill
of the jd" industry.

....Table 2.3. continued
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Coefficient Description Value

0lFAC, Elasticity of substitution for primary Econometric estimate from MONASH model.
factors (agricultural land, labour and
capital) used as inputs to production
by industry j in region q.

TOTFACINDJ-'q Total cost of primary factors used by Sum of jdh element of coefficient ABOUR
industry j in region q. and the corresponding tﬁh elements of the

CPTL and LAND matrices.

CAPITALJ-'q Value of rentals to capital for The jdh element of the CPTL matrix.
industry j in region q.

LANDJ-’q Value of rentals to agricultural land The thh element of the LAND matrix.
for industry j in region q.

02C, Elasticity of substitution between Arbitrarily set at five times the value of the
regional sources of good i for use as elasticity of substitution between domestic
an input in the creation of capital. goods and foreign imported goods:

020, Elasticity of substitution between Econometric estimate from MONASH model.
domestic composite and foreign
import of good i for use as an input in
creation of capital.

PVAL2TLSSJ—'q Purchaser's value of domestic The sum, over the 8 regional sources (ss =
composite good i as an input théhjq domestic; i.e., foall s; s# 9), ofthe sum of
industry's creation of capital. the isjdh elements of BAS2, MAR2 and

TAX2.

PVAL2Ai’S’J-'q Purchaser's value of good i from the Theisjqth value (s = 1,...,8) ithe sum of the

(in E_p2c) gh regional source (s = 1,...,8) as an corresponding elements of the BAS2, MAR2
input in the j(ﬂh industry's creation of and TAX2 matrices. Dividing byPVAL2T,
capital. forms the share of thetri‘sgood in the firm's

total expenditure on the ith good from all
regional sources (s = 1,...8) the purpose of
capital creation.

PVALZALS’J-‘q Purchaser's value of good i from the The isjqth value (s = 1,...,9) ithe sum of the

(in E_p20) all sources (s = 1,...,9) as an input in corresponding elements of the BAS2, MAR2
the jcfh industry's creation of capital. and TAX2 matrices. Dividing byPVAL20,

forms the share of the“i‘sgood in the firm's
total expenditure on the ith good from all
sources (s 4,...,9)for the purpose of capital
creation.

PVALZOi’J-’q Purchaser's value of domestic The ithh value isthe sum over the 4all

composite and foreign import of gooddomestic plus foreign) sources of the sum of
i as an input thefH industry's capital the isjdh elements of BAS2, MAR2 and
creation. TAX2.

....Table 2.3. continued
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Coefficient Description Value

03C, Elasticity of substitution between Arbitrarily set at five times the value of the
regional sources of good i in regional elasticity of substitution between domestic
household demand. goods and foreign imported goods:

020, Elasticity of substitution between Econometric estimate from MONASH model.
domestic composite and foreign
import of good i in regional
household demand.

PVALST, jomestic.q Purchaser's value of domestic The sum, over the 8 regional sources, of the
composite good i consumed by the sum of the isEi1 elements of BAS3, MAR3
household in region g. and TAX3.

PVAL:%Ai’S’q Purchaser's value of good i from the The isdh value (s = 1,...,8) ithe sum of the

(in E_p3c) gh regional source (s = 1,...,8) corresponding elements of the BAS3, MAR3
consumed by the household in regionand TAX3 matrices. Dividing byPVAL3T,

q. forms the share of the s good in the
household's total expenditure on the ith good
from all regional sources (s = 1,...,8).

PVAL3Ai,s,q Purchaser's value of good i from the The iscﬁh value (s = 1,...,9) ithe sum of the

(in E_p30) all sources (s = 1,...,9) consumed by corresponding elements of the BAS3, MAR3
the household in region g. and TAX3 matrices. Dividing byPVAL30,

forms the share of the %s good in the
household's total expenditure on the ith good
from all sources (s = 1,...,9).

PVAL3Oi’q Purchaser's value of domestic The icfh value is the sum, over the @ll
composite and foreign import of gooddomestic plus foreign) sources of the sum of
i consumed by the household in the isdh elements of BAS3, MAR3 and
region Q. TAX3.

ALPHA_Ii‘q Supernumerary expenditure on good The formula for ALPHA | is
i as a share of supernumerary and ~ ALPHA |, =-(1/FRISCH)x(DELTA, ,/S3COM )
subsistence expenditure on good i bywhere FRISCH, is an econometrically
the household in region g. estimated parameter taken from the

MONASH model database, am#LTA, , and
s3coM,, are described below.

DELTALq Marginal household budget share of Econometric estimate from MONASH model.
good i in total marginal expenditure
by the household in region q.

S3COM 4 Share of good i in total household  The formula fors3com , is

expenditure by the household in S3COM, = PVAL3Q, ,/AGGCON,
region q. where PVAL30O,, is described above and
AGGCON, is described below.

....Table 2.3. continued
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Coefficient Description Value
EXP_ELAST, Foreign export demand elasticity of Econometric estimate from MONASH model.
good i.
AGGEXPNT, Total regional non-traditional export The sum, over all non-traditional export
earnings. commodities (1 3,...,13) ofPVAL4R,. (which
is described below).
PVALAR Purchaser's value of non-traditional  The i€ value (i=3,...13, s=1,.,8)is the

(in E_aggnt_p4r)

COST?q

OTHCOS'I]-'q
INVES'I'J-’q

BASJi,s,j,q

TAXli,s,j,q

MARli,s,j,q,r

BASZi,s,j,q

export good i (i = 3,...13) from thd's sum of the corresponding elements of the

regional source (s = 1,...,8) consumedAS4, MAR4 and TAX4 matrices. Dividing

foreigners. by AGGEXPNT, forms the share of th& igood
in the foreigners expenditure on thk goods
from region s (s = 1,...,8).

Total costs of production in industry j The jdh value isthe sum over the qall

in region q domestic plus foreign) sources of the sum of
the isjdh elements of the BAS1, MAR1 and
TAX1 matrices, plus the sum over m
occupational types of the corresponding
element of the LABR matrix, plus the
corresponding elements @PTL andOCTS

matrices.
Other cost tickets paid by industry j The jdh value isthe corresponding element in
in region q. the OCTS matrix.
Value of total capital created for The thh value is the sum overi (i = 1,...,13) of
industry j in region g. PVAL20.

Basic value of good i from source s The isjqth value isthe corresponding element
(domestic and foreign) used in in the BAS1 matrix.

production by industry j in region q.

Value of commodity taxes paid on  The isjqth value isthe corresponding element
good i from source s (domestic and in the TAX1 matrix.

foreign) used in production by

industry j in region g.

Value of expenditure on margin The isjqfh value isthe corresponding element
commodity r, to facilitate the transfer in the MAR1 matrix.

of good i from source s (domestic and

foreign) to industry j in region q to be

used in production.

Basic value of good i from source s The isjqth value isthe corresponding element
(domestic and foreign) used in capitain the BAS2 matrix.

creation by industry j in region q.

....Table 2.3. continued
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Coefficient Description Value
TAXZi,s,j,q Value of commodity taxes paid on  The isjqth value isthe corresponding element
good i from source s (domestic and in the TAX2 matrix.
foreign) used in capital creation by
industry j in region g.
MARZiVS‘m’r Value of expenditure on margin The isquh value isthe corresponding element
commodity r, to facilitate the transfer in the MAR2 matrix.
of good i from source s (domestic and
foreign) to industry j in region q to be
used in capital creation.
BAS:’ﬁ’S’q Basic value of good i from source s The isdh value isthe corresponding element
(domestic and foreign) consumed by in the BAS3 matrix.
the household in region q.
TAX3ivqu Value of commodity taxes paid on  The isdh value isthe corresponding element
good i from source s (domestic and in the TAX3 matrix.
foreign) consumed by the household
in region g.
MAR3i’S’qu Value of expenditure on margin The isqfh value isthe corresponding element
commodity r, to facilitate the transfer in the MAR3 matrix.
of good i from source s (domestic and
foreign) to the household in region q.
PVALAR Purchaser's value of good i (i = The id" value (i=1,.13,s=1,.,8) is the
(in E_pan) 1,...13) from the'8 regional source  sum of the corresponding elements of the
(s =1,...,8) consumed foreigners. BAS4, MAR4 and TAX4 matrices.
BAS4|‘s Basic value of good i from source s The id" value isthe corresponding element in
(domestic and foreign) sold to the  the BAS4 matrix.
foreigner.
TAX4i's Value of commodity taxes paid on  The idh value isthe corresponding element in
good i from source s (domestic and the TAX4 matrix.
foreign) sold to the foreigner.
MAR4LS’r Value of expenditure on margin The isf" value is the corresponding element in

commodity r, to facilitate the transfer the MAR4 matrix.
of good i from source s (domestic and

foreign) to the Australian port of

departure for shipment to the foreign

consumer.

....Table 2.3. continued
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Coefficient

Description Value

PVALBA, _ .

BASS, ¢

TAX5i,s,q

MARSi,s,q,r

PVALGA, _ .

BASGI’S’q

TAXGi,s,q

MARei,s,q,r

Purchaser's value of good i (i = The isdh value is the sum of the
1,...13) from the source (domestic corresponding elements of the BAS5, MARS
and foreign) to be used by the and TAX5 matrices.

regional government in region g.

Basic value of good i from source s The isdh value isthe corresponding element
(domestic and foreign) consumed by in the BAS5 matrix.

the regional government in region q.

Value of commodity taxes paid on  The iscﬁh value isthe corresponding element
good i from source s (domestic and in the TAX5 matrix.

foreign) consumed by the regional

government in region q.

Value of expenditure on margin The isqFh value isthe corresponding element
commodity r, to facilitate the transfer in the MAR5 matrix.

of good i from source s (domestic and

foreign) to the regional government

in region q.

Purchaser's value of good i (i = The iscﬁh value is the sum of the
1,...13) from the'8 source (domestic corresponding elements of the BAS5, MAR5S
and foreign) to be used by the and TAX6 matrices.

Federal government in region q.

Basic value of good i from source s The isdh value isthe corresponding element
(domestic and foreign) consumed by in the BAS6 matrix.

the Federal government in region q.

Value of commodity taxes paid on  The isdh value isthe corresponding element
good i from source s (domestic and in the TAX6 matrix.

foreign) consumed by the Federal

government in region q.

Value of expenditure on margin The isqfh value isthe corresponding element
commaodity r, to facilitate the transfer in the MAR6 matrix.

of good i from source s (domestic and

foreign) to the Federal government in

region Q.

....Table 2.3. continued
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Coefficient Description Value
SALESr's Total value of sales received by the The rdh value isthe sum of sales for direct
(in E_mkt_clear_ producer of theth margin usage and sales for use as a margin. The direct
margins) commodity produced in thds sales are the sum of: the sum over j industries
region. Note that we distinguish two and q regions of the corresponding q%jq
purposes for which margin elements of the BAS1 and BAS2 matrices (for
commodities are purchased (i) for i = r); the sum over q regions of the
direct usage and (ii) to facilitate corresponding iéﬂ elements of the BAS3,
trade. Our convention regarding the BAS5 and BAS6 matrices (for i = r); and the
second form of usage is that the corresponding element the BAS4 matrix (for r
margin commodity is produced by = i). For the margin sales component, we are
the corresponding margin industry in adding the purchases of thdh rmargin
the purchasing region of the traded commodity facilitating the transfer of all i
commodity. commodities from all ss (regional and foreign)
sources to be used by (i) the j industries in the
qth region (MAR1 and MAR2); (i) the
household in thetﬂ region (MAR3); (i) the
governments in the ”81 region (MAR5 and
MARSG); and the exporter in thdlqwhere it is
assumed that thetrh region is the region
producing the margin (i.e., for g = s).
SALESLS Total value of sales received by the The rdh value isthe sum of: the sum over j

(in E_mkt_clear_
nonmargins)

IMPORTS

AGGTAqu

AGGTAXZq

producer of theh nonmargin
commodity produced in thd's
region. Note that nonmargin
commodities are purchased only for
direct usage.

Total basic-value imports of good i
into region q.

Sales tax on current production
collected in region g.

industries and q regions of the @j@lements
of the BAS1 and BAS2 matrices (for i = r);
the sum over q regions of thetl%qelements of
the BAS3, BAS5 and BAS6 matrices (for i =
r); and the corresponding element the BAS4
matrix (for r =1i).

The icfh value isthe sum of: the sum over j
industries of the corresponding i‘!;]q(s =
foreign) elements of the BAS1 and BAS2
matrices; and (ii) the corresponding “ihq
elements of BAS3, BAS5 and BAS6.

The 4" value is the sum over i, s (sk...,9)
and j of the corresponding igj“qelements of
the TAX1 matrix.

Sales tax on capital creation collectedrhe dh value is the sum over i, s (sI...,9)

in region q.

and j of the corresponding iéﬁhelements of
the TAX2 matrix.

....Table 2.3. continued
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Coefficient Description Value
AGGTAX:%q Sales tax on household consumption The dh value is the sum over i and s (s =
collected in region q. 1,...,9) ofthe corresponding ig?] elements of
the TAX3 matrix.
AGGTAX4q Sales tax on exports collected in The dh value is the sum over i, for s = q, of
region q. the corresponding FE elements of thdAX4
matrix.
AGGTAXSq Sales tax on regional government  The dh value is the sum over i and s (s =
consumption collected in region q.  1,...,9) ofthe corresponding i%'h elements of
the TAX5 matrix.
AGGTAXGq Sales tax on Federal government ~ The dh value is the sum over i and s (s =
consumption collected in region q.  1,...,9) ofthe corresponding igh elements of
the TAX6 matrix.
AGGCAPq Total payments to capital in region q. Thdh galue is the sum over j of the
corresponding j@ elements o€APITAL, ..
AGGLABq Total payments to labour in region q. Thdh value is the sum over j of the
corresponding jll.f elements of ABOUR, .
AGGLNDq Total payments to agricultural land The dh value is the sum over j of the
in region q. corresponding jﬂf elements ofAND; ..
AGGOCTq Total payments to other cost tickets The dh value is the sum over j of the
in region q. corresponding jﬂf elements 0DTHCOST, ..
AGGTA)(q Aggregate indirect tax revenue The dh value isthe sum of the corresponding
collected by region q. qth elements of AGGTAX1 ,, AGGTAX2 ,
AGGTAX3,, andAGGTAX5 ..
TARIFFi’q The value of tariffs collected on good The idh value isthe corresponding element in
i in region q. theMMRF database fil#ARF.
AGGTAXMq The total value of tariffs collected in The dh value is the sum over i of the
region q. corresponding ﬂﬁ' elements of ARIFF, .
AGGCONq Total value in purchaser's prices of The dh value is the sum over i of the
household expenditure in region q.  corresponding ﬁﬁ‘ elements oPVAL30O, .
AGGINVq Total value in purchaser's prices of The dh value is the sum over i of the
capital creation in region g. corresponding Hf elements ofNVEST, .
AGGOTH5q Total value in purchaser's prices of The dh value is the sum over i and s of the
regional government expenditure in - corresponding iéa elements oPVAL5A, _ .
region Q.
AGGOTHGq Total value in purchaser's prices of The dh value is the sum over i and s of the

Federal government expenditure in
region q.

corresponding i<h elements OPVALGA, _ .

....Table 2.3. continued
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Coefficient Description Value
C_XSFLOqu Basic value of inter and intra The sdh value isthe sum of: the sum over i
regional trade flows. and j of the corresponding ié'jbelements of
BASL ., the sum over i and j of the
corresponding isff elements OfBAS2 ;s
and the sum over i of the correspondindhisq
elements oBAS3 _ ,andBASS, _ ,
C_XSEXFR Total value of interregional exports The & value isthe difference between the
from region s. sum over q of the correspondindhsqlements
of C_XSFLO and the corresponding s
element ofc_XSFLQ
C_XSIMPq Total value of interregional imports  The dh value isthe difference between the
to region g. sum over s of the correspondindhsqlements
of C_XSFLO and the corresponding tﬂq
element ofC_XSFLQ
AGGEXPq Total value of export earnings in The dh value is the sum over i of
region q. corresponding ﬁff elements oPVAL4R.
IMPCOSTLq Total ex-duty value of imports of The idh value isthe sum of: the sum over j of
good i to region g. the corresponding isﬁ'ﬁ]elements (s = foreign)
of the BAS1 and BAS2 matrices; and the
corresponding iéﬂ elements (s = foreign) of
theBAS3, BAS5 andBAS6 matrices
AGGIMPq Total value of foriegn import The dh value is the sum over i of
expenditures in region q. corresponding ﬂﬁ' elements ofMPCOST.
TOTFACq Total primary factor payments in The dh value isthe sum of the corresponding
region Q. elements oAGGLAB, AGGCAP andAGGLND.
LAB_OCCm’q Total labour bill in occupation min  The m(ﬁh value is the sum over j of the
region q. corresponding mfﬂ elements of
LAB_OCC_IND.
NAT coefficients All coefficients with the NAT prefix Example:
are national add-ups formed by
summing across the ¢ elements of thdNATAGGTAX1 = §AGGTAX1,
corresponding regional variable. g=1
NATGDPIN National GDP from the income side. The sSUmMN&TTOTFAC, NATAGGOCT and
NATAGGTAX.
NATGDPEX National GDP from the expenditure The sum oNATAGGCON, NATAGGINV,

side.

NATAGGOTHS5, NATAGGOTH6, NATAGGEXP
and NATAGGIMP.

....Table 2.3. continued
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Coefficient Description Value
C_ZOl_I_I?q Industry by region value of wages,The jdh value isthe corresponding element in
salaries and supplements. theMMRF database fil€z01.
C_ZOl_Fg] Regional value of wages, salaries and’he dh value is the sum, over j, of the
supplements. corresponding j@ elements o€_z01_|_R
C_ZOZ_I_I?q Industry by region value of imputed The thh value isthe corresponding element in
wages. theMMRF database fil&z02.
C_ZOZ_R1 Regional value of imputed wages. Théh alue is the sum, over j, of the
corresponding jﬂf elements o€_z02_|_R.
C_ZOS_I_qu Industry by region value of payroll The jdh value isthe corresponding element in
taxes theMMRF database fil&€z03.
C_ZOS_% Regional value of payroll taxes. Théhqvalue is the sum, over j, of the
corresponding j@ elements o€_z03_|_R.
C_z03 National value of payroll taxes. The sum of the elements n63_R.
C_ZO4_I_3 q Industry by region value of returns toThe jdh value isthe corresponding element in
fixed capital. theMMRF database fil&z04.
C_ZO4_31 Regional value of returns téxed The dh value is the sum, over j, of the
capital. corresponding j\ﬁ' elements o€_z04_|_R.
C_ZOS_I_l?q Industry by region value of property The jqth value isthe corresponding element in
taxes theMMRF database fil&z05.
C_ZOS_R1 Regional value of property taxes. Thdh walue is the sum, over j, of the
corresponding jﬁ' elements o€_z05_|_R.
C_z05 National value of property taxes. The sum of the elementtszef5_R.
C_ZOB_I_l?q Industry by region value of returns toThe jdh value isthe corresponding element in
agricultural land. theMMRF database fil&z06.
C_ZOB_I% Regional value of returns to The dh value is the sum, over j, of the
agricultural land. corresponding j@ elements o€_z06_|_R.
C_ZO?_I_Ffq Industry by region value of land The thh value isthe corresponding element in
taxes. theMMRF database fil€z07.
C_ZO7_F51 Regional value of land taxes. Théh gvalue is the sum, over j, of the
corresponding jﬂf elements o€_z07_|_R.
C_z0o7 National value of land taxes. The sum of the elements 267_R.
C_ZOS_I_I? q Industry by region value of returns toThe jdh value isthe corresponding element in
working capital. the MMRF database fil€z08.
C_ZOS_F%I Regional value of returns working The dh value is the sum, over j, of the
capital. corresponding j@ elements o€_z08_|_R.
C_ZOQ_I_I?q Industry by region value of other The jdh value isthe corresponding element in
indirect taxes. theMMRF database fil€z09.
C_ZOQ_R1 Regional value of other indirect The dh value is the sum, over j, of the

taxes. corresponding jﬂf elements of_z09_|_R.

....Table 2.3. continued
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Coefficient Description Value
C_z09 National value of other indirect The sum of the elements©fz09 R.
taxes.
C_ZOlO_I_I%q Industry by region value of sales byThe jcfh value isthe corresponding element in
final buyers. the MMRF database fil€z010.
C_ZOlO_I%‘ Regional value of sales by final The dh value is the sum, over j, of the
buyers. corresponding jﬂf elements o€_z010_I_R.
C_z010 National value of sales by final The sum of the elements©fz010_R.
buyers.
C_ZG_R1 Regional value gross operatingThe dh value is the sum of the corresponding
surplus. elements o€_z02_R, C_z04_R, C_z06_&nd
C_Z08_R.
C_ZT_Rq Regional value production taxes. THB plue is the sum of the corresponding
elements o€_z03 R, C_z05 R, C_z07_&nd
C_709 R.
C_DOMPYOOQI Gross regional product: income side. Tﬁré\qalue isthe corresponding element in
theMMRF database fil®A01.
C_DOMPYlOQI Regional wages, salaries andThe dh value isthe corresponding element in
supplements. theMMRF database fil®A02.
C_DOMPYllQ] Regional disposable wage income. Tl%\qalue isthe corresponding element in
theMMRF database fil@A03.
C_DOMPYlZQ@| RegionalPAYE taxes. The Eﬂ‘ value isthe corresponding element in
theMMRF database fil®A04.
C_DOMPYZOQI Regional GOS : non-wage primary The dh value isthe corresponding element in
factor income. theMMRF database fil®A05.
C_DOMPY21QI Regional  disposable  non-wageThe dh value isthe corresponding element in
income. theMMRF database fil®A06.
C_DOMPYZZ(,}I Regional tax collected on non-wageThe dh value isthe corresponding element in
income. theMMRF database fil®A07.
C_DOMPYBOQl Regional indirect taxes less subsidies. TWevqlue isthe corresponding element in
theMMRF database fil®A08.
C_DOMPY31Ql Regional collection of tariff revenue. Thg‘q/alue isthe corresponding element in
theMMRF database fil@A09.
C_DOMPY32Q®| Regional tax collected on otherThe dh value isthe corresponding element in
indirect taxes and subsidies. theMMRF database fil@A10.
C_DOMPY33(;11 Regional collection of production The dh value isthe corresponding element in
taxes. theMMRF database fil®A11.
C_DOMPQOOQ Gross regional product: expenditureThe dh value isthe corresponding element in
side. theMMRF database fil®A12.
C_DOMPQlOg Regional domestic absorption. Th galue isthe corresponding element in

the MMRF database fil@A13.

....Table 2.3. continued



Theoretical structure of MONASH-MRF 115

Coefficient Description Value

C_DOMPQllQ Regional private consumption. The alue isthe corresponding element in
theMMRF database fil®A14.

C_DOMPQlZg Regional private investment. Th@q/alue isthe corresponding element in
theMMRF database fil®A15.

C_DOMPQ139 Regional-government consumption. THB alue isthe corresponding element in
theMMRF database fil@A16.

C_DOMPQ14Q Federal-government consumption. THe vplue isthe corresponding element in
theMMRF database fil@A17.

C_DOMPQlSQ Government investment. Théhq/alue isthe corresponding element in
theMMRF database fil®A18.

C_DOMPQZOQ Interregional trade balance. Thed galue isthe corresponding element in
theMMRF database fil®A19.

C_DOMPQZlQ Interregional exports. Theﬁhvalue isthe corresponding element in
theMMRF database fil®A20.

C_DOMPQZZQ Interregional imports. The”ﬁvalue isthe corresponding element in
theMMRF database fil®A21.

C_DOMPQ309 Regional international trade balance. Tﬁé\qalue isthe corresponding element in
theMMRF database fil@A22.

C_DOMPQ319 Regional international exports. Thid galue isthe corresponding element in
theMMRF database fil@A23.

C_DOMPQ329 Regional international imports. Théhq/alue isthe corresponding element in
theMMRF database fil®A24.

C_TI National collection of commodity The sum of the elements ©f DOMPY320

taxes less subsidies (excluding
tariffs).

C_YN National nominal GDP. The sum of the elements_ dSOMPY000

C_YF National nominal GDP at factor cost. ~ The sum of the elemetsDadMPY100and
C_DOMPY200

NATBT National nominal trade balance The sum of the elemer@smdMPQ300

C_TY National income tax collection. The sum of the elements bloMPY120and
C_DOMPY220

C_YL National pre-tax wage income. The sum of the elemer@s@OMPY100

C_YLSTAR National post-tax wage income. The sum of the elemertstdMPY110

C_IP_R] Regional nominal private investment. THE galue isthe corresponding element in
theMMRF database fil1102.

C_IP National nominal private investment. ~ The sum of the elemert@tsiBf R

....Table 2.3. continued
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Coefficient

Description

Value

C_IGR,

C_IG

C_SOFTY00gQ
C_SOFTY10Q
C_SOFTY11q
C_SOFTY11},
C_SOFTY113
C_SOFTY12
C_SOFTY12},
C_SOFTY123
C_SOFTY123
C_SOFTY124
C_SOFTY12§
C_SOFTY12g
C_SOFTY13Q
C_SOFTY14Q
C_SOFTY14,
C_SOFTY14

C_SOFTYng

Regional  nominal

government The dh value isthe corresponding element in

investment (by regional and Federathe MMRF database fil103.

governments).
National normal
investment.

SOFT. income-side total.

Government revenue.

Direct taxes.

Income taxes.

Other direct taxes.

Indirect taxes.

Tariff revenue.

Other commodity taxes.

Payroll taxes.

Property taxes.

Land taxes.

Other indirect taxes.

Interest received.

government The sum of the elements©f IG_R

The”bvalue isthe corresponding element in
theMMRF database fil6&A0L.
Théhq/alue isthe corresponding element in
theMMRF database fil&A02.
Theta value isthe corresponding element in
theMMRF database fil&A03.
The“'dvalue isthe corresponding element in
theMMRF database fil&A04.
Thérhvalue isthe corresponding element in
theMMRF database fil&A05.
Thetﬁ value isthe corresponding element in
theMMRF database fil&A06.
Thetﬂ value isthe corresponding element in
theMMRF database fil&A07.
Théhqvalue isthe corresponding element in
theMMRF database fil&A08.
Theta value isthe corresponding element in
theMMRF database fil&A09.
Theﬂhvalue isthe corresponding element in
theMMRF database fil&A10.
Thetﬁ value isthe corresponding element in
theMMRF database fil&A11.
Théhqvalue isthe corresponding element in
theMMRF database fil&A12.
The”hvalue isthe corresponding element in
theMMRF database fil&A13.

Commonwealth grants to the regions. Tﬁé\mlue isthe corresponding element in

Current grants.

Capital grants.

Other revenue.

the MMRF database fil&A14.

The”hvalue isthe corresponding element in
theMMRF database fil&A15.

The“& value isthe corresponding element in
theMMRF database fil&A16.

Theﬂhvalue isthe corresponding element in
theMMRF database fil&A17.

....Table 2.3. continued
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Coefficient

Description

Value

C_SOFTY20q
C_SOFTY30g
C_SOFTY31q
C_SOFTY32Q
C_SOFTY33Q
C_SOFTQo0Q
C_SOFTQ10Q
C_SOFTQ11Q
C_SOFTQ12Q
C_SOFTQ20
C_SOFTQ21
C_SOFTQ22Q
C_SOFTQ30Q
C_SOFTQ40Q
C_SOFTQ50Q
C_SOFTQ51Q
C_SOFTQ52
C_SOFTQ60Q

C_SUBSIDIES
C_HHLDY000,

Depreciation, general government.

Financing transactions.

Net borrowings.

Increase in provisions.

Other financing transactions.

SOFT. expenditure-side total.

Expenditure on goods and services.

Government consumption.

Government investment.

Personal benefit payments.

Unemployment benefits.

Other personal benefits.

Subsidies.

Interest payments.

Commonwealth grants to regions.

Current grants.

Capital grants.

Other outlays.

Subsidies.

Disposable income.

TH vplue isthe corresponding element in
theMMRF database fil&A18.
Théhq/alue isthe corresponding element in
theMMRF database fil&A19.
Thetﬂ value isthe corresponding element in
theMMRF database fil&A20.
Théhqvalue isthe corresponding element in
theMMRF database fil&A21.
Thi gyalue isthe corresponding element in
theMMRF database fil&A22.
Théhqvalue isthe corresponding element in
theMMRF database fil&A23.
TWequue isthe corresponding element in
theMMRF database fil&A24.
Th@q/alue isthe corresponding element in
theMMRF database fil&A25.
Théhq/alue isthe corresponding element in
theMMRF database fil&A26.
THE galue isthe corresponding element in
theMMRF database fil&A27.
Théhqvalue isthe corresponding element in
theMMRF database fil&A28.
Thg‘qlalue isthe corresponding element in
theMMRF database fil&A29.
Theta value isthe corresponding element in
theMMRF database fil&A30.
Théhqvalue isthe corresponding element in
theMMRF database fil&A31.
THB vplue isthe corresponding element in
theMMRF database fil&A32.
The”hvalue isthe corresponding element in
theMMRF database fil&A33.
Thetﬁvalue isthe corresponding element in
theMMRF database fil&A34.
Thetﬁ value isthe corresponding element in
theMMRF database fil&A35.
The sum of the elements 8OFTQ300

Thérhvalue isthe corresponding element in
theMMRF database fil&lA01.

....Table 2.3. continued
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Coefficient Description Value

C_HHLDY100q Primary factor income. Theﬂhvalue isthe corresponding element in
theMMRF database fil&iA02.

C_HHLDYllOq Wages, salaries and supplements. TtHa/qlue isthe corresponding element in
theMMRF database fil&iA03.

C_HHLDY120q Non-wage primary factor income. Thig yalue isthe corresponding element in
theMMRF database fil&lA04.

C_HHLDY200q Personal benefit receipts. The galue isthe corresponding element in
theMMRF database fil&lA05.

C_HHLDY210q Unemployment benefits. Théhqvalue isthe corresponding element in
theMMRF database fil&iA06.

C_HHLDY220q Other personal benefits. Thg‘qlalue isthe corresponding element in
theMMRF database fil&iA07.

C_HHLDY300q Other income (net). Theﬂhvalue isthe corresponding element in
theMMRF database fil&iA08.

C_HHLDY400q Direct taxes. Thetﬂ value isthe corresponding element in
theMMRF database fil&iA09.

C_HHLDY410q PAYE taxes. The TG value isthe corresponding element in

C_HHLDY420,
C_HHLDY43Q,
C_LABSUR,
C_EMPLOY,
C_HHLDDOO0Y,
C_HHLDDOO0Z,
C_UPB
C_PBP_R
C_PBP

VALK T1;,

theMMRF database fil&lA10.
Taxes on non-wage primary factorThe dh value isthe corresponding element in

income. theMMRF database fil&lA11.

Other direct taxes. Thetrhvalue isthe corresponding element in
theMMRF database filelA12.

Labour supply. Theta value isthe corresponding element in

theMMRF database fil®LBS.
Persons employed. Théhq/alue isthe corresponding element in
theMMRF database filREMP.
Reciprocal of the unemployment rate. Théh value is given by the formula
C_LABSUP/(C_LABSUP-C_EMPLOY).
Reciprocal of the proportion of the The dh value is given by the formula
unemployed to the employed. C_EMPLOY/(C_LABSUP-C_EMPLOY).
National payments of unemploymentThe sum of the elements ©f HHLDY210.
benefits.

Personal benefit payments. THE galue isthe corresponding element in
theMMRF database fil@1104.

National payments of personal The sum of the elements©of PBP_R

benefits.

Assetvalue of the capital stock in The jqth value isthe corresponding element in
period T+1. theMMRF database fil&ALK.

....Table 2.3. continued



Theoretical structure of MONASH-MRF 119

Coefficient Description Value
VALKT iq Assetvalue of the capital stock in The jdh value isthe corresponding element in
period T. the MMRF database fil&/ALK.
VALK_O]-,q Assetvalue of the capital stock in The jcfh value isthe corresponding element in
period 0. the MMRF database fil&/ALK.
INVEST_% Asset value of investment in period 0. Th@j@alue isthe corresponding element of
the coefficienINVEST.
DEF} Depreciation factor, one minus theThe fh value isthe corresponding element in
rate of depreciation. theMMRF database fil®PRC.
K_TERM A constant in equation Its value is given by the formulier(1/T).
E_curcapT1A.
QCOEF,, Ratio of gross to net rate of return. Thg‘jqalue isthe corresponding element in
theMMRF database fil©027.
BETA_R‘-’q Parameter to distribute investmentThe jqth value isthe corresponding element in
Can be thought of as risk premia.  theMMRF database filBETR.
DEBT_RATIO National foreign debt to GDP ratio. Its value is stored inMIMRF databasdile
DGDP.
R_WORLD World real interest rate factor, onelts value is stored in theIMRF databasdile
plus the real world rate of interest. ~ RWLD.
P_GLOBAL Converts $A into ‘real’ terms. It is set equaNTXIM .
BO National real trade deficit in year 0. Its value is given by the formula
(NATAGGIMP-NATAGGEXP+NATXI4-
NATXIM)/P_GLOBAL.
M_DEBT & Constants in the foreign debtFunctions of time; see secti@4.2 for their
N_DEBT accumulation equations. formulas.
C_POFg4 Regional population. Theﬂhvalue isthe corresponding element in
theMMRF database filRPOP.
C_RMq Net interregional migration. Théhqvalue isthe corresponding element in
theMMRF database filRRGM.
C_FMq Net regional foreign migration. Théhqvalue isthe corresponding element in
theMMRF database fil&RFRM.
C_Gq Net regional natural population. Thi galue isthe corresponding element in
theMMRF database filRGRO.
C_PRJq Constant in the population The dh value is given by the formula
accumulation equation. 100T(C_RM+C_FM+C_RM).
C_PA2 Constant in the population Its value is given by the formu(T+1)

C_NATLABSUP
C_NATEMPLOY

accumulation equation.
National labour supply. The sum of the elements 6ABSUP.

National employment: persons. The sum of the elemeitsEMPLOY.
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Table 2.4. Dimensions of MMRF
Set TABLO  Description Elements
Name
CoM CcoM Commodities  13: Agriculture, Mining, Manufacturing,
Public Utilities, Construction, Domestic Trade,
Transport & Communication, Finance,
Housing, Public Services,
Community Services, Personal Services,
Non-competing Imports
RSOU REGSOURCE  Regional sources 8: NSW, Victoria, Queensland,
South Australia, Western Australia, Tasmania,
Northern Territory, ACT
IND IND Industries 13: Same as for COM
RDES REGDEST Regional 8: Same as for RSOU
destinations
occ occ Occupation ~ 8: ASCO categories
types
TEXP TEXP Traditional 2: Agriculture, Mining
exports
NTEXP NTEXP Non-traditional ~ 11: Manufacturing, Public Utilities,
exports Construction, Domestic Trade,
Transport & Communication,
Finance, Housing, Public Services,
Community Services, Personal Services,
Non-competing Imports
ASOU ALLSOURCE Origin of goods  9: Same as RSOU plus foreign
MARG MARCOM Margin 2: Domestic Trade,
commodities ~ Transport & Communication
NONMARG  NONMARCOM Non-margin ~ 11: Agriculture, Mining, Manufacturing,
commodites ~ Public ~ Utilities, Construction, Finance,
Housing, Public Services,
Community Services, Personal Services,
Non-competing Imports
DDES DOMDEST Destination of  9: Same as for RSOU plus ‘Federal’.

goods
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