€661 Jawwng 7 Jaquny ¢awnjo Furndwo)) [BUBULY % dIWOU0dY

08LZ-7960 NSSI

VYolume 3 Number 2 Summer 1993

Economic i
- Financial
Computing

Managing Editor: Dr. H. Motamen-Scobie

A Journal of the European
Economics and Financial Centre




Economic &
Financial
Computing

A Journal of the European Economics and Financial Centre

Managing Editor

Dr. H. Motamen-Scobie,

European Economics and Financial Centre

P.O. Box 2498
London W2 4LE
UK.

Tel: (44) 71 229 0402; Fax: (44) 71221 5118

Editorial Board

Steven Bell, Morgan Grenfell
and Co Ltd, UK

Rex Bergstrom, University of
Essex, UK

Gregory C. Chow, Princeton
University, USA

Maurizio Ciaschini, Urbino
University, [taly

Solomon 1. Cohen, Erasmus
University, The Netherlands

Theodor Gamaletsos, University
of Piraeus, Greece

Paolo Garonna, OECD, Paris,
France

Brian Henry, Bank of England,
London, UK

Hans Werner Holub, University
of Innsbruck, Austria

+Yukio Kaneko, Hiroshima
University of Economics, Japan
Murray C. Kemp, University of
New South Wales, Australia

Lawrence R. Klein, University of
Pennsylvania, USA

Robert Kuenne, Princeton
University, USA

Jean-Baptiste Lesourd,
ESIPSOI,
Marseille, France

Brian Ludlow, Touche-Ross,
London, UK

Peter Nijkamp, Free University
of Amsterdam, The Netherlands
Akira Onishi, Soka University,
Japan

Brian R. Parmenter, University
of Melbourne, Australia

Kerry Patterson, University of
Reading, UK

Lambert Schoonbeek,
University of Groningen, The
Netherlands

Vladimir J. Simunek, St John's
University, USA

+8Sir Richard Stone, Cambridge
University, UK

Derek Terrington, Kleinwort
Benson, UK

Peter Tinsley, Board of
Governors of the Federal
Reserve System, USA

Karl-Heinz Todter,
Bundesbank, Germany

Matti Viren, Bank of Finland,
Finland

Lars Westberg, University of
Goteborg, Sweden

Peggy Wilkins, Citycorp, USA

Publishers Office, Subscription
Sales Office, Advertising Sales Office
European Economics

and Financial Centre

P.O. Box 2498

London W2 4LE

UK.

Tel: (44) 71 229 0402

Fax: (44) 712215118

Economic &Financial Computing
is published quarterly by the

European Economics and Financial

Centre. Volume 3 will comprise four
issues commencing Spring 1993 and
concluding Winter 1993.

ISSN 0962-2780

The annual subscription price (four
issues) is £155.00 for UK and Europe
and £180 for the rest of the world.
Prices include packing and postage to
subscribers. Single copies are £45 for
UK and Europe, £50 for the rest of the
world.

Back issues for the current and past
volumes are available. Please write to
the publishers for details.

US POSTMASTERS: please send
address corrections to the European
Economics and Financial Centre.

Typeset by BRC, London. Printed
in Great Britain by Henry Ling
Ltd., Dorchester.

© European Economics

and Financial Centre.
All rights reserved; no part of this
publication may be reproduced,
stored in a retrieval system, or
transmitted, in any form or by any
means, electronic, mechanical,
photocopying, recording or
otherwise, without the prior
written permission of the
publishers or a licence permitting
restricted copying issued by the
Copyright Licencing Agency Lid.
334 Alfred Place, London WCIE
7DP, UK.

Note for users in the USA: the appearance
of the fee code below indicates the
copyright owner's consent that copies of
the article may be made for personal
and internal usc on the following
conditions, The copier must pay the
stated per copy fee through the
Copyright Clearance Centre Inc,, 21
Congress Street, Salem, MA 01970, USA,
for copying beyond that permitted by
sections 107 and 108 of the US
Copyright Law. For territories ouside
North America, permission should be
sought direct from the copyright
holder. This consent does not extend to
other kinds of copying for general
distribution, for advertising and
promotional purposes, for creating new
collective works, or for resale.
0962-2780/93/%7.50.



MANAGING EDITOR:

Dr. H. Motamen-Scobie ECO nom iC &

European Economics and Financial Centre
P.O.Box 2498

London W2 4LE

UK

ol (44) 71 229 0402 Computing

Fax: (44) 71 221 5118

Financial

. A Journal of the European Economics and Financial Centre
Aims and Scope

Economic and Financial
Computing aims to provide a
forum to present recent advances Volume 3 Number 2 Summer 1993
on the measurement aspects of
economic and  financial
problems. The Journal covers
both the methodological and
practical facets of quantitative
and computational techniques as
applied to economic and

financial issues. It is intended 71 ORANI-F: A General Equ1llbrlum Model
that the Journal will brmg to the Of the Australian Economy

fore high quality research in the J.M. Horridge, B.R. Parmenter and K.R. Pearson
areas, demonstrate applications

of such techniques and capture
the fast growth in this field.

Economic and Financial
Computing is also designed to
identify gaps in the current

CONTENTS

74 Model Structure and Interpretation of Results

119 Using GEMPACK to solve the Model

literature  pertaining to

quantitative  methods in

coonomics, fm‘iirfce and 121 An Illustrative Application: Medium-Term Prospects for
forecasting. It is anticipated that, i

by highlighting the demand for the Australian Economy, 1989-90 to 1995-96

further in-depth analysis to

overcome the existing

133 Appendices

deficiencies, the Journal will
promote new directions for
research in the field.

It is within the scope of the
Journal to publish the latest
research In software
developments as well as some of
the advances in hardware
relevant to the disciplines of
economics and finance.

Other features include book
reviews, conference announcem-
ents, conference reports, and
software reviews.




Conference Announcement

CALL FOR PAPERS

INTERNATIONAL SYMPOSIUM ON ECONOMIC MODELLING

THE WORLD BANK, WASHINGTON, D.C., USA,

22 - 24 JUNE 1994

Organised jointly by the International Trade Division, the World Bank,
Washington, D.C., USA, and the European Economics and Financial
Centre, London, UK.

The symposium is designed to have a fairly broad theme and will present recent
advances in all aspects of economic modelling. It is intended that the Symposium
would act as a forum for new developments in different aspects of economic modelling -
covering national macroeconomic models and related topics, general equilibrium,
methodological aspects of model building, models of international trade in areas such as
regional trade arrangements, trade and environment impact of Uruguay Round; and/or
reports in areas including finance, agriculture, natural resources, dynamic games and
rational and adaptive expectations. It is also one of the aims of this Symposium to
bring closer the work of economic modellers to that of non-modellers. Thus, papers are
invited from the non-technical economists as well as the practitioners.

SUBMISSION OF PAPERS

All participants interested in presenting papers should send a brief abstract ( in
triplicate) to Dr. H. M. Scobie, Director, European Economics and Financial Centre,
P.O. Box 2498, London W2 4LE, UK. (Tel: 071- 229 0402; Fax: 071-221 5118). The
closing date for submissions is 1 November, 1993,

LANGUAGE
The language in which all the papers are presented is English.

ACCOMMODATION
A number of hotels are available in the vicinity of the World Bank, Washington,.D.C. at
reduced rates.

Further details are available from the Secretary, the European Economics and Financial
Centre, P.O. Box 2498, London W2 4LE, UK
(Tel: 071- 229 0402; Fax: 071-221 5118)




Abstract: ORANI is an applied general
equilibrium (AGFE) model of the Australian
economy which is widely used by academics
and by economists in the government and
private sectors. We describe a recent ver-
sion of the model, ORANI-F, which contains
dynamic elements arising from stock/flow
accumulation  relations:  berween  capital
stocks and investment, and between foreign
debt and trade deficits. ORANI-F has been
applied in making medium-term forecasts
for the Australian economy.

Our description of the model's equa-
tions and database is closely integrated with
an explanation of how the model is solved
using the GEMPACK system. The intention
is to provide a convenient starting-point for
those wishing to construct their own AGE
model. A companion disk is available, which
contains a complete model specification and
an executable model solution program.

We conclude with a detailed analvsis
of some typical simulation results.
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ORANI-F: A General Equilibrium Model
of the Australian Economy

J.M. Horridge, B.R. Parmenter and K.R. Pearson
Centre of Policy Studies and Impact Project, Monash University, Australia

1. Introduction

ORANTI is an applied general equilibrium (AGE) model of the Australian
economy which was first developed in the late 1970s as part of the govern-
ment-sponsored IMPACT project (Powell, 1977; Dixon, Parmenter, Ryland
and Sutton, 1977; Dixon, Parmenter, Sutton and Vincent (DPSV), 1982).
The model has been widely used in Australia as a tool for practical policy
analysis by academics, and by economists employed in government depart-
ments and in the private sector (Parmenter and Meagher, 1985; Powell and
Lawson, 1989, Powell, 1991; Vincent, 1989). Initial versions of the model
were static, with applications confined to comparative-static analysis. More
recently, we have developed a version of the model (ORANI-F) containing
dynamic elements, arising from stock/flow accumulation relations: between
capital stocks and investment, and between foreign debt and trade deficits.
ORANI-F has been applied in making medium-term forecasts for the
Australian economy (e.g., Dixon and Parmenter, 1988; Adams, Dixon, Par-
menter and Peter, 1991).

In this volume, we describe a generic version of ORANI-F. 1t has the
AGE structure of the original comparative-static ORANI model and the
minimal dynamics which were added for the forecasting version. The ver-
sion of ORANI-F described by Parmenter (1988) included a detailed
national- and government-accounts module. This has been omitted from the
generic version described here.

GEMPACK is a flexible system for solving AGE models which is used
to formulate and solve ORANI-F (Codsi and Pearson, 1988). GEMPACK
automates the process of translating the model specification into a mode]
solution program. The GEMPACK user needs no programming skills.
Instead, he/she creates a text file, listing the equations of the model. The
syntax of this file resembles ordinary algebraic notation. The GEMPACK
program TABLO then translates this text file into a model-specific FOR-
TRAN program, which, when executed, solves the model.
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The documentation in this volume is designed to serve as a template for
researchers who may wish to construct a model like ORANI-F using the
GEMPACK software. It consists of:

e an outline of the structure of the model and of the appropriate interpre-
tations of the results of comparative-static and forecasting simulations;

e adescription of the solution procedure;

e a brief description of the data, emphasising the general features of the
data structure required for such a model;

e a complete description of the theoretical specification of the model
framed around the TABLQO Input file which implements the model in
GEMPACK;

e a guide to the GEMPACK system, covering PC and mainframe versions;
and

e an illustrative application.

A computer diskette complements this document. It may be obtained at
small costi—see Appendix B. The diskette contains the 22-sector ORANI-F
TABLO Input file and an executable version of the model. It allows solution
of the model presented here, but does not contain the full GEMPACK
system which would be required to implement changes to the model. To
order the full GEMPACK, sec Appendix C.

2. Model Structure and Interpretation of Results

ORANI, which is the core of ORANI-F, has a theoretical structure which 1s
typical of an AGE model. It consists of equations describing, for some time
period:

producers' demands for produced inputs and primary factors;

producers' supplics of commodities;

demands for inputs to capital formation:

household demands;

export demands;

government demands;

the relationship of basic values to production costs and to purchasers'
prices;

e market-clearing conditions for commodities and primary factors; and

* numerous macroeconomic variables and price indices.

Demand and supply equations for private-sector agents are derived from the
solutions to the optimisation problems (cost minimisation, utility maximisa-
tion, etc.) which are assumed to underlie the behaviour of the agents in
conventional neoclassical microeconomics. The agents are assumed to be
price takers, with producers operating in competitive markets which prevent
the earning of pure profits.

In addition to this static core, ORANI-F includes several accumulation
relationships which link the values of stocks (capital by industry and net
foreign debt) over time, relating them to initial conditions and to the values
of the relevant accumulating flows (investment and depreciation by industry,
and foreign borrowing).

Summer 1993 - Economic and Financial Computing



Figure 1. Comparative-static interpreta-
tion of results

Cooper R, MclLaren K and Powell A (1985)
Macroeconomic  Closure in  Applied
General Equilibrium Modelling: Experience
from ORANI and Agenda for Further
Research, in J. Piggot and J. Whalley
(eds), New Developments in Applied
General Equilibrium Analysis, New York:
Cambridge University Press.
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2.1. A comparative-static interpretation of model results

Like the majority of AGE models, ORANI was designed originally for
comparative-static simulations. Its equations and variables, which are des-
cribed in detail in Section 4, all refer implicitly to the economy at some
future time period.

This interpretation is illustrated by Figure 1, which graphs the values of
some variable, say employment, against time. A is the level of employment
in the base period (period 0) and B is the level which it would attain in T
years time if some policy—say a tariff change—were nor implemented. With
the tariff change, employment would reach C, all other things being equal. In
a comparative-static simulation, ORANI might generate the percentage
change in employment 100(C-B)/B, showing how employment in period T
would be affected by the tariff change alone.

Employment
cr 'T
," Change
| IR
AL-:Z:::'___—
- years
0 T

Many comparative-static ORANI simulations have analysed the short-
run effects of policy changes. For these simulations, capital stocks have
usually been held at their pre-shock levels. Econometric evidence suggests
that a short-run equilibrium will be reached in about two years, i.e., T=2
(Cooper, McLaren and Powell, 1985). Other simulations have adopted the
long-run assumption that capital stocks will have adjusted to restore
(exogenous) rates of return—this might take 10 or 20 years, i.c., T=10 or 20.
In either case, only the choice of closure and the interpretation of results bear
on the timing of changes: the model itself is atemporal. Consequently it tells
us nothing of adjustment paths, shown as dotted lines in Figure |.
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Figure 2. Forecasting interpretation of
results

Johansen L (1960) A Multisectoral Model
of Economic Growth, Amsterdam:North-
Holland, (2nd edition 1974).
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2.2. A forecasting interpretation of model results

The comparative-static interpretation of ORANI results lends itself to
policy analysis. Business and government planners, however, require
forecasts of industry outputs, prices and other variables to inform their
investment decisions. The forecasting interpretation of ORANI results is
shown in Figure 2. As before, the model generates percentage changes in its
variables but in this case they are interpreted as 100(D-A)/A, comparing the
values of the variables at two 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 effects of all exogenous changes assumed to occur over the simulation
period O to T.

Employment
DI T
L’ Change
Ab- "~ - 4
' years
0 T

3. The Percentage-Change Approach to Model Solution

Many of the ORANI-F equations are non-linear—demands depend on price
ratios, for example. However, following Johansen (1960), the model is
solved by representing it as a series of linear equations relating percentage
changes in model variables. This section explains how the linearised form
can be used to generate exact solutions of the underlying, non-linear,
equations, as well as to compute linear approximations to those solutions.

A typical AGE model can be represented in the levels as:

F(Y.X)=0, (D
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Figure 3. Linearisation error

ORANI-F: A General Equilibrium Model of the Australian Economy

where Y is a vector of endogenous variables, X is a vector of exogenous
variables and F is a system of non-linear functions. The problem is to com-
pute Y, given X. Normally we cannot write Y as an explicit function of X.

Several techniques have been devised for computing Y. The linearised
approach starts by assuming that we already possess some solution to the
system, {Y9 X0}, ie.,

F(Y° X% = 0. . (2)

Normally the initial solution {Y9,X0} is drawn from historical data—we
assume that our equation system was true for some point in the past. With
conventional assumptions about the form of the F function it will be true that
for small changes dY and dX:

Fy(Y.X)dY + Fy (Y, X)dX =0, (3)
where Fy and Fy are matrices of the derivatives of F with respect to Y and
X, evaluated at {Y%X9). For reasons explained below, we find it more

convenient to express dY and dX as small percentage changes y and x. Thus
y and x, some typical elements of y and x, are given by:

y=100dY/Y and x=100dX/X. 4)
Correspondingly, we define:

Gy(Y.X) = F (Y. X)¥ and Gy (Y.X) = F (Y. XX, (5)
where ¥ and X are diagonal matrices. Hence the linearised system becomes:

Gy (Y. X)y + G (Y. X)x = 0. (6)

Such systems are easy for computers to solve, using standard techniques of
linear algebra. But they are accurate only for small changes in Y and X.
Otherwise, linearisation error may occur. The error is illustrated by Figure 3,
which shows how some endogenous variable Y changes as an exogenous
variable X moves from X° to X'. The true, non-linear relation between X
and Y is shown as a curve. The linear, or first-order, approximation:

y = - GUY.X) Gy (Y. X0x 7)

leads to the Johansen estimate Y'—an approximation to the true answer,
YCX'AC[.

Y

v 1 step
A
dy

Ly exact Exact
0
Y*4
1 1
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Figure 4. Multistep process to reduce
linearisation error
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Figure 3 suggests that, the larger is x, the greater is the proportional
error in y. This observation leads to the idea of breaking large changes in X
into a number of steps, as shown in Figure 4. For each sub-change in X, we
use the linear approximation to derive the consequent sub-change in Y.
Then, using the new values of X and Y, we recompute the coefficient
matrices Gy and Gy. The process is repeated for each step. If we use 3 steps
(see Figure 4), the final value of Y, Y3, is closer to Y¢*#t than was the
Johansen estimate Y. We can show, in fact, that given sensible restrictions
on the derivatives of F(Y,X), we can obtain a solution as accurate as we like
by dividing the process into sufficiently many steps.

Y

Y 1 step
Y2 Vs 3 step
Y

-y exact Exact
Y°

XF
1 | | 1 X

X0 X! X? X3

The technique illustrated in Figure 4, known as the Euler method, is the
simplest of several related techniques of numerical integration—the process
of using differential equations (change formulae) to move from one solution
to another. GEMPACK offers the choice of several such techniques. Each
requires the user to supply an initial solution {Y9,X%}, formulae for the
derivative matrices Gy and Gy, and the total percentage change in the
exogenous variables, x. The levels functional form, F(Y,X), need not be
specified, although it underlies Gy and G.

The accuracy of multistep solution techniques can be improved by
extrapolation. Suppose the same experiment were repeated using 4-step, 8-
step and 16-step Euler computations, yielding the following estimates for the
total percentage change in some endogenous variable Y:

y(4-step) =4.5%,

y(8-step)  =4.3% (0.2% less), and

y(l6-step) =4.2% (0.1% less).

Extrapolation suggests that the 32-step solution would be:

y(32-step) =4.15% (0.05% less),
and that the exact solution would be:

y(oo-step) =4.1%.

The extrapolated result requires 28 (= 4+8+16) steps to compute but would
normally be more accurate than that given by a single 28-step computation.
Alternatively, extrapolation enables us to obtain given accuracy with fewer
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steps. As we noted above, each step of a multi-step solution requires: com-
putation from data of the percentage-change derivative matrices Gy and Gy;
solution of the linear system (6); and use of that solution to update the data
(X,Y).

In practice, for typical AGE models, it is unnecessary, during a multistep
computation, to record values for every element in X and Y. Instead, we can
define a set of data coefficients V, which are functions of X and Y, i.e.,
V = H(X.Y). Most elements of V are simple cost or expenditure flows such
as appear in input-output tables. Gy and Gy turn out to be simple functions
of V; often indeed identical to elements of V. After each small change, V is
updated using the formula v = Hy(X,Y)y + Hy(X,Y)x. The advantages of
storing V, rather than X and Y, are twofold:

e the expressions for Gy and Gy in terms of V tend to be simple, often far
simpler than the original F functions; and

e there are fewer elements in V than in X and Y (e.g., instead of storing
prices and quantities separately. we store merely their products, the
values of commodity or factor flows).

3.1. Levels and linearised systems compared: a small example

To illustrate the convenience of the linear approach, we consider a very
small equation system: the CES input demand equations for a producer who
makes output Z from N inputs X, k=1-N, with prices Py. In the levels the
equations are (see Appendix A):

1/(p~1) Pk —1/(p+1)
Xk = Z SI\ [P s

ave

k=ILN (8

N
[/(p+ 1) _p/ —(p+1)/p
where P = (z 5/ )Pip (p+1)) _ ©)
=1

The 9y and p are behavioural parameters. To solve the model in the levels,
the values of the &, are normally found from historical flows data, V|, =P, X,
presumed consistent with the equation system and with some externally
given value for p. This process is called calibration. To fix the Xy, it is usual
to assign arbitrary values to the P, say 1. This merely sets convenient units
for the X (base-period-dollars-worth). p is normally given by econometric
estimates of the elasticity of substitution, ¢ (=1/(p+1)). With the P, X, Z
and p known, the §; can be deduced.

In the solution phase of the levels model, 6, and p are fixed at their
calibrated values. The solution algorithm attempts to find Py, X, and Z
consistent with the levels equations and with other exogenous restrictions.
Typically this will involve repeated evaluation of both (8) and (9)—
corresponding to F(Y,X)—and of derivatives which come from these
equations—corresponding to Fy, and Fy.

The percentage-change approach is far simpler. Corresponding to (8)
and (9), the linearised equations are (see Appendices A and E):
k=1,N

Xk =2- G(pk - pave)’ (10)

N N
and Pave Zvi = Zvipi’
i=] 1=1

(1
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Since percentage changes have no units, the calibration phase—which
amounts to an arbitrary choice of units—is not required. For the same reason
the &, parameters do not appear. However, the flows data V, again form the
starting point. After each change they are updated by:

Vk,new :Vk,old + Vk,old(xk + pk)/l()() (12)

GEMPACK is designed to make the linear solution process as easy as
possible. The user specifies the linear équations (10) and (11) and the update
formulae (12) in the TABLO language—which resembles algebraic notation.
Then GEMPACK repeatedly:

e evaluates Gy and Gy at given values of V;

e solves the linear system to find y, taking advantage of the sparsity of Gy
and Gy; and

e updates the data coefficients V.

The housekeeping details of multistep and extrapolated solutions are hidden

from the user.

Apart from its simplicity, the linearised approach has two further
advantages.

e It allows free choice of which variables are to be exogenous or endo-
genous. Many levels algorithms do not allow this flexibility.

e To reduce AGE models to manageable size, it is often necessary to use

mode] equations to substitute out matrix variables of large dimensions.
[n a linear system, we can always make any variable the subject of any
equation in which it appears. Hence, substitution is a simple mechanical
process. In fact, because GEMPACK performs this routine algebra for
the user, the model can be specified in terms of its original behavioural
equations, rather than in a reduced form. This reduces the potential for
error and makes model equations easier to check.

3.2. The Initial Solution

Our discussion of the solution procedure has so far assumed that we
possess an initial solution of the model—{ YY,X?} or the equivalent V0—and
that results show percentage deviations from this initial state. Howcver, this
assumption raises two difficulties.

The first difficulty relates to comparative-static simulations—see Figure
1. In practice, the ORANI database does not, like B, show the expected state
of the economy at a future date. Instead the most recently available historical
data, A, are used. At best, these refer to the present-day economy. Note that,
for the atemporal static model, A provides a solution for period T. In the
static model, sctting all exogenous variables at their base-period levels
would leave all the endogenous variables at their base-period levels.
Nevertheless, A may not be an empirically plausible control state for the
economy at period T and the question therefore arises: are estimates of the
B-to-C percentage changes much affected by starting from A rather than B?
For example, would the percentage effects of a tariff cut inflicted in 1988
differ much from those caused by a 1993 cut? Probably not. First, balanced
growth, i.e., a proportional enlargement of the model database, just scales
equation coefficents equally; it does not affect ORANI results. Second,
compositional changes, which do alter percentage-change effects, happen
quite slowly. So for short- and medium-run simulations A is a reasonable
proxy for B.
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The second difficulty associated with the need for an initial solution
arises in forecasting simulations with the dynamic model, ORANI-F (see
section 2.2 and Figure 2). We compute the through-time changes which are
the subject of our forecasting simulations as if they were comparative static
changes occurring at time T, the last year of our forecast period. This
requires values of the variables for time T which, together with the initial
conditions (VY), provide a solution for the dynamic system. However, the
base-period data (A in Figure 2) do not in general provide model-consistent
values for the variables at any future period. That is, setting the exogenous
variables in the future period T at their base-period values will not in general
be consistent with the endogenous variables remaining in period T at their
base-period values. For example, unless the base data depict a sicady state,
capital stocks will change through time even if investment remains
unchanged. To overcome the lack of control values of the variables for
period T, we augment the model's dynamic equations with slack variables F
in such a way that, when the levels values of the slack variables are unity,
the equations are unaffected (see sections 4.21 and 4.23). Then, we generate
a control solution by allowing the slacks to take values, usually non-unity,
which render {VO, VT:VO, ['} a solution to the augmented model. Finally,
we apply through-time shocks to the exogenous variables as if they were
comparative-static shocks at period T and include shocks to the slack
variables to return them to unity, i.e., to reinstate the unaugmented dynamic
equations.

A by-product of the GEMPACK solution process is an updated database
VT that is consistent with the percentage-change results. Thus, a forecasting
simulation can produce a VT database that is our best estimate of the (future)
state of affairs at T. By using such a database as a starting point for
comparative-static  simulations, we can overcome the first difficulty
mentioned in this subsection.

4. The Equations of ORANI-F

In this section we provide a formal description of the linear form of the
model used to generate the simulations reported in Scction 7. Our description
is organised around the TABLO file which implements the model in
GEMPACK. We present the complete text of the TABLO Input file divided
into a sequence of excerpts and supplemented by tables, figures and
explanatory text.

The TABLO language in which the file is written is essentially conven-
tional algebra, with names for variables and coefficients chosen to be
suggestive of their economic interpretations. Some practice is required for
readers to become familiar with the TABLO notation but it is no more
complex than alternative means of setting out the model—the sort of
notation employed in DPSV (1982), for example. Acquiring the familiarity
allows ready access to the GEMPACK programs used to conduct simulations
with the mode!l and to convert the results to human-readable form. Both the
input and the output of these programs employ the TABLO notation.
Moreover, familiarity with the TABIL.O format is essential for users who may
wish to make modifications to the model's structure.

Another compelling reason for using the TABLO Input file to document
the model is that it ensures that our description is complete and accurate:
complete because the only other data needed by the GEMPACK solution
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process is numerical (the model's database and the exogenous inputs to
particular forecasts or policy experiments); and accurate because GEM-
PACK is nothing more than an equation solving system, incorporating no
economic assumptions of its own.

We continue this section with a short introduction to the TABLO
language—other details may be picked up later, as they are encountered.
Then we describe the input-output database which underlies the model. This
structures our subsequent presentation.

4.1. The TABLO language

The TABLO model description defines the percentage-change equations
of the model. For ¢xample, the CES demand equations, (10) and (11), would
appear as:

Equation E_x # input demands #

(All, f, FAC) x(f) = z - SIGMA{p(f) - p. };

Equation E_p_f # input cost index #

V_Fxp_f = Sum(f,FAC,V(f)+p(f));
The first word, 'Equation’, is a keyword which defines the statement type.
Then follows the identifier for the equation, which must be unique. The
descriptive text between #' symbols is optional—it appears in certain report
files. The expression '(All, f, FAC)' signifies that the equation is a matrix
equation, containing one scalar equation for each element of the set FAC.

Within the equation, the convention is followed of using lower-case
letters for the percentage-change variables (x, z, p and p_f), and upper case
for the coefficients (SIGMA, V and V_F). Since GEMPACK ignores case,
this practice assists only the human reader. An implication is that we cannot
use the same sequence of characters, distinguished only by case, to define a
variable and a coefficient. The '(f)' suffix indicates that variables and co-
efficients are vectors, with elements corresponding to the set FAC. A semi-
colon signals the end of the TABLO statement.

To facilitate portability between computing environments, the TABLO
character set is quite restricted—only alphanumerics and a few punctuation
marks may be used. The use of Greek letters and subscripts is precluded, and
the asterisk, ', must replace the multiplication symbol "x'.

Sets, coefficients and variables must be explicitly declared, via state-
ments such as:

Set FAC # inputs # (capital, labour, energy);
Coefficient  (All, f, FAC) V(f) # cost of inputs #;
Vv F # total cost #;
SIGMA  # substitution elasticity #;

Variable (All, f, FAC) p(f) # price of inputs #;
(All, f, FAC)  x(f) # demand for inputs #;
z # output #;
pf # input cost index #;

As the last two statements in the 'Coefficient' block and the last three in the

'Variable' block illustrate, initial keywords (such as 'Coefficient' and 'Var-

iable') may be omitted if the previous statement was of the same type.
Coefficients must be assigned values, either by reading from file:

Read V from file FLOWDATA;
Read SIGMA from file PARAMS:
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or in terms of other coefficients, using formulae:
Formula V. F = Sum(f, FAC, V(f)); ! used in cost index equation !

The right hand side of the last statement employs the TABLO summation
notation, equivalent to the 2 notation used in standard algebra. It defines the
sum over an index f running over the set FAC of the input-cost coefficients,
V(f). The statement also contains a comment, i.e., the text between exclam-
ation marks (!). TABLO ignores comments.

Some of the coefficients will be updated during multistep computations.
This requires the inclusion of statements such as:

Update (All, f, FAC) V(f) = x(f)=p(f);

which is the default update statement, causing V(f) to be increased after each
step by [x(f) + p(f)]%, where x(f) and p(f) are the percentage changes com-
puted at the previous step.

The sample statements listed above introduce most of the types of
statement required for the model. But since all sets, variables and coeffici-
ents must be defined before they are used. and since coefficients must be
assigned values before appearing in equations, it is necessary for the order of
the TABLO statements to be almost the reverse of the order in which they
appear above. The ORANI-F TABLO Input file is ordered as follows:
¢ definition of sets;

e declarations of variables;

e declarations of often-used coefficients which are read from files, with
associated Read and Update statements;

e declarations of other often-used coefficients which are computed from
the data, using associated Formulae; and

e groups of topically-related equations, with some of the groups including
statements defining coefficients which are used only within that group.

4.2. The model's data base

Figure 5 is a schematic representation of the model's input-output data-
base. It reveals the basic structure of the model. The columns in the main
part of the figure (an absorption matrix) identify the following agents:

(1) domestic producers divided into I industries;

(2) investors divided into I industries;

(3) asingle representative household;

(4) an aggregate foreign purchaser of exports;

(5) an ‘other’ demand category, broadly corresponding to government; and
(6) changes in inventories of domestically produced goods.

The rows show the structure of the purchases made by each of the agents
identified in the columns. Each of the C commodity types identified in the
model can be obtained locally or imported from overseas. The source-
specific commodities are used by industries as inputs to current production
and capital formation, are consumed by households and governments, are
exported, or are added to or subtracted from inventories. Only domestically
produced goods appear in the export and inventory columns. M of the
domestically produced goods are used as margins services (wholesale and
retail trade, and transport) which are required to transfer commodities from
their sources to their users. Commodity taxes are payable on the purchases.
As well as intermediate inputs, current production requires inputs of three
categories of primary factors: labour (divided into O occupations), fixed
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capital, and agricultural land. The 'other costs' category covers various
miscellaneous industry expenses.

Each cell in the absorption matrix contains the name of the corres-
ponding matrix of the values (in some base year) of flows of commodities,
indirect taxes or primary factors to a group of users. For example, V2MAR
is a 4-dimensional array showing the cost of M margins services on the
flows of C goods, both domestically produced and imported (S), to 1
investors, ’

In principle. each industry is capable of producing any of the C com-
modity types. The MAKE matrix at the bottom of Figure 5 shows the value
of output of each commodity by each industry. Finally, import taxes are
assumed to be levied at rates which vary by commodity but not by user. The
revenue obtained is represented by the tariff vector VOTAR.

Absorption Matrix
1 2 3 4 5 6
Producers | Investors | Household Export Other Change.m
Inventories
Size |« | 5l 1 ol 1 5« 1 o)« 15|15
Basic T
CxS V1BAS V2BAS V3BAS V4BAS V5BAS V6BAS
Flows 1
T
Margins |CxSxM| VIMAR | V2MAR | V3MAR | V4AMAR | V5MAR n/a
J
T
Taxes | CxS V1TAX V2TAX V3TAX V4TAX V5TAX n/a
4
! C = Numberof C diti
Labour o VILAB = Number of Commaodities
| I = Number of Industries
T .
Capital ’ VICAP S = 2: Domestic,imported,
l O = Number of Occupation Types
T .
Land ’ VILND M = Number of Commodities used as
l Margins
/]\
Other ' 4 viocT
Costs 1
Joint Produc-
tion Matrix Import Duty
Size|« | — Size|« 1 -
T T
C MAKE C VOTAR
J l
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Excerpt 1 of TABLO Input file:

Definitions of sets

ORANI-F: A General Equilibrium Model of the Australian Economy

4.3. Dimensions of the model

Excerpt 1 of the TABIL.O Input file defines sets of descriptors for the
components of vector variables. Set names appear in upper-case characters.
For example, the first statcment is to be read as defining a set named 'COM'
which contains commodity descriptors C1 to 23,

Set ! Suffix !
CcOM # Commodities # (C1 - C23); Ic!
SRC # Source of Commodities # (dom,imp}); I's!
IND # Industries # (11 -122); Vil
OoCcC # Occupation Types # (skilled, unskilled); 'ol
MAR # Margin Commodities # (CT8 C19); 'm!
NONMAR # Non-Margin Commodities # (C1-C17, C20-C23); In!
Subset

MAR is subset of COM;

NONMAR is subset of COM:;

The commodity, industry, and occupational classifications are aggre-
gates of the classifications used in the original version of ORANI-F, which
has over 100 industries and commodities, and 8 labour occupations.

The industry and commodity classifications are different. Both are listed
in Table i. In this aggregated version of the model, multiproduction is
confined to the first two industries, which produce the first three commodi-
ties. Each of the remaining industries produces a unique commodity. Three
categories of primary factors (labour, capital and land) are distinguished in
the model, with the last used only in the first two, rural, industries. Labour is
disaggregated into 2 occupational categories, based on the Australian
Standard Classification of Occupations.

Table 1 Commodity and Industry Classification

Commodities

Industries

1 Cereals
Broadacre rural

2 Broadacre rural .

) Intensive rural
3 Intensive rural
4 Mining, export Mining, export
5 Mining, other Mining, other
6 Food & fibre, export Food & fibre, export
7  Food, other Food, other
8 Textiles, clothing & footwear Textiles, clothing & footwear
9  Wood related products Wood related products
10 Chemicals & oil products Chemicals & oil products
11 Non-metallic mineral products Non-metallic mineral products

_a
N

Metal products
Transport equipment
Other machinery

- s
B W

Metal products
Transport equipment
Other machinery

15 Other manufacturing Other manufacturing

16 Utilities Utilities

17 Construction Construction

18 Retail & wholesale trade Retail & wholesale trade

-
©

Transport

R R R

Transport

20 Banking & finance Banking & finance

21 Ownership of dwellings 20 Ownership of dwellings
22 Public services 21 Public services

23 Private services 22 Private services
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Commodities C18 and C19 are margins commodities, i.e., they are
required to facilitate the flows of other commodities from producers (or
importers) to users. Hence, the costs of margins services, together with
indirect taxes, account for differences between basic prices (received by
producers or importers) and purchasers’ prices (paid by users).

TABLO does not prevent two elements of different sets from sharing the
same name; nor, in such a case, does it infer any connection between the two
elements. The 'Subset’ statements which conclude Excerpt 1 are required for
TABLO to realize that the two elements of MAR, 'C18" and 'C19" are the
same as the 18th and 19th elements of the set COM.

4.4. Model variables

The names of model's variables are listed in the next five excerpts of the
TABLO Input file. Unless otherwise stated, all variables are percentage
changes—to indicate this, their names appear in lower-case letters. Pre-
ceding the names of the variables are their dimensions, indicated using the
sets defined in Excerpt 1. For example, the first variable statement in Excerpt
2 defines a matrix variable x1 (indexed by commodity, source, and using
industry) the elements of which are percentage changes in the direct
demands by producers for source-specific intermediate inputs.

The last variable in the first group in Excerpt 2, delx6, is preceded by the
'‘Change' qualifier to indicate that it is an ordinary (rather than percentage)
change, since changes in inventories may be either positive or negative. Our
multistep solution procedure requires that Jarge changes be broken into a
sequence of small changes. However, no sequence of small percentage
changes allows a (levels) variable to change sign—at least one change must
exceed -100%. Thus, for variables that may, in the levels, change sign, we
prefer to use ordinary changes.

The reader will notice that there is a pattern to the names given to the
variables and to the coefficients which appear later. Although GEMPACK
does not require that names conform to any pattern, we find that systematic
naming reduces the burden on (human) memory. As far as possible, names
for variables and coefficients conform to a system in which each name
consists of 2 or more parts, as follows:

first, a letter or letters indicating the type of variable, for example,

a technical change
del ordinary (rather than percentage) change
f shift variable
H indexing parameter
p price, $A
pf price, foreign currency
S input share
SIGMA  elasticity of substitution
t tax
\Y levels value, SA
w percentage-change value, $A
X input quantity;
second, one of the digits O to 6 indicating user, that is,
1 current production
2 investment
3 consumption

Summer 1993 - Economic and Financial Computing



ORANI-F: A General Equilibrium Model of the Australian Economy

4 export

5 ‘other' (Government)

6 inventories

0 all users, or user distinction irrelevant;
third (optional), three or more letters giving further information, for
example,

bas {often omitted) basic—not including margins or taxes

cap capital '

cif imports at border prices

imp imports (duty paid)

lab labour

Ind land

lux linear expenditure system (supernumerary part)

mar margins

oct other cost tickets

prim all primary factors (land. labour or capital)

pur at purchasers’ prices

sub linear expenditure system (subsistence part)

tar tariffs

tax indirect taxes

tot total or average over all inputs for some user;

fourth (optional), an underscore character, indicating that this variable is
an aggregate or average, with subsequent letters showing over which
sets the underlying variable has been summed, for example,

i sum over IND (industries),

_c sum over COM (commodities),
_io sum over IND and OCC (skills).
Although GEMPACK does not distinguish between upper and lower case,

we use:
lower case for variable names and set indices;
upper case for set and coefficient names; and
initial letter upper case for TABLO keywords.

The variables in Excerpt 2 are grouped to show their relation to the data
base depicted in Figure S. The first group of variables contains the quantities
associated with row | (basic flows) of the data base, i1.e., the flow matrices
VIBAS. V2BAS, and so on. All these quantities are valued at basic prices,
p0, which are listed next. Then follow technical-change variables (akin to
shifts in input-output coefficients) for the first 3 user types, and a shift
variable for 'other’ demands.

The next group of variables contains the quantities associated with row 2
(margins) of Figure 5, i.e., the flow matrices VIMAR, V2ZMAR, and so on.
These are the quantities of retail and wholesale services or transport needed
to deliver each basic flow to the user. All these quantities are valued at basic
prices, p0, already listed. Again, technical-change variables follow, this time
for the first 5 user types.

The next group of variables contains the quantities associated with row 3
(taxes) of Figure 5, 1.e., the flow matrices VITAX, V2TAX, and so on.
These variables are powers of the taxes on the basic flows. (The power of a
tax is one plus the ad valorem rate.)

The last group of variables in this block contains the purchasers’ prices
which include basic, margin and tax components.
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Variable
! Basic Demands for commodities (excluding margin demands) !
(All,c,COM)(All,s,SRC)(AILI,IND) x1(c,s,i) # Intermediate #;

(All,c,COM)(All,s,SRC)(AIl,i,IND) x2(c,s,i) # Investment #;
(All,c,COM)(All,s,SRC) x3(c,s) # Household #;
(All,c,COM) x4(c) # Export #;
(All,c,COM)(All,s,SRC) x5(c,s) # Other #;
(Change) (All,c,COM) delx6(c) # Inventories #;

(All,c,COM)(AIl,s,SRC) pO(c,s) # basic price of commodity ¢, source s #;

I Technical or Taste Change Variables affecting Basic Demands !
(All,c,COM)(AIll,s,SRC)(AILi,IND) al(c,s,i) # Intermediate #;

(All,c, COM)(All,s,SRC)(AIl,i,IND) a2(c,s,i) # Investment #;
(All,c,COM)(All,s,SRC) a3(c,s) # Household #;
(All,c,COM)(AIl,s,SRC) f5(c,s) # Other Demand Shift #;

I Margin Usage on Basic Flows !

(All,c,COM)(All,s,SRC)(AILIINDY{AILMMAR)  x1mar(c,s,i,m)# Intermediate #;
(All,c,COM)(All,s,SRC)(AILL,IND)(AILm,MAR)  x2mar(c,s,i,m)# Investment #;
(All,c,COM)(All,s,SRC)(All,m,MAR) x3mar(c,s m) # Household #;
(All,c, COM)(All,m ,MAR) x4mar(c,m # Export #;
(All,c,COM)(All,s,SRC)(All,m,MAR) x5mar(c,s m) # Other #;

! Technical Change in Margins Usage !

(All,c,COM)(All,s,SRC)(AILi,IND)(All,m,MAR)  almar(c,s,i,m) # Intermediate #;
(All,c, COM)(All,s,SRC)(AIl,i,IND)(AllLm,MAR)  a2mar(c,s,i,m) # Investment #;
(All,c,COM)(All,;s,SRC)(All,m,MAR) a3mar(c,s,m) # Household #;
(All,c, COM)(All,m,MAR) admar(c,m) # Export #;
(All,c, COM)(All,s,SRC)(All,m,MAR) a5mar(c,s,m) # Other #;

' Powers of Commaodity Taxes on Basic Flows !
(All,c,COM)(All,s,SRC)(AILi,IND) t1(c,s,l) # Intermediate #;

(All,c,COM)(AIl,s,SRC)(AILi,IND) t2(c,s,i) # Investment #;
(All,c, COM)(All,s,SRC) t3(c,s)  # Household #;
(All,c,COM) t4(c) # Export #;
(All,c,COM)(All,s,SRC) t5(c,s) # Other #;

! Purchaser's Prices (including margins and taxes) |
(All,c,COM)(All,s,SRC)(AILi,IND) pi(c,s,i) # Intermediate #;
(All,c,COM)(AIl,s,SRC)(All,i,IND) p2(c,s,i) # Investment #;
(All,c, COM)(All,s,SRC) p3(c,s) # Household #;
(All,c,COM) p4(c) # Exports $A #;
(All,c,COM)(All,s,SRC) p5(c,s) # Other #;

Excerpt 3 of the TABLO Input file corresponds to the remaining rows of
Figure 5. The first group of variables relates to industry demands for labour
(VILAB in Figure 5). First appear percentage changes in the quantities and
wages, then the labour-saving technical-change variable. The variable 'f1lab’
is a shift variable which can be used to shock independently the wage rate
for each labour type.

The next 3 groups of variables relate to industry demands for capital,
land and 'other costs' (VICAP, VILND and VIOCT in Figure 5). The last
parts of the flows database, the MAKE matrix and the duty vector, are rep-
resented by the variable ql, output by commodity and industry, and tOimp,
the powers of the taniffs.
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Excerpt 3 of TABLO Input file:
Variables relating to primary-factor
flows, commodity supplies and import
duties

Excerpt 4 of TABLO Input file:
Variables describing composite
commodities

ORANI-F: A General Equilibrium Model of the Australian Economy

! Variables relating to usage of labour, occupation o, in industry i !
(AILLIND)(AllLo,OCC)  x1lab(i,0) # Employment #;

(AL, IND)(All,o,OCC) pllab(i,o) # Wage #;

(AN,i,IND) atlab_ofi) # Labor Augmenting Technical Change #;
(All,i,IND)(All,0,0CC) fliab(i,0) # Wage shift variable #;

I Variables relating to usage of fixed capital in industry i !

(AllLi,IND) x1cap(i) # Current Capital Stock #;

(AllLi,IND) picap(i} # Rental Price of Capital #;

(All,i,IND) alcap(i) # Capital Augmenting Technical Change #;
(AILI,IND) ricap(i) # Net Rates of Return on Fixed Capital #;

! Variables relating to usage of land !

(All,i,IND}) x1ind(i) # Use of Land #;

(AllLIIND) ptind(i) # Rental Price of Land #;

(All,i,IND) atlnd(i) # Land Augmenting Technical Change #;

I Variables relating to "Other Costs" !

(All,i,IND) xloct(i) # Demand for "Other Cost" Tickets #;

(All,i,IND) ploct(i) # Price of "Other Cost" Tickets #;

(Alli,IND) aloct(i) # "Other Cost" Ticket Augmenting Techncal Change#;
(AllLi,IND) fioct(i) # Shifts in Price of "Other Cost" Tickets #;

! Variables relating to commodity supplies and import duties !
(All,c, COM)(AILI,IND) g1(c,i) # Output of commodity ¢ by industry i #;
(All,c,COM) toimp(c) # Power of Tariffs #;

Excerpt 4 contains variables defining quantities and prices for com-
modity composites of imports and domestic products, and the associated
technical- and taste-change variables. The roles of these composites will be
explained in our discussion of the model's equations.

! Demands for import/domestic commodity composites !
All,c, COM)(AILILIND)  x1_s(c,i) # Intermediate #;

(

(All,c, COM)(AHLILIND)  x2_s(c,i) # Investment #;

(All,c,COM) x3_s(c) # Household #;

(All,c,COM) x3lux(c) # Household - Supernumerary Demands #;
(All,c,COM) x3sub(c) # Household - Subsistence Demands #;

| Effective Prices of import/domestic commodity composites !
(All,c, COM)(AILI,IND) p1_s(c,i) # Intermediate #;
(All,c, COM)(AILILIND)  p2_s(c,i) # Investment #;
(All,c,COM) p3_s(c) # Household #;

I Technical or Taste Change Variables for import/domestic composites !
(All,c,COM)(AILLIND) at_s(c,i) # Intermediate #;

(All,c, COMY(AILLINDY  a2_s(c,i) # Investment #;

(All,c,COM) a3_s(c) # All Household Usage of Good ¢ #;
(All,c,COM) a3lux(c) # Household - Supernumerary Demands #;
(All,c,COM) a3sub(c) # Household - Subsistence Demands #;

Excerpt 5 of the TABLO Input file specifies the model's remaining
vector variables. These are mainly shift variables and aggregations of
variables which appeared in the earlier excerpts. Their roles will be
described as they occur in the equations.
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Excerpt 5 of TABLO Input file:
Miscellaneous vector variables

Excerpt 6 of TABLO Input file:
Scalar or macro variables
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All,0,OCC) fllab _i(0) # Occupation-Specific Wage Shifter #;
All,o,0CC) «x1iab_ i(0) # Employment by Occupation #;

Variable

(All,c,COM)  fOtax _s(c) # General Sales Tax Shifter #;

(All,c,COM)  f4p(c) # Price (upward) Shift in Export Demand Schedule#;
{(All,c,COM)  f4q(c) # Quantity (right) Shift in Export Demands #;
(All,c,COM) pfOcif(c) # C.I.F. Foreign Currency Import Prices #;
(All,c,COM)  x0Odom(c) # Total Supplies of Domestic Goods #;
(All,c,COM)  x0imp(c) # Total Supplies of Imported Goods #;
(Alli,IND) alprim(i) # All Factor Augmenting Technical Change #;
(AllLi,IND}) attot(i) # All Input Augmenting Technical Change #;
(AlLi,IND) a2tot(i) # Neutral Technical Change - Investment #;
(AlLILIND) employ(i) # Employment by Industry #;

(AILI,IND) f1lab ofi) # Industry-Specific Wage Shifter #;

(Alli,IND) f accum(i) # Capital Accumulation Shifter #;

(Alli,IND) f1ret(i) # Rate of Return Shifter #;

(All,i,IND) pllab. ofi) # Price of Labour Composite #;

(AlLi,IND) piprim(i) # Effective Price of Primary Factor Composite #;
(All,i,IND) p1tot(i) # Average Input/Output Price #;

(All,i,IND) p2tot(i) # Costs of Units of Capital #;

(AlLi,IND) x1lab_ of(i) # Effective Labour Input #;

(Alli,IND) x1prim(i) # Primary Factor Composite #;

(Alli,IND) x1tot(i) # Activity Level or Value-Added #;

(Alli,IND) x2tot(i) # Investment by Using Industry #;

(

(

Excerpt 6 of the TABLO Input file completes the listing of the model's
variables by specifying a number of macroeconomic aggregates and price
indexes. As with the variables listed in Excerpt 5, most of these are aggre-
gates or averages of variables defined earlier. Note that the first few
variables are ordinary changes. These variables may (in the levels) equal
zero or change sign.

Variable

(Change) delB # (Balance of Trade)/GDP #;

(Change) delDebt # Ordinary Change in Real Foreign Debt #;

(Change) delDebt Ratio # Ordinary Change in Debt/GDP ratio #;

(Change) delBT # Ordinary Change in Real Trade Deficit #;

(Change) delFudge # “Fudge Factor": set to Unity for Dynamic Simulation #;
(Change) delUnity # Dummy Variable, Always Exogenously Set to Unity #;
(Change) levDebt Ratio # Levels Debt/GDP ratio #;

employ. i # Aggregate Employment- Wage Bill Weights #;

f1lab_io # Overall Wage Shitter #;

fitax_csi # Uniform % Change in Powers of Taxes on Intermediate Usage #;
f2tax_csi # Uniform % Change in Powers of Taxes on Investment #;
f3tax_cs # Uniform % Change in Powers of Taxes on Household Usage #;
f4_ntrad # Demand Shift, Non-Traditional Export Aggregate #;

f4tax_ntrad # Uniform % Change in Powers of Taxes on Non-Tradit'nal Exports #;
f4tax_trad # Uniform % Change in Powers of Taxes on Traditional Exports #;
fStax_cs # Uniform % Change in Powers of Taxes on "Other" Usage #;
f5tot # Overall Shift Term For "Other" Demands #;

f5tot2 # Ratio between f5tot and x3tot #;

pOcif_c # Imports Price Index, CIF, A$ #;

pOgdpexp # GDP Price Index, Expenditure Side #;

pOimp_c # Duty-paid Imports Price Index,A$ #;

pOrealdev # Real Devaluation #;

pOtoft # Terms of Trade #;

picap_i # Average Capital Rental #;

p2tot_i # Aggregate Investment Price Index #;

p3tot # Consumer Price Index #;

p4 ntrad # Price, Non-Traditional Export Aggregate #;

p4tot # Exports Price Index #;

p5tot # "Other" Demands Price Index #;
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Excerpt 6 of TABLO Input file (cont.):
Scalar or macro variables

ORANI-F: A General Equilibrium Model of the Australian Economy

p6tot # Inventories Price Index #;

phi # Exchange Rate #,;

q # Number of Households #;

ricap i # Average Rate of Return #;

utility # Ultility per Household #;

wOcif_ ¢ # CIF A$ Value of Imports #;

wlgdpexp # Nominal GDP from Expenditure Side #;

wOgdpinc # Nominal GDP from Income Side #;

wOimp_c # Value of Imports plus Duty #;

wOtar_c # Aggregate Tariff Revenue #;

wOtax_csi # Aggregate Revenue from All Indirect Taxes #;

wilcap_i # Aggregate Payments to Capital #;

wilab_io # Aggregate Payments to Labour #;

wilnd_i # Aggregate Payments to Land #;

wloct_i # Aggregate Other Cost Ticket Payments #;

witax_csi # Aggregate Revenue from Indirect Taxes on Intermediate #;
w2tax_csi # Aggregate Revenue from Indirect Taxes on Investment #;
w2tot_i # Aggregate Nominal Investment #;

w3lux # Total Nominal Supernumerary Household Expenditure #;
w3tax_cs # Aggregate Revenue from Indirect Taxes on Households #;
wa3tot # Nominal Total Household Consumption #;

wdtax_c # Aggregate Revenue from Indirect Taxes on Exports #;
witot # A$ Border Value of exports #;

wbtax_cs # Aggregate Revenue from Indirect Taxes on "Other" Demands#;
wbtot # Aggregate Nominal Value of "Other" Demands #;

wotot # Aggregate Nominal Value of Inventories #;

x0cif_c # Import Volume Index, CIF Weights #;

x0gdpexp # Real GDP from Expenditure Side #;

x0imp_c # Import Volume Index, Duty-Paid Weights #;

x1cap_i # Aggregate Capital Stock, Rental Weights #;

x1prim_i # Aggregate Output: Value-Added Weights #;

x2tot i # Aggregate Real Investment Expenditure #;

x3tot # Real Household Consumption #;

x4 ntrad # Quantity, Non-Traditional Export Aggregate #;

x4tot # Export Volume Index #;

x5tot # Aggregate Real "Other” Demands #;

x6tot # Aggregate Real Inventories #;

The next section of the TABLO file (Excerpts 7-10) contains statements
indicating data to be read from file. The data items defined in these state-
ments appear as coefficients in the model's equations. The statements define
coefficient names (which all appear in upper-case characters), the locations
from which the data are to be read and, where appropriate, formulae for the
data updates which are necessary in computing multi-step solutions to the
model (see Section 3).

The section begins in Excerpt 7 by defining a logical name for the file
(MDATA) where data are stored. The rest of Excerpts 7 to 10 of the file
contain data statements for the input-output data (Figure 5).

Excerpt 7 contains the basic commodity flows corresponding to rows |
(direct flows) and 2 (margins flows) of Figure 5. Each of these is the product
of a price and a quantity. For example, the first 'Coefficient' statement in
Excerpt 7 defines a data item VIBAS(c.,s,i) which is the basic value
(indicated by 'BAS") of a flow of intermediate inputs (indicated by 'l") of
commodity ¢ from source s to user industry i. The first 'Read' statement
indicates that this data item is stored on file MDATA with header "IBAS'. (A
GEMPACK data file consists of a number of data items such as arrays of
real numbers. Each data item is identified by a unique key or 'header").
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File MDATA # Data File #;

Coefficient | Basic Flows of Commodities!
(All,c,COM)(All,s,SRC){Alli,IND) V1BAS(c.s,i) # Intermediate #;
(All,c,COM)(All,s,SRC)(AILi,IND) V2BAS(c,s,i) # Investment #;
(All,c,COM)(AIl,s,SRC) V3BAS(c,s) # Households #;
(All,c,COM) V4BAS(c) # Export #;

(All,c, COM)(All,s,SRC) V5BAS(c,s) # Other Demand #;
(All,c,COM) V6BAS(c) # Inventories #;
Read ’

V1BAS From File MDATA Header "1BAS";
V2BAS From File MDATA Header "2BAS";
V3BAS From File MDATA Header "3BAS";
V4BAS From File MDATA Header "4BAS";
V5BAS From File MDATA Header “5BAS";
V6BAS From File MDATA Header "6BAS";
Update

(All,c,COM)(All,s,SRC)(AIli,IND) V1iBAS(c,s,i) =p0{c,s)*x1(c,s,i);
(All,c, COM)(All,s,SRC)(AIl,i,IND) V2BAS(c,s,i) = pO(c,s)*x2(c,s,i);
(All,c,COM)(All,s,SRC) V3BAS(c,s ) = pO0(c,s)*x3(c,s);
(All,c,COM) V4BAS(c) = p0{c,"dom")=x4(c);
(All,c,COM)(All,s,SRC) V5BAS(c,s) = p0(c,s)*x5(c,s);
Coefficient (All,c,COM) PODOM(c) # levels domestic basic prices #;
Formula (initial) (All,c,COM) PODOM(c) = 1; ! arbitrary initial setting !
Update (All,c,COM) PODOM(c) = pO(c,"dom");

(Change) (All,c,COM) VBBAS(c) =

VB6BAS(c)#p0(c,"dom")/100 + PODOM(c)*+delx6(c);

Coefficient | Margin Flows!

(All,c,COM)(All,s,SRC)(AILILIND)(AILMMAR)  VIMAR(c,s,im) # Intermediate #;
(All,c,COM)(All,s,SRC)(AILI,IND)(AllLm,MAR) V2MAR(c,s,i,m)  # Investment #;
(All,c, COM)(All,s,SRCYAIl,m,MAR) V3MAR(c,s,m) # Households #;
(All,c,COM)(AIl,m,MAR) V4MAR(c,m) # Export #;
(All,c, COM)(All,s,SRC)(All,m,MAR) V5MAR(c,s,m) # Other #;

Read

V1MAR From File MDATA Header "1MAR";

V2MAR From File MDATA Header "2MAR";

V3MAR From File MDATA Header "3MAR";

V4MAR From File MDATA Header "4MAR";

VSMAR From File MDATA Header "5MAR",

Update

(All,c, COM)(All,s,SRC)(AILi,IND)(All,m,MAR)
VIMAR(c,s,i,m) = p0(m,"dom"}=x1mar(c,s,i,m);

(All,c,COM)(AIl,s,SRC)(AILLIND)(AIlLm,MAR)
V2MAR(c,s,iim) = p0(m,"dom")xx2mar(c,s,i,m);

(A|I,c,COM)(AII,s,SRC)(AII,m,MAR)

V3MAR(c,s,m) = pO(m,"“dom")=x3mar(c,s,m);
. (All,c, COM)(AllLm,MAR)
Excerpt 7 of TABLO |nput file: V4MAR(C,m) = po(m,“dom")*x4mar(clm);
Data coefficients relating to basic (All,c,COM)(AIll,s,SRC)(All, m,MAR)
commodity flows V5MAR(c,s,m) = pO(m,"dom")xx5mar(c,s,m);

The first 'Update' statement indicates that the flow VIBAS(c,s,i) should be
updated using the default update formula, which is used for a data item
which is a product of two (or more) of the model's variables. For an item of
the form V = PX, the formula for the updated value V' is:

VU =V0 4+ APX) = VY + XOAP + POAX

X

100 * 100 (13

—V0+P0X0(P0 + XO) VO 4+ VO (
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Excerpt 8 of TABLO Input file:
Data coefficients relating to commodity
taxes

ORANI-F: A General Equilibrium Mode