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ABSTRACT

This paper reviews computable general equilibrium
(CGE) modelling, taking as its starting point  the
pathbreaking contribution of Johansen (1960), It gives a
briel history of the field; reviews solution procedures..
based on linear noamcﬁmmo:m for mm:mwm-mmnom and
multi-period models; sets out the theoretical structure,
the data and some simulations from an illustrative
model; and assesses the achievements, limitations and
potential of the CGE field. The emphasis is on the role of
CGE models in practical vo:@ analysis and mownommm:m‘
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Computable General Equilibrium Modelling®
by

Peter B. Dixon and B.R. Parmenter
Centre of Policy Studies
Monash University, Australia

1 INTRODUCTION
Over the last 35 years, computable general equilibrium (CGE} models

have been used in the analysis of an enormous variety of questions. These have
included

the effects on

e macro variables, including measures of nation-wide or even global
economic welfare;

° industry variables;

¢ regional {both sub- national and super-national} variables;

° labour market variables;

° distributional variables; and

® environmental variables.

of changes in

e taxes, public consumption and social security payments;

o tariffs and other interferences in international trade;

® environmental policies;

° technology;

° international commodity prices and interest rates;

s wage setting arrangements and union behavior; and

® known levels and exploitability of mineral deposits (the Dutch disease),

While most of these questions have been analyzed in single-country,
single-period models, there are now numerous CGE models which are either

We thank Michael Malakellis, Mark Horridge, Dawie de Jongh, Sang Hee Han and Tom
Rutherford for advice and assistance.
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might like to start with section 4 and then work back through the more
technical material in sections 2 and 3.

1.1 Definition

The distinguishing characteristics of computable general equilibrium
{CGE) models are as follows.

(i) They include explicit specifications of the behavior of several
economic actors (i.e. they are general). Typically they represent
households as utility maximizers and firms as profit maximizers or
cost minimizers. Through the use of such optimizing assumptions
they emphasize the role of commodity and factor prices in
influencing consumption and production decisions by households
and firms. They may also include optimizing specifications to
describe the behavior of governments, trade unions, capital creators,
importers and exporters.

{i1}) They describe how demand and supply decisions made by different
economic actors determine the prices of at least some commodities
and factors. For each commodity and factor they include equations
ensuring that prices adjust so that demands added across all actors

do not exceed total supplies. That is, they employ market
equilibrium assumptions.

(iii) They produce numerical results (i.e. they are computable). The
coefficients and parameters in their equations are evaluated by
reference to a numerical database. The central core of the database
of a CGE model is usually a set of input-output accounts showing for a
given year the flows of commodities and factors between industries,
households, governments, importers and exporters. The input-
output data are normally supplemented by numerical estimates of
various elasticity parameters. These may include substitution
elasticities between different inputs to production processes,
estimates of price and income elasticities of demand by households
for different commodities, and foreign elasticities of demand for
exported products.

An alternative name for CGE models is applied general equilibrium (AGE)
models. This name emphasizes the idea that in CGE modelling the database
and numerical results are intended to be more than merely illustrative. CGE
models use data for actual countries or regions and produce numerical results
relating to specific real-world situations.
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and Whalley, 1972, 1973, 1974). In 1991, when Scarf was awarded a
distinguished fellowship of the American Economic Association, the citation,
read in part:

“Scarls path-breaking technique for the computation of equilibrium
prices has resulted in a new subdiscipline of economics: the study of
applied general equilibrium models ... Scarf was the catalyst behind the
creation of this subfield of the profession and in the transformation of
the general equilibrium model from a purely theoretical construct to a
useful tool for policy analysis.” (American Economic Review, 82(4),
September 1992)

In our view, this misrepresents Scarf's contribution. Johansen had
already solved a relatively large CGE model by a simple, computationally
efficient method? well before the Scarf algorithm was invented. Scarfls
technigue was never the most effective method for doing CGE computations.
Even those CGE modellers who embraced the Scarf technique in the 1970s
had by the 1980s largely abandoned it in favour of much older methods such
as the Newton-Raphson and Euler algorithms.

While the 1960s were not an active period in CGE modelling, they were a
key decade in the development of large-scale, economy-wide econometric
models (e.g. the Wharton, DRI, MPS, St Louis, Michigan and Brookings
models).4 Relative to CGE models, the economy-wide econometric models
paid less attention to economic theory and more attention to time-series data.
In CGE models, the specifications of demand and supply functions are
completely consistent with underlying theories of optimizing behavior by
economic actors. In economy-wide econometric models, the role of
optimizing theories of the behavior of individual actors is usually restricted to
that of suggesting variables to be tried in regression equations.

In the 1960s, the underlying philosophy of the econometric approach of
“letting the data speak” seemed attractive to applied economists. This may be
part of the explanation of the pause in the development of the CGE approach.

Section 2 contains a description of Johansen's method.

4 For a historical perspective on these models, see the papers in Kmenta and Ramsey {(1981).
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and improved computer programs {e.g. the availability of programs such as
GEMPACK, GAMS, HERCULES and CASGEN).6 In our consulting work in
Australia, we can now use CGE models to satisfy demands for analyses
disaggregated into effects on 120 industries, 56 regions, 280 occupations, and
several hundred family types. At this level of detail, no other technique has as
much to offer as CGE modelling.? As CGE modellers have learnt to handle
more detail, CGE results have become of interest to public and private sector
organizations concerned with, among other things: industries; regions;
employment. education and training; income distribution;social welfare and
the environment.

CGE modelling is now an established field of applied economics. Several
detailed surveys of CGE modelling have appeared in leading journals and in
books from prominent publishers [e.g. Shoven and Whalley (1984), Pereira and
Shoven (1988), Robinson (1989, 1991), Bandara (1991) and Bergman (1992}].
There are regular international meetings of CGE modellers, often followed by
the production of a conference volumes [e.g. Kelley, Sanderson and Williamson
{1983}, Scarf and Shoven (1984), Piggott and Whalley (1985 and 1991},
Srinivasan and Whalley {1986), Bergman, Jorgenson and Zalal (1990),
Bergman and Jorgenson (1990), Don, van de Klundert and van Sinderen
(1891) and Devarajan and Robinson {1893)]. Numerous monographs have
been published giving detailed descriptions of the construction and
application of CGE models [e.g. Johansen (1960}, Adelman and Robinson
(1978), Keller (1980), Dixon, Parmenter, Sutton and Vincent {1982), Harris
with Cox (1983). Ballard Fullerton, Shoven and Whalley (1985), Whalley
(1985), McKibbin and Sachs (1991), and Horridge, Parmenter and Pearson
(1983)]. At least three CGE textbooks are now available for graduate students
and advanced undergraduates [Dervis, de Melo and Robinson {1982), Shoven

Descriptions of general-purpose software for solving CGE models include Pearson (1988):
Codsi and Pearson (1988); Bisschop and Meeraus {1982); Brooke, Kendrick and Meeraus
(1988); Drud, Kendrick and Meeraus (1986); Meeraus (1983); and Rutherford {19854 and b).
The existence of this software means that economists interested in building and applying
CGE models no longer need either a high level of skill in programming or a sophisticated
understanding of algorithms for solving systems of equations.

The main alternative is input-output analysis and its extensions. We return to this in
section 4.
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second half of the 1980s of technological change and of changes in consumer
tastes. This has helped us to develop forecasts of these variables for the 1990s.
In addition, the update project has given us a framework for analysing struc-
tural changes in the Australian economy (see Dixon and McDonald, 1993b).

{c) Disaggregating and understanding what the statistics for the industries
represent

Most published CGE models have less than 30 industries. For many
purposes this provides inadequate disaggregation. For example, in subsection
4.2(b) we argued that convincing analysis of the costs of limiting CO2
emissions requires greater disaggregation of the energy sector than is normal
in CGE models. In forecasting, even with a 100-industry model it is difficult
to meet the requirements of clients, both in the public and private sectors,
seeking guidance in the allocation of funds between alternative investment
possibilities.

The development of a relatively disaggregated CGE forecasting model is a
major task. We are finding that it is necessary to think carefully about what
the statistics for each industry really represent. It is not enough to follow the
usual practice in CGE modelling of adopting the same specification (e.g.
Leontief, CES, nested-CES, etc.) to describe each industry's technology, with
only the parameter values differing between industries. Similarly, a uniform
specification of how imported products compete with domestic products {e.g.
the Armington specification) is adequate. We give two examples.

® Communication. In the input-output tables published by the
Australian Bureau of Statistics this industry has considerable imports
and exports. Does this mean that output and employment in the
industry are highly sensitive to exchange rate movements and to
costs in Australia relative to costs overseas? This is the conclusion
that follows in ORANI under standard specifications of the behaviour
of trade flows. On getting to know about the nature of trade flows in
communication, we find that this is not a sensible conclusion.
Communication imports are mainly payments by Australia’s Telecom
to overseas telephone companies for facilitation of the transmission
of calls from Australia. There is also a rental component for
Australian use of foreign-owned communication satellites.
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2. SOLVING A CGE MODEL

There are two main approaches to solving CGE models: non-linear
programming and derivative methods. In subsection 2.1 we describe briefly
the programming approach. Then in subsection 2.2 we give a fuller account of
a particular derivative method (the Johansen/Euler method). This latter
method is the one that we use to solve the illustrative model in section 3.
Subsection 2.3 is a discussion of how to solve multi-period or intertemporal
models. A special problem with the use of derivative techniques in solving
these models is the need to construct an initial solution.

2.1 The programming approach?

The programming approach relies on the idea that the solution to a CGE
model can often be deduced from the solution to an optimization problem.
Consider, for example a two consumer, pure-exchange (no production) model.
A solution for this model is a list of non-negative vectors,

E o= (P, C(1), C@2)}

satisfying the following conditions:

C(i) maximizes Ui{(C(i)} subject to P'(C(H) - Z()) = O, i=1, 2, (2.1)

I Cl) = = Z0) (2.2)
and Pl = 1, (2.3)
where

C(i) is the consumption vector for consumer i,
P is the vector of commodity prices,
Z(1) is the exogenously given endowment vector of consumer i; and

Uj is consumer i's utility function which we assume is strictly concave.

This approach to CGE computation was developed by several authors including Dixon
{1975, 1978a) and Ginsburgh and Waelbroeck {1981). For a recent contribution, see
Rutherford (1992). The theoretical underpinnings were given by Negishi (1960).
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None of our early ORANI forecasts have been close to reality. It is now
clear that we did not know enough about how to forecast the macro economy.
Because our macro forecasts were inaccurate, our industry forecasts were
unrealistic.

There are two approaches to macro forecasting in a CGE framework. One
is to rely on the CGE-generated macro implications of assumptions concerning
the future paths of variables such as aggregate employment, required rates of
return on capital, technical change and changes in the terms of trade. This
was the approach we used in our early forecasting exercises with ORANI. In
the second approach, we rely on the CGE model only for structural forecasts,
e.g. forecasts of the industrial composition of GDP and the occupational and
regional composition of employment. Under this approach, we force the CGE
model to produce results compatible with exogenously supplied macro
forecasts. These can be derived from a conventional macro model
emphasizing business cycle phenomena. Compatibility between the CGE
model and the macro forecasts is achieved by endogenizing in the CGE model
such variables as: an overall measure of technical change (allowing
compatibility between exogenously specified levels for GDP and for aggregate
inputs of capital and labour); an overall measure of import/domestic
preferences (allowing compatibility between exogenously specified levels of
aggregate imports and of the real exchange rate); the average propensity to
consume (allowing compatibility between exogenous specified levels for
consumption, GDP and tax rates); and the overall required rates of return on
capital (allowing compatibility between exogenously specified levels for
aggregate investment and for overall real unit labour costs).

Eventually, it may be possible to generate realistic macro forecasts in a
CGE model without help from specialist macro forecasters. However, at this
stage it seems sensible to exploit the advantages of division of labour. For
example, in forecasting for Australia, it is necessary to pay close attention to
overseas economies. This is because Australia's business cycle is closely
connected to that of the US and other major countries. The explanation is
that growth in the world economy is the main determinant of movements in
Australia’s terms of trade. These movements exert a strong influence on GDP,
the exchange rate and other macro variables in the Australian economy. By
building a CGE model capable of using exogenously given macro forecasts, we
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Non-linear programming methods can be extended well beyond the
pure-exchange case. They have been applied successfully in solving CGE
models which include production, investment, capital accumulation, taxes and
trade.!0 Nevertheless, we have found derivative methods to be more
convenient and flexible. This is also the current experience of most other
people in the CGE field.

2.2 The derivative approach: the Johansen/Euler method

We consider a model for which a vector V of length n is a solution (or
equilibrium) if it satisfies a system of equations

F{V) = 0, (2.10)
where F is a vector function of length m. The components of the vector V
represent: demands for and supplies of commodities and factors; prices; taxes
and subsidies; surpluses and deficits; technological coefficients and other
economic variables. The equation system (2.10) imposes conditions such as:

demands equal supplies; prices equal costs; and demands depend on relative
prices and expenditure levels.

We assume that F is differentiable and that the number of variables, n,

exceeds the number of equations, m. Exogenously given values are assigned to
n-m variables.

Finally, we assume that an initial solution, V!, is known. That is, we have
a vector V! such that

Fvly = 0. (2.11)

For a one-period model, finding an initial solution is usually trivial. As we will
see in section 3, VI can normally be read from the model's input-output
database. The problem is a little harder for some multi-period models where
the initial solution, V1, has to be constructed. As explained in subsection 2.3,
in most cases, this can be done quite eastly.

10 For a recent application of the non-linear programming method in a model including

these features, see Dixon (1991).
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The Industry Commission's work on CO2 emissions indicates that for
convincing welfare analysis, we need to add dynamics and adjustments costs
to the list of required features of the model. Unfortunately, the dynamics
required are complicated. Because they do not deal adequately with
scrappage, simple dynamic models, assuming perfectly malleable capital
stocks, are inadequate. Dynamic analyses of the costs of meeting CO2
emission targets which have adopted the malleability assumption (brown-coal-
fired generation capacity can be converted effortlessly into oil/gas capacity)
include Jorgenson and Wilcoxen (1992 and 1994). These analyses, as with
those based on comparative statics, may seriously underestimate the costs of
adjusting to meet environmental objectives.

McKibbin and Wilcoxen (1993a&b) analyse the effects of greenhouse-gas
reductions in a dynamic model with adjustment costs of the type discussed in
subsection 2.3 (case 4). While their work is an advance, it suffers from the
following limitations: the form of the adjustment-cost specification {they use
8I2/K)) has no clear theoretical or empirical justification; the critical
parameters, the s, are merely assigned, not estimated; and their model is
highly aggregated (for example electricity is a single industry) meaning that
the costs of moving resources within large sectors of the economy are ignored.

Perhaps the most promising approach to creating models capable of
generating satisfactory estimates of the costs of environmental policies is that
of Manne (1991). He is attempting to absorb a detailed energy model such as
MARKAL (Fishbone et al. 1981) into a CGE framework. Under our definition
{section 1.1), MARKAL is not a CGE model: if treats prices exogenously and
includes insufficient specification of the behavior of economic actors outside
the energy sector. MARKAL's strength is that it can include specifications of
dozens of energy-producing technologies (such as brown-coal-fired-electricity
generation in the south-eastern area) based on engineering data. Associated
with each technology is a non-malleable capacity constraint and a specification
of the costs of creating additional capacity. Progress in taking MARKAL-like
structures into a CGE framework has also been made by Adams et al. (1991)
and Jones et al. (1991).
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effects on output and employment in the footwear industry (components of
V1) of changes in various taxes and tariffs (components of Vo).

Is Fy(VY) invertible?

Four issues need to be discussed concerning the Johansen/Euler
computation. (2.14) - (2.15). First, is it legitimate to assume that F(Vl) is
invertible. From the implicit functions theorem!4, we know that the
existence of wﬂ?: is a necessary and sufficient condition for the existence of
a unique m-vector function G satisfying

F(G(Va), Va) = 0 (2.16)
for all Vg in a neighbourhood of <w. Consequently, if Fi(V1) is singular, then
our model either contains no answer to the question of how V} is affected by
variations in Vy in the region of <w, or it contains multiple answers. In either
case, failure to be able to apply (2.14) - {2.15) would not be the fundamental
problem. Rather, our problem would be either that there were contradictions
within our model or that the model was under-specified to answer the
question at hand. We can conclude that the assumption that ﬁ.:iv exists
does not limit the applicability of our computing method: the assumption will
be valid if we are attempting to compute the answer to a question to which our
model has a unique solution.

Approximation errors

The second issue concerns approximation errors, The matrix B(VY)
shows the partial derivatives, evaluated at V!, of the endogenous variables (Vi)
with respect to the exogenous variables (Vg). That is, B(V]) is the Jacobian
matrix of the solution function, G. Thus, for a given movement in the
exogenous variables, the valuation of dV) via (2.14) provides only a first order
approximation to the effects on the endogenous variables implied by the
model (2.12). Where (dV)irue is the exact vector of effects implied by the
model and (dV1)) is the set of effects computed via (2.14), we have

(AViirue = G(Vj + dVa) - G(V)
wz: dve + HOT
{dVi)s1) + HOT. (2.17)

il

i

14 See, for example, Apostol (1957, pp.146-148).
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Harris and Cox (1983) and Horridge (1987) experimented with price-
setting assumptions combining both the Lerner/Bertrand and the Eastman/
Stykolt specifications, For example, Horridge assumed that the markup of
firms in import competing industry i is

MU = Wil-1/(1 = 0; (1 = 1/Ng} + Wala; P (1 + TY/V, - 1] , (4.11)
where W and Wa are nonnegative weights summing to one.

In an application of his model to the analysis of the effects of reductions
in protection in Australian, Horridge found that when Wy is close to 1 (the
Lerner/Bertrand pricing specification) the results are similar to those
obtained under competitive assumptions with constant returns to scale. In
particular, calculated costs of protection are small. He also found that when
Wa is close to 1 {the Eastman/Stykolt specification), the calculated costs of
protection are much larger than those obtained under competitive, CRS
assumptions. Both these results can be understood by reference to our
diagram.

For import-competing industries, Horridge assumed, on average, that Nj
is about 12 and oy is about 7, giving a typical value for MUj in (4.8) of 0.185. As
shown in the diagram, variations in N; from 6 to 24 cause relatively little
variation (from 0.207 to 0.175) in MU;. Because his price-setting lines were
quite {lat, Horridge found in the Lerner/Bertrand case that changes in
protection could cause large changes in industry outputs without causing
much change in markups. Consequently, he found that percentage
movements in Nj were approximately equal to percentage movements in Zi.
(Notice in figure 4.1 that if output in industry i doubles, switching us from ray
OA' to OA”, then N; approximately doubles. Similarly, if Z; halves, then N;
approximately halves.) ~ With Ny approximately proportional to Z;, total fixed
costs in industry i are also approximately proportional to Z;. Thus, despite
allowing for imperfect competition and for economies of scale at the firm
level, the Lerner/Bertrand version of Horridge's model behaves in a similar
way to a competitive model with CRS specified at the industry level.

With the Eastman/Stykolt specification (Wg = 1), a cut in protection
causes a downward shift in the price-setting line. Because the Eastman/
Stykolt price-setting line is completely flat, a downward shift causes a
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This is not an appropriate place to offer a rigorous justification of (2.23).!3
Instead we offer a diagram and some suggestive algebra.

The diagram (figure 2.1) illustrates a 2 variable case in which we are
concerned with the effects on the endogenous variable (V1) of moving the
exogenous variable (Vsa) from <_m to <w + dVg. We assume that the form of G is

unknown but that we do know the initial solution zw./\_& and also how to

Slope = B(V!) = B (1 9

1 \ M_Omum = mﬂw.wy
<H+ AQ./\N:..: e

I Error in one-step computation
<~ + MQA\HVTS lllll b

. Error in two-step computation <Hu O?\wv
VI+ (dVD) e <
i+ (dVi) g g

vy
i .M 1
\ \ Va (Va+5 dvy) Vo +dvy Va

Figure 2.1 Johansen/Euler solutions

m<m_:m8nm1<ms<mmowao. n.m.ﬁmﬁw.;v,ﬁw;mv.gm:Smcmmmonm-mnm
Losmsmms\ Euler calculation to compute the effect on Vy of moving Vg from <M
to V3 + dVa, we obtain the answer (dV})@1), having an error of ac. When we

15 For a complete discussion of results such as (2.23), see Dahlquist, Bjorck and Anderson

{1974, pp.269-273).
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By rearranging (4.2} we obtain
MU; = (Fi/Vy) (N/Zg . (4.3}

Equation (4.3) is represented in figure 4.1 for different levels of industry
output by lines OA, OA’ and OA”. In drawing these lines, we assumed that Fy/V;
is constant with respect to variations in Nj and Z;.

The line BC in figure 4.1 is a price-setting line for a typical firm in
industry i. It is drawn on the assumption that as the number of firms
increases, the industry becomes more competitive, i.e., as Nj rises, each firm
perceives a higher (larger negative) elasticity of demand for its product. With

profit maximizing behaviour, the Lerner (1934) condition will apply. This can
be written as59

MUjg = -1/ (1 + g (4.4)

where MUjq is the markup by firm q in industry i, and g4 is g's perception of
the elasticity of demand for its product.

Assuming all firms are alike, so that MUjq = MU; and eiq = ¢ for all g, we can
rewrite {4.4) as

MU; = ~1 /(1 +g(Ng)) . (4.5)

With the perceived elasticity, &;, becoming a larger negative number as Nj
increases, we see that MUj is negatively related to N;. This is reflected in the
negative slope of BC.

For CGE modelling, we need a numerically specified relationship
between g and Nij. A possible starting point (Horridge, 1987) for obtaining
such a relationship is to assume that demanders of product i have preferences
for different varieties given by a CES function. This implies that the demand
function for the product of the gth firm in industry i has the form:

X(i,q = &~ 01 {Pi.g ~ Z¢ S(ir) Plir) (4.6)

59 Profit maximization requires that marginal revenue equals marginal cost, i.c.,

Py Zy ) 0Zyy w Pig + (0Piq/6Z1g) Zuig = Vi -

By dividing through by Piq. we arrive at (4.4). We assume that gg < - 1 80 that MUyg >0 .
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I I
= BjlVy) (£ dVy) + ByV, + 1/2 dV,)(1/2 dVy)

- [GylVy + dV,) - GVl

= ~-1/4 E<m% @%m/\wv . (2.27)
Hence

Error {two-step) = 1/2 Error (one-step) .

More generally, we can show that if Gj is quadratic, then as when we double
the number of steps, we halve the error, i.e.

Error {2r-step} = 1/2 Error (r-step) . (2.28)

Findings such as these suggest that simple extrapolation procedures may
produce accurate evaluations of (dVi)iye based on just one- and two-step
Johansen/Euler computations. For example, using (2.23) we find that

{dVilirue = 2(dVi)eg) - (dVi)e1y - (2.29)

The use of the right-hand side of (2.29) to evaluate dV; is an example of the
application of Richardson's qumwcwm:os.i Our experience has been that
such extrapolations are highly effective in producing accurate simulation
results in large models, using only a small number of Johansen/Euler steps.

What if the solution functions, G, are not well approximated by quadratic
functions? Then we may require four or even eight-step Johansen/FEuler
computations. However, over a long period, working with many different
models, we have found very few occasions in which it has been necessary to go
beyond a two-step computation supplemented by an extrapolation.

Convenience: deriving the differential form

The third issue which we will consider in relation to the Johansen/Euler
method is convenience. Is it difficult and time-consuming to do the total

17 See Dalquist, Bjorck and Anderson {1974, pp.269-273).
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and on the behaviour of both management and unions. With lower protection,
policy makers have argued

(a) that there are likely to be reductions in numbers of firms and
product lines allowing lower costs through economies of scale, and

(b)  that management is likely to work more effectively and that unions
are less likely to take actions imposing cost increases on firms.

Recognizing that they are missing the main motivations for reductions in
protection, CGE modellers have sometimes enhanced their welfare
calculations by assuming that tariff cuts are accompanied by exogenously given
improvements in productivity. This can produce welfare numbers more in
keeping with the views of anti-protectionists, However, such CGE calculations
merely illustrate the implications of anti-protection arguments. They neither
explain these arguments nor provide evidence in their support.

The most celebrated CGE work incorporating some of the features
required for a satisfactory analysis of the costs of protection is by Harris and
Cox (1983) for Canada. They allowed for economies of scale, intra-industry
specialization and non-competitive market structures. Their lead has been
followed by Horridge (1987), Norman (1980}, Mercenier (1994a) and others.

An illustration of the theoretical approach adopted in these studies is
given In figure 4.1. The horizontal axis shows the number of firms, Nj, in
industry 1 and the vertical axis shows the markup up in industry i over variable
costs:

MU; = P/Vi-1 (4.1)
where Pj is the price of good i and Vj is variable cost per unit of output.

We assume that {irms in industry 1 incur an annual fixed cost, Fy, and that
their variable cost, Vi, per unit of output is independent of their output level.
This implies that each firm experiences increasing returns to scale. We also
assume that the number of firms in the industry adjusts to ensure zero pure

profits, i.e.,
PiZy = ViZy + F{ Ny . (4.2)
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Table 2.1: Rules for Deriving the Percentage-change
Version of a Model

Representation in:
levels percentage changes
multiplication rule X = YZ - X=y+2z
power rule X = Ya — X = ay
addition rules X =Y+7 - Xx =Yy + Zz
orx = m.u\ y+S,z

X, Y and Z are levels of variables. x, y and z are percentage changes. aisa
parameter and Sy and S, are shares evaluated at the current solution. In the
first step of a Johansen/Euler computation, the current solution is the initial
solution. Hence Sy = yIx! and S;=2zlxl m subsequent steps, Sy and Sz
are recomputed as X, Y and Z move away from their initial values.

solution. Economists normally prefer to work with elasticities rather than
with derivatives which depend on the units in which variables are measured.

Going from the levels representation, (2.12), of a model to a differential,
percentage-change representation, {2.30), usually involves the application of
only the three rules shown in Table 2.1. After some practice, application of
these rules becomes quite straightforward and the resulting percentage-
change representations are often more readily understood and interpreted
than the corresponding levels representations.

In the case of demand and supply functions derived under the
assumption that economic actors are optimizers, we can usually derive the
percentage-change representation without bothering about the specification of
the levels representation. For, example, in most general equilibrium models,
we assume that the demands for inputs (X1, Xoj,....Xnj} by producer j are
chosen to minimize the costs of producing a given level of output. A popular

19
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o Changes in protection change the regional allocation of activity in
Australia with Victoria gaining from increases in protection and
Queensland and Western Australia losing. Similarly, changes in
protection change the occupational composition of employment.

Apart from protection, there are many other issues for which adequate
analysis requires recognition of linkages arising from economy-wide
constraints. Some of these were indicated in the opening paragraph of
section 1. Here we give one more example, again drawing on an ORANI
application (see Adams and Parmenter, 1993).

The question to be answered was: what would be the implications for the
states of a general stimulation of international tourism in Australia? Part of the
ORANI-generated answer was that Queensland (Australia’s sunshine state and
the main destination of many foreign tourists) would be a small loser. The
explanation relies on linkages between different parts of the economy
provided by constraints on the trade accounts.

Certainly international tourists spend money in Queensland, although not
as much as we thought prior to becoming familiar with the relevant statistics.
Although many tourists travel in Queensland, the bulk of their money is spent
in New South Wales, especially on airline tickets for flights in and out of
Sydney. Thus, the Queensland economy experiences moderate (not huge)
gains from the expenditures of international tourists.

The downside for Queensland comes from the trade accounts., With
stimulation of international tourism, there is, according to ORANI, a
strengthening of the exchange rate. This impacts adversely on export-
oriented activities including mining and agriculture.58 With these activities
representing a comparatively large share of its gross state product,
Queensland is left as a net loser from general tourism stimulation.

It is in the tracing out of linkages arising from economy-wide constraints
that CGE modelling has had its greatest successes. With the advent of CGE
modelling, the input-output approach, with its exclusive reliance on linkages
arising from flows of intermediate inputs, is no longer credible.

58 This is an example of Dutch disease: a booming export sector (tourism) impacts adversely

on other trading sectors, see, for example, Corden (1984)
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Sy = by XM/ by XM, for t=l,..n. (2.41)

mwaz:wm_ﬁnmﬁ.wwwgnocmwvwm_a.m:EBhsmogﬁmzwmmazmwnmﬁ.pov.s\m
obtain v

N o= Zipt Sy . {2.42)

Substituting (2.42) into {2.39) and rearranging gives a representation of the
input demand functions which could appear in a percentage-change version of
a CGE model:

Xgy = 7 - ojlpk - It Sy pt) . t=1....n , (2.43)

where oy is the elasticity of substitution between inputs and is given by oy =
1/(1+pp).

- In interpreting (2.43), we start by noting that (2.41) and (2.37) imply
that the Ss are cost shares, i.e.

Sy = Py vmc,\Mx Py Kk t=1,....n. (2.44)

Now we can interpret (2.43) as follows. Reflecting the assumption of constant
returns to scale underlying (2.36), (2.43) implies that in the absence of price
changes producer j's demands for all inputs will change by the same
percentage as its output. If the price of input k rises relative to a cost-share-
weighted average of the movements in all input prices, then producer § owill
substitute away from input k, i.e. producer j's demand for k will rise less
quickly than output. The strength of this price-substitution effect will depend
on the value of the substitution parameter Oy.

Not all equations from CGE models are more simply represented in
percentage changes of variables than in levels. Some equations (e.g., those
specifying total tax collections as the sum of collections of many different
types of taxes) are straightforward summations in their levels representation.
In their percentage-change representation, they involve some clumsy notation
to represent varlous share coefficients (e.g., the share of total tax collections
accounted for by the tax on the use of domestically produced good i by
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4. CONCLUDING REMARKS: ACHIEVEMENT, FAILURE AND
POTENTIAL OF CGE MODELLING

This section contains three propositions:

(1} CGE models have provided useful insights on the likely effects of
disturbances in one part of the economy on activity in other parts;

{2) CGE based analyses of the welfare effects of proposed policy changes have
been unconvincing; and

{3) CGE models are yet to fulfil their potential for providing guidance to
people concerned with investment and other business decisions.

4.1. Achievement: quantifying linkages between different parts of the
economy

Before CGE models there were input-output models. These emphasise
input-output linkages between industries. They imply that stimulation of the
motor vehicle industry, for example, perhaps from the imposition of a tariff,
stimulates the sheet metal industry. In turn, this stimulates the steel industry
and so on.

Input-output computations imply that stimulation of any one industry
stimulates all industries with widespread employment gains. Not surprisingly,
input-output models have been and remain a popular tool of lobbyists seeking
government favours for their industries.

CGE models go beyond input-output models by linking industries via
economy-wide constraints. These include: constraints on the size of
government budget deficits; constraints on deficits in the balance of trade:
constraints on the availability of labour, capital and land; and constraints
arising from environmental considerations such as air and water quality. With
these constraints in place, the economy-wide implications of stimulation of
one industry can be negative and a favourable outcome for some industries can
be at the expense of others.
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and
min{l, S} =0 ., {2.49)

where S is a nonnegative slack variables. Then they include (2.49) in the gth
step of an n-step Johansen/Euler computation as

Uﬁm.ﬂv Qﬁm.wd + HQ:AW'—;L v + :. - Urﬂﬁv v mmﬁm.ﬁv + Aﬂmvﬁm.ﬁw v =0 AN.mOv
where Oﬁé is a coefficient defined by

D

i

g.n) Lif HE.E < mﬁm.:v . {(2.51)

and
Dgn) =01lg ) =84y, - (2.52)

To see how (2.50)-(2.52) works, assume that we are conducting an n-
step computation of the effect of a 100 per cent reduction the tariff protecting
an industry’s domestic market from import competition. Assume that in the
initial situation (i.e., before the tariff reduction), investment in the industry is
positive, i.e.,

H:.HL > 0,
implying that
m:.dv = 0 and HN:.BW = \ﬁ:.ﬂv

With 1y 4y > S(; q) » we have D(j,n) = 0. Thus, in the first step of our
computation, (the effect of reducing protection from its initial level to n-1)/n
times that level), {2.50) reduces to

dSyym =0
This means that R will continue to equal T, i.e.,
?wma:.ﬂv = AQ\H;V:.S.V .

With lowered protection, we would expect our model to imply that the
industry’s rate of return can be maintained at T only with a smaller capital
stock and reduced investment, i.e., we expect
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2 in the production of both these commodities. This is apparent in forecasts
of growth in sectoral activity levels. Activity in sector 3, a single-product
sector which is the sole producer of commodity 3, must expand at the same
rate as the output of commodity 3.

The employment forecasts are implied directly by the forecasts for
capital growth, activity growth and technical change. With rapid capital
growth and labour-saving technical change, employment growth in sector 1 is
quite modest despite its strong activity growth. In sector 2 also, labour-saving
technical change is forecast to keep employment growth slower than activity
growth, despite the absence of growth in the capital stock. According to our
exogenous scenario, sector 3 enjoys no technical improvement. Hence, even
with quite strong capital growth, employment growth at a rate not much less
than activity growth is required.

Growth of sectors' capital stocks through the forecast year depends on
their rates of return (cf. equation 3.13). As we have explained, in year 1
capital is especially scarce in sector 2. Hence, it is forecast to undertake the
most rapid capital expansion. Forecasts of investment growth rates are
generated by equation 3.14. Given data on sectors' initial investment/capital
ratios, it calculates the investment growth necessary to support the forecast
growth in sectors' capital stocks through the year. With the initial conditions
in our data, the strong growth in investment in sector 2 requires very rapid
growth of investment. For sectors 1 and 3 on the other hand, investment
levels in the data are more than sufficient to support forecast capital growth.
Hence, their investment levels are forecast to decline.

For some endogenous variables we examine the rows in Table 3.8 to
illustrate the operation of the dynamics of the illustrative forecasting model.
The exogenous scenario is designed to represent a business cycle typical of
that facing the Australian economy. Growth increases in years 2 and 3 with a
strengthening of the terms of trade, higher rates of growth of export volumes,
and strong growth of investment. In years 4 and 5, all these weaken as
determinants of growth .

Employment f{ollows this cycle closely, despite the pro cyclical
movement in labour-saving technical change which we assume. The effects of
the increase in the rate of technical change in year 2 can be seen,
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Thus, investment will stay at zero while we can expect S to increase as we
implement further reductions in protection. With the completion of our
computations (i.e., with the simulation of a 100 per cent reduction in
protection} we would expect to arrive at a solution, compatible with (2.45)-
(2.47), in which ::.E =0 and %3.3 < T.

Horridge and Malakellis have found that their approach allows the
Johansen/Euler approach to be implemented quite easily via GEMPACK in
models containing a small number of inequality constraints. Unfortunately
they find that extrapolation procedures {e.g., Richardson's extrapolation) are
no longer effective. In applying their method, we also need to exercise care to
ensure that the differential form of the model stays well defined when, during
the computations, varlables stray into illegitimate regions (e.g., negative
investment).

In our own applications of the Johansen/Euler approach we have usually
avoided running up against nonnegativity conditions and other inequality
constraints by using: utility functions implying large marginal utility for any
commodity consumed at close to the zero level; production functions implying
large marginal products for any input close to the zero level; and investment
specifications implying reductions in required rates of return as investment
levels approach zero. Nevertheless, Horridge and Malakellis have shown that
model builders wishing to use derivative methods such as the Johansen/Euler
approach should not feel compelled to eschew theoretical specifications
involving a few inequality constraints.

2.3 Solving a multi-period model

We consider four cases, each concerned with a model in which capital
stocks available for use in year t+1 are determined by investment which takes
place before year t+1 begins.

In case 1 investment is exogenous. In case 2, investment and capital
accumulation in year t+1 depend on expected rates of return for year t+2,
which we assume are determined by actual returns to and costs of capital in
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projections of labour-saving technical change54. We have built into it two
stylised facts: pro cyclical movements in labour productivity; and slow
measured technical progress In services (Sector 3) relative to other sectors.

The scenario includes projections for the domestic demand aggregates.
These follow the cyclical pattern dictated by the export projections and their
implications for the terms of trade. Typical of historical experience,
investment is projected to be significantly more volatile than consumption.

Our hypothetical scenario includes a program of tariff reductions which is
assumed to be complete by the end of the third year.

The final two variables in the exogenous scenario are the CPI and the
demographic variable, the number of households. The first of these is the
numeraire. Our projections for import prices reveals our implicit assumption
about the world rate of inflation. Note that we are assuming that on average
the domestic rate of inflation will be a little lower than the world rate. This
has been a feature of Australia's recent economic history. The only role played
in the forecasts by the demographic variable is in the determination of the
commodity composition of aggregate consumption (see equation 3.3).

Resulis for endogenous variables

Part (b) of Table 3.8 reports forecasts for selected endogenous variables.
Space precludes a very extensive discussion of these results. Our strategy for
demonstrating the type of insights which this forecasting technigque allows is
first to explain the results for year 1 in some detail. The type of explanation
which we give for the year-1 column should readily be applicable to the other
columns. We then point to some features of the across-years pattern of the
results which illustrate the implications of the underlying dynamics of the
model.

We turn first to the results for year 1. The terms-of-trade forecast is a
direct implication of the world-price projections in the exogenous scenario.
With relatively slow growth in the world price of the major export commodity,

This is not to suggest that other aspects of technical change are unimportant. Dixon and
McDonald (1993a} find, for example, that input biases in the patterns of intermediate-
input-saving technical change were very important in explaining the growth of imports in
the Australian economy in the late 1980s.
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D is a diagonal matrix of depreciation rates; and

Vi{t) and de are other variables for year t. A\._E is the vector of endogenous
variables such as domestic prices and outputs and Val(t) is the vector of
exogenous variables such as world commodity prices, taxes and
technological coefficients. AJE and m\mE could have been defined to
include Kf{t-1), Q(t), IT{t} and I{t}). However, these latter variables have
important roles in our description of multi-period modelling and we
prefer to represent them explicitly.

For any given value of , say t=t, equation (2.55) specifies a typical one-
period CGE model. It imposes conditions such as demands equal supplies,
prices equal costs and demands and supplies are consistent with optimizing
behaviour by various economic actors. K(z-1), capital availabilities in year =,
can be thought of as a vector of exogenous or pre-determined variables in the
year-t CGE model.

Equation (2.56) says that capital available for use in industry | in year t+1
li.e.. Kj{t)] equals capital available in year t depreciated at rate
Dy li.e., :,Ut Kj(t-1)} plus investment in year t [i.e., Ij(t)l.  Figure 2.2
illustrates the timing of events.

_ year t _ year t+1 _ year t+2 _
_ Q) _ Qlt+1) _ Q(t+2) _
K(t-1) Ti(t) K(t) {t+1) K(t+1) TII{t+2) K(t+2)
I(t) I{t+1) I{t+2)
Vi{t} V(t+1) Vit+2)

Figure 2.2 Timing in the multi-period model

We assume that the year-t model contains no theory of investment,
but that if I{t) is set exogenously, then the year-t model [together with
predetermined values for K{z-1) and exogenously given values for Vy(t)] is
sufficient to determine the other variables for year t: Qft), Il(x) and @:i. This
means that if we know K(0) and we have an exogenously specified time-path
for investment {I(n), 2),....1(T}}, then model (2.55) - (2.56) can be solved as a
series of one-period CGE computations. First we use (2.56) to compute the
time path for capital stocks {K(1),K(2),....K(D)}. Then given @mg. we can, in

principle, compute V(). Q) and II{x) by solving the one-period CGE model
specified by (2.55) with t = .
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In forecasting with MONASH we drive the very detailed CGE model with
exogenously specified scenarios for most macroeconomic variables and for
some structural variables. The macro scenarios are taken from a business
forecasting group and the structural forecasts from expert bodies like the
Australian Bureau of Agricultural and Resource Economics ({ABARE). The role
of macroeconomics in forecasting with CGE models is discussed further in
section 4.

Closure for recursive forecasts

The closure for the forecasting simulations is given in the final column of
Table 3.5. It differs from the standard short-run closure {column 1 of the
table) only in the treatment of variables in the last of the four blocks.

In each of the annual forecasts, the xm%?w% i.e., the capital stocks

available for use in the forecast year, are exogenous, as they are in short-run
comparative statics. Unlike in comparative statics, for the forecasts we shock
the xﬁwrmv. Except for the first year, the shocks are results for xmmrw::
obtained from the forecasts for the previous year. For the first year the shocks

are calculated from the data.

Aggregate investment (as well as aggregate consumption) is exogenous in
the forecasts. This requires “fic” to be endogenous, breaking the link in
equation 3.19 between the growth rates of investment and consumption. The
allocation of investment between sectors is determined in the forecasts by
equations 3.13 and 3.14, as in our comparative statics. Equation 3.183
determines through-the-year growth in the capital stock in each sector
according to the rate-of return movement in the sector. The accumulation
relationship 3.14 then determines the sectoral investment growth required to
support the capital growth. The role of the endogenous variable fi is to ensure
that the sectoral investment growth rates are consistent with the exogenous
growth rate of aggregate investment.

The numeraire in the forecasts is the rate of inflation of domestic
consumer prices rather than the nominal exchange rate. In the forecasts the
export volumes of all commodities are exogenous.
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and other data for the base-period give us a solution to (2.65) for t=1, i.e., we
assume that V{1) is known.

We can now proceed recursively. Using V(1) we can evaluate B(1). Then
from (2.59), we can compute v{(2). Next we compute V(2) by using formulae
of the form

vii2y = vl 1 + v 2) /100) (2.63)

where VU(t) is the value of the jth variable in year t. With V(2) in place, we can
evaluate B(2) and compute v(3), and so on.

Case 2: Endogenous investment but still recursive

Investment depends on rates of return. As the first step in moving
towards a multi-period model with endogenous investment, we add to our
previous model [(2.55) - (2.56)] the following definition of the rate of return in
year t+1 on capital in industry j:

Ry(t+1) = ﬁ@:;‘:):a - T4t + EAT.H:H-U_V\::: /T4t
for all j and for t=1,...,T-1 , (2.64)

where 1 is the rate of interest, which we will treat as a parameter. In this
definition, we assume that an outlay of I1§{t) in year t buys a unit of capital
ready for use in year t+1. This earns a rental in year t+1 of Q;lt+1). The unit
of capital depreciates at the rate Dy and can be sold in year t+1 for
My{t+1)(1-Bj). In other words, Ry(t+1} is the present value in year t of
investing a dollar in industry j.

Next, we add the equation
Kj(t)/K(t-1) = Fielt) Figglt) (Rje.t+1)%
forallj and fort=1, ..., T . (2.85)

That is, we assume that the rate of growth of capital through year t depends
positively Ao@ > 0) on the rate of return expected in year t to apply in year t+1.
The two F variables in (2.65) are shift terms which can be used in various
ways. For example, we could set

29



L9

‘suonendwos dais-{ o) 10] poINIRSANS 2q PINoY sampoadoxd

dals-pinur ‘SUOHE[NWIS [ENUUER Y1 U S$I0LID UOHBZIILSU]] INOJE POUIDUCY 3IB oM j]
(F661) IusuLeg pue soydeop

‘PIRUOCION “UOXI(] ‘SWEpY 2905) INVHO Jo uoisioa Supisesolo] pouad-pnw e 8) HSYNOW

€8

e

‘UOHBIUIIS [BNUUE JXau
2y} 10y siseq 2y} se ejep pojepdn sy} ssn pue Blep 2y3 21epdn 01 synsar 9y
ST 9m UOIIR[NUIIS [BNUUE 0B WYY ggUonendwoo reing/ussueyop dajs-1 e
UM 9PBW SEM [[OIUm JO UOBd SUONB[NWIS [enuue aaly osduiod Aoyl -Awiouoss
URI[RIISNY 9] 10] SISBOSIO] 9YBUI 0] pg[epowl HSYNOW 211 Sulsn aIe am
MOY MOUs 01 Paudisep 218 g'g 2[qel Ul $)Se0alo] oyl sejer yimold sfejusoiad
1eoh-uo-1e94 se pojexdiajur ag 01 are suopenbs oBueyo ofejusorsd oy
Ul SS[QBLIBA 9L "£'g UOND9S Ul 7 9580 I0] Paquiossp uopesynads Juawisaaul
2y} JuIsn ‘SAISINDAI ST [OpOW Iy} ‘2powr FUNSEODIO] U] C[epOW IATIRUIST{[
INo UM opell S)SEO210) Iesk-aaly 1edneulodAy surejuod g'g Iqelr

83580010) yesl-0arg (0)

7 PUE T SOMIPOUIOD
Jjo saond 28U} 0} 2aIIB[EI UISKI sey yolym jo aopd oy ‘g AUPOWIuo) pspel}-uocu
oy} woy Aeme NSNS SIRWNSUCD SE §I0BIJU0D ¢ 10}09g -ainjonyys jnduy
s31 ut suoduy Jo axeys afIe] A[9ANIE[SE 9] JO ISNEBIAC UONONPAI 1800 JUEDdIUss
e shofue Ing sunjonns sopes syt up Aupowwod Sunedwon-jrodwyy Urew 2y} jo
areys afrey ayy 4q oeq pleYy sy g 10109g ~Ajfuons Sumpurdxs se ‘xonrodxe urgw
Y3 ‘I 101098 MOUS (B - /L SMOI) S108JJ0 [BI0J09S 2] '9pBI} JO SULID] 31} 9pold
pInosm ‘S9[Npayds PUBWAP PLIOM Y} JO SIMIONSe® oy noge suondunsse
ano uaald ‘syrodxe ul oseatour oyl (y moi) suodxe osie Ing (g mod)
sjrodul] ajenuins pinom spilel Sungsioge yeyl 1s988ns suonemus oYL

‘UOIIN|OS JBaUI[-UOU [[N) SU} WO UMBID 3¢ P[NOd YoIym 9504]
WO JUSIRIP A[[EIIUBISONS JOU S8 1 WOl UMBIP 9( PINOJ YOIYM SUOISN{OU0D
Aomod oyl jeyy yons $ T uwnjod ur uornios dols-1 Syl uAd Jo AdBInooe
oyl (uonnjos deis-om} e pue uopnjos dais-1 B) [9powl Jy] 01 SUOIINOS
omy 1snf paxmbar g uwnjeo sonpoxd o], “jxope Supnduwiod jsepowr AUo ynm
pourelqo 8¢ 01 SUOHN[OS 2)eINddE A1sa smofje uvonejoderixs yum sinpasord
I9[NF /U2SUBYO, S} JO 2SN ‘SISED 150U Ul ‘Jey} 20usnodye Ino SWLIyuod sIyL
‘§ UWIn[od Ul 9s0U} 0] ISO[0 I8 ¢ UWINJOD Ul SI[NS3I 3y} ‘SIBLIBA [[€ 104

og

sarqeries o4t ‘{(04°g) - (69°'2) pue (Lg°7) “'9'1] weysds wng/ussueyor papuedxa
SIy1 Ul (9g¢'zm) jo uorsiaa ofueyo-sfejusorsd e s {02°%) uonenbs pue
{(89°7) Suneiodioour (G9'z) JO uoIsIaA ofueyo-afeiusoiad B s (69°7) uvonenby

(02'2) " 1-L " ‘1=) 10§ pue { [fe 10
(0 of + o aa% fan = aah ofy
pue
(69°2) T1-L' ‘1 =1.10) pue [ {[e 10
(o0 - o) (fula - w'er/mie)fe + P+ @l = wh - @

FUImol[o] U3 (£G'7) WeIsAS 19[NF /UIsuRyo S} 0] ppe om ‘S
9jerjsuowap o -enbruyoey semg/ussueyop oy} Suihidde ‘APAISINIOI 9A[0S
0} ST FUIMO[IE [{1IS S[IUM JUDUIISOAU] SNOUIFOPUD Ylim [9powl ® sn aa1f Loy
eyl st (89°7) 10 {£L9°7) se yons suondunsse suoneiadxa jo sfeiueape uy

(89°2) Lot =roppue (e oy fa- (win/m ') = aenk

Surureqo ‘(29'z) Anduns weo am ‘Jui=1 ey} Sununsse &g uorB[LY JO 911
[erousy oy Aq saiqeLrea [eupmiou (e Supjepjur Aq 1 104 U POLLIO] oIe T+] Iedk
Fupueouos suopeloadxs Jey) pewnsse om ‘s eyl C(Juri) Aq pendpmua § uy
S[oa9] J1ov) Aq paoerdar T[+3 Jesd 0] sergertea 9o1id pue [eiuLI im :+5.~m 10]
BINUWLIO) 9} 1110 9]0Im 9m ‘(£9°g) SUIALIOD U] UOIB[UL JO 9JBI S} ST Jui 21aym

(L9°2) LT =) Joy pue [ e 10

+1 (o
gur+1) (4 s
Tey) ueaw o} sy}

afe} am suoryeldadsxo opels s1 wunyad Jo 91e1 patoadxe ayy Jo Aloaty) suQ

{(1+1)

T i
(ta-1) gur+r)

= 11Nk

"orel pusay uni-Juol s Je '} 189k ur ‘aq [ [ Ansnpug
ur ymoas rended (g9'z) tepun woyl ‘(N sienbs :i.aMm pue 1 18 Jos 81 3y
I '90uULapyuo0d ssaulsnq Jo [94a9] oY) Ul afueyd (oyoeds-Ansnpur jou) [[elsac ue
JO $309]19 5 91B[NUS 0] PIsn 9¢ PMod My ‘wInjel jo oyel peuniou s s ((RRIN
pue [ Ansnpur ur rendes jo yimosd jo orexr pusyy uni-guoy oy st (8L sreum

(99°%) C LN/ (00T /(08 + 1) = Pl



(b} Effects of tariff changes: multi-step simulations

Another topic which we have analysed via comparative-static simulations
with ORANI is the short-run effects of reductions in tariffs on imports. The
significance of this issue in the history of CGE modelling and as a policy issue
in Australia is discussed in section 4.

A closure suitable for short-run tariff simulations is given in the third
column of Table 3.5. It is identical to the closure used for the simulations
underlying columns 1 and 2 of Table 3.6 (see the first column of Table 3.5)
except for the treatment of the variables listed in the section of Table 3.5
headed “Revenue constraint and wage setting”. In computing the effects of
tariff changes we impose a real tax-revenue constraint. By adjusting the
consumption-tax rate, the model ensures that the tariff changes are revenue-
neutral.  Hence, the real tax-revenue variable is switched with the
consumption-tax shifier Ewa as exogenous. We also choose to hold constant
nominal, rather than real, wage rates. Hence, @mmr: is exogenous, with
equation 3.16 playing no role other than to determine the value of »mﬁ.:.

Results of simulations of the abolition of tariffs under this closure are in
Table 3.7. Given our database (Table 3.1), abolishing the tariffs requires
percentage reductions in the powers of the tariff rates on the model's four
commodities of, in turn, 16.00, 10.00, 0, 33.33. These shocks are quite large,
raising doubts about the accuracy of 1-step Johansen/Euler solutions. Using
Table 3.7 we can consider whether such doubts are justified. Column 1
contains 1-step results, column 2 contains results computed via a 2-step
procedure with no extrapolation, column 3 contains results extrapolated by
the Richardson method from the 1-step and 2-step solutions, and column 4
contains results extrapolated from 8-step, 16-step and 32-step solutions. We
regard the results in column 4 as not significantly different from the full non-
linear solution. This is confirmed by row 1 of the table which shows the
percentage change in aggregate tariff revenue asymptoting to -100 as we
increase the accuracy of the solution. With a negative relationship between
the c.Lf. value of imports (the revenue base) and the tariff rates, it is clear that
the 1-step solution will understate the revenue effects of reducing tariff rates.
It also understates the revenue effects of the offsetting increase in the rate of
taxes on consumption {(row 2 of the table).
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are vi(t+1), Va(t+1), q(t+1), =(t+1) and i(t+1) for t=1. ..., T-1: and Kk(t+1) for
t=0, ..., T-1. All of these are vectors of growth rates connecting years t and
t+1.

For t=1, the addition of (2.69) - (2.70) expands the original system,
(2.57}, by 2h equations where h is the number of industries. The expanded
system for t=1 also contains 2h+1 new variables: k{2, fxy(2) and f£i(2).
Assuming that the fs are set exogenously, the expanded system for t=1 can
now determine growth rates for h previously exogenous varlables: §(2) for
J=l....h. After solving the expanded system at t=1, we can, as before, compute
V(2). Then we can set t=2 and solve the expanded system [(2.57), (2.69) -
{(2.70)] for growth rates in the endogenous variables for year 3, and so on.

In our illustrative model in section 3, we adopt equations (2.69) - (2.70).
However, rather than exogenizing fi(t+1) for all t, we either exogenize
aggregate investment in each period or fix aggregate investment in relation to
aggregate consumption. For period t+1, fi{t+1) is determined endogenously
to ensure sufficient growth in capital stocks through year t+1 to absorb the
given aggregate level of investment.

Case 3: A nonrecursive multi-period model
An alternative to (2.68) is
Rit. t+1) = Rylt+1) for all j and for t=1.2,....T . (2.71)23

This is the assumption of model consistent or rational expectations. With
(2.71) replacing (2.68), we must rewrite {2.65) as

5.3\@2-: = F(t} muE.E aﬂw?i:é for all j and for t=1, ... T, (2.72)
and replace (2.69) by

w&?: - JE = fi(t+1) + @&:4{: + gy Jm:wv for all j and for t=1, ../T-1,{2.73)

23 This equation calls for a value of Rj(T+1) which is beyond the range of (2.64). In

applications of a model such as the one we arce describing, we would expect to set the
Ri(T+1)s exogenously to reflect the assumption that in the long-run, rates of return settle
down to normal levels.
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endogenous, adjusting to ensure that sector-specific investment changes are
consistent with the movement in aggregate investment.

The nominal exchange rate (e} is the numeraire in the comparative-static
simulations with domestic prices, including the CPI, endogenous,

In the comparative-static simulations, we set the rate of export tax on
commodity 1, the main exported commodity, exogenously and allow the
model to determine movements in the volume of exports. The basic price of
domestically produced commodity 1 is then linked tightly to the world export
price (cf., equation 3.12). Exports of the other three commodities are
exogenous, with their export-tax rates endogenous, breaking the link between
movements in their domestic and world prices?S.

Results

The results in row 3 of the first two columns of Table 3.6 show that, in
the standard short-run closure, employment is generated both by a cut in the
CPl-deflated wage rate {with aggregate real absorption held constant) and by
an increase in aggregate real absorption (with the CPl-deflated wage rate held
constant). Both shocks reduce the real wage from the employers' point of
view, that is, they both reduce the ratio of the wage to the average rental price
of capital (row 4).

In the case of the increase in absorption, the main mechanism which
triggers the reduction in the employers’ real wage is an increase in the terms
of trade (row 5) which raises the GDP price index (row 6) relative to the CPI
(row 7). The increase in absorption improves the terms of trade because it
crowds out exports of commodity 1 {row 8}, driving up its world price. Note
that under the wage-cut shock exports expand and the terms of trade
deteriorate. This reduces the GDP price index relative to the CPl, moderating
the fall in the producers' real wage.

48 This expedient reflects our inadequate understanding of what determines export volumes

for the economy's minor exports and a recognition that domestic prices of these products
tend to move quite independently of world prices. Some care is needed to ensure that

collection of the endogenous export taxes does not distort unduly a model's public-finance
results,
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then we can use the rules from Table 2.1 to form a percentage change version
of (2.74):

F'iviiv = 0 (2.75)

A
where F* is the Jacobian matrix of F evaluated at V! and multiplied by VI, and v
is the vector of percentage deviations in variables from their initial values. (It

is worth emphasizing that components of v are not growth rates through
time.)

Once we have system (2.75), we can divide the variables into endogenous
and exogenous sets. Then we follow the steps described in (2.30) - (2.31) to
compute, for example, the effect on output and employment in the footwear
industry in all years of an anticipated change in the tariff in year t.26

How do we find an initial solution, VI ? Unlike the situation in a one-
period model, we cannot, for a multi-period model, simply read a solution
from our input-output database.

In some models, it is easy to find a steady state or a balanced-growth
path: i.e. we can find a solution of the form

vi o= (viq), 8 Vi), g2 viq) ... 811 Vi) (2.76)

where w is a diagonal matrix (possibly the identity matrix) of growth factors.27
However, not all models have a solution of the form (2.76). In any case, a
solution of this form may be rather far from a realistic solution around which
we would want to compute deviations.

An alternative approach to finding a V! involves an initial recursive
simulation, followed by a correction.28 For example, consider the model

26 In models with rational expectations [i.e. with expectation assumptions such as (2.70)].
any change in tariffs in year t is anticipated. It affects behavior in years t-1, t-2, ... as well
as inyears t, t+1.....

27 For example, Bovenberg (1985} uses this method.

28

This method was suggested by Mark Horridge and s related to the homotopy concept {see

Zangwill and Garcia, 1981, chapter 1). It has been developed and applied by his student
Michael Malakellis (1992, 1994).
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Table 3.8 {continued)

Variable ” Year 1 _ Year 2 _ Year 3 _ Year 4 _ Year 5

(b} Endogenous variables (continued)
Supplies of Domestic Goods

Commodity 1 3.12 4.40 3.05 2.78 2.26

Commodity 2 2.40 4.31 3.01 2.84 1.98

Commodity 3 2.90 4.38 3.24 2.39 1.76
Capital in use

Sector 1 4.50 2.31 3.02 3.64 3.28

Sector 2 ~0.02 4.33 2.18 4.47 2.92

Sector 3 3.47 2.88 4.08 3.91 3.59
Activity Levels

Sector 1 3.98 4.16 3.11 2.76 2.52

Sector 2 1.62 4.50 2.96 2.86 1.73

Sector 3 2.80 4,38 3.24 2.39 1.76
Employment

Sector 1 1.72 1.08 1.15 0.81 1.14

Sector 2 0.57 0.59 1.41 .41 0.04

Sector 3 2.65 5.06 2.86 1.69 0.94
Capital growth (though year) )

Sector 1 2.31 3.02 3.64 3.28 2.52

Sector 2 4.33 2.18 4.47 2.92 2.21

Sector 3 2.88 4.06 3.91 3.59 2.27
Investment

Sector 1 ~11.24 8.17 7.93 0.91 -2.59

Sector 2 43.63 -11.30 21.33 -6.71 -2.76

Sector 3 -1.09 12.28 3.00 1.50 -6.45
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Case 4: A non-recursive multi-period model with optimizing
investment behavior

In section 1, we claimed that a strength of CGE modelling is its reliance
on optimizing theories of behavior by different economic actors. Equation
(2.72) rests uneasily with this claim. It was not derived from any explicit
optimizing specification.

An optimizing specification which is often used in the derivation of
investment equations for multi-period CGE models is as follows?®: industry j
chooses Li{t+1) and Kj{t+1) for t=1,...,T-1 to maximize

o Qylt+1) Kift) M{t+1) (le+1) + 0 :m:;ﬁw:
2 A (1+0)t — ~ (1+r)t w
=0 L@%W% +(1-D) >_.3+£ K;(T) (2.78)
subject to
Kjt) = (1-Dj) Kjlt-1) + It} for all j and for t=1,...,T, (2.79)

with mmﬁow given.

The only new symbols in {2.78) - (2.79) are 6 and Ai(T+1). Both denote
positive parameters. The remaining notation is the same as that used earlier
in this subsection. The timing of events is also the same. That is, we assume
that Kj{t) can be used in production in year t+1 (figure 2.2).

Two H.nmﬁmqmm of the objective function {2.78) need explanation. The first
is the term 6ly. This is often called a costs-of-adjustment term30. It makes

rapid expansion of the capital stock very costly. With no explicit recognition

29 The optimization problem is usually specified in continuous time with an infinite time

horizon [see, for example, Bovenberg (1985), Bovenberg and Goulder (1991) and Dixon,
Parmenter, Powell and Wilcoxen {1892, chapter 5)]. Solution of the problem then involves
the use of optimal control techniques and the specification of transversality conditions.
By adopting a discrete-time optimization problem with a finite time horizon, we can use

the Lagrangian method. Rather than imposing transversality conditions, we impose a
value on terminal capital stocks.

30 The costs-of-adjustment term takes different forms in different models. The form used
here is close to that in Dixon, Parmenter, Powell and Wilcoxen (1992, chapter 5j.

Bovenberg and Goulder (1991} use 8I1%/K.
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Table 3.6: Short-run comparative-static effects of policies for employment
stimulation: 1-step Johansen/Euler solutions (percentage changes)

Real wage Demand Macro
Variable cut expansion | package
1.  Real wage rate -1.00 0.00 ~3.67
2.  Real aggregate absorption 0.00 1.00 3.09
3. Aggregate Employment 0.98 0.45 5.00
4.  Wage/rental ratio -1.39 ~0.88 ~9.96
5.  Terms of Trade ~-0.34 0.22 -0.58
6. GDP Price Index -0.77 0.64 -0.87
7. Consumer Price Index -0.68 0.58 -0.71
8. Exports of commodity 1 2.14 -1.36 3.66
Activity Levels
9. Sector 1 1.56 ~0.64 3.79
10. Sector 2 0.19 0.61 2.59
11. Sector 3 0.45 0.57 3.42
12. 100(Balance of Trade}/GDP 0.47 -0.56 0.60
13. Import Volume Index -0.31 1.12 2.34

Note: Numbers in bold type are exogenous

Table 3.7: Simulations of the effects of abolishing tariffs (percentage changes)

1-step 2-step |1, 2-step| 8,16,32
Variable extrapol- | step extra-
ation polation
1. Tariff Revenue -94.92 -97.30 -99.68 -99.99
2. Revenue from Taxes on H'holds 59.01 60.79 62.57 62.88
3. Import Volume Index 5.40 5.82 6.25 6.32
4. Exports of commuodity 1 12.09 12.54 13.00 13.02
5. Terms of Trade ~1.93 -1.94 -1.95 ~-1.85
6. (Balance of Trade}/GDP 0.01 0.01 0.00 0.00
Activity Levels
7. Sector 1 1.22 1.24 1.27 1.26
8. Sector 2 0.58 0.62 0.65 0.65
9. Sector 3 -0.27 ~0.25 ~0.24 -0.23
60

given value of {, say t=<, (2.55) can be solved for w.\:i. Qfx), and k) in terms
of Vo), Ifr) and Kfz-1}). We also assume that we have a base-period solution
for (2.55), i.e. we know V(1) = 3::. A\w:v. Q(1}), 11y, I{1), K(O). With
given values for I{1} and K(0), we will treat K(1) as known.

Our aim is to solve the system (2.55}, (2.81} - (2.83) with investment
determined endogenously in a way which is consistent with the optimizing
specification (2.78) - (2.79). If we happen to know the values of Ay(2) for all §,
then we can do this recursively. For year 2, we form the system:

H(V12), V2(2), Q). (2), 12}, K(1)) = O , (2.87)
STG2) (1 + 2 8 §(2)/(141) + A)(2) = O (2.88)
and Kj2) = (1-Dy) Ky(1) + L(2) for all j . (2.89)

With the Aj(2)s known, (2.88) provides the extra equation to enable 1(2) to be
determined endogenously in the system (2.87) - {2.88), while (2.89) allows us
to calculate K(2). Once we have found all the year-2 variables from (2.87) -
{2.89), then we can move to year 3. For year 3 we have

HV13), V2(3), Q3), 13), 13), K@) = 0 , (2.90)
-IG(3) (1 + 2 8 §(8))/(1+1)2 + Ay(3) = O forallj, (2.91)
Qy(3)/(1+1)2 - Ay(2) + (1-D) A(3) = O forallj , (2.92)
and Ky(3) = (1-Dy) Ki(2) + §(3) for allj . (2.93)
and TVy = (D1 + 268 {DI/ 1+ T 1 for an j. (2.85)

{2.84) and (2.85) can be derived by using {2.82) to eliminate 23. t=1,....T from {2.81) and
then calling on the definitions of the rates of return in {2.64) and the terminal value of
units of capital in (2.80). Formulation (2.84) - (2.85) not only helps to relate the present
model to that studied in case 3, but it helps us to understand the relationship between
models with and without adjustment costs. Models without adjustment costs le.g.
Jorgenson and Wilcoxen (1992, 1994) and Malakellis (1994)] use arbitrage equations of the
form
it 1-

i@.mmﬂ.c - 33 + E?T:WHU% =0  foralljand for t=1,..., T-1. {2.86)
(2.86) is what we obtain from (2.84) and (2.64) if we set 8=0. This implies that the models
with adjustment costs can be regarded as generalizations of the models without
adjustment costs.
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Table 3.5: Numbers of Exogenous Variables in the Simulations
reported in Tables 3.6 to 3.8

Standard Short run  Revenue- Fore-
short run for macro neutral casting
Variable {Table 3.6 package  short run {Table

cols 1 &2)  (Table 3.6 col 3) (Table 3.7)  3.8)

Always exogenous

q number of households 1 1 1 1#
alg) g tech. change 2h 2h 2h 2h#
&m& tariffs g g g gt

(kj) sales taxes on current and 4sh Agh 4gh 40h
ts) capital inputs g g g &
mﬁv, export demand shifts g g g g#
n%.ww import prices (cif, $foreign) g g g g#

(23} base powers of consumer tax g g g g
Macro targets and instruments
mm +1,1) wage shift 1# end 1 1#
Cr real consumption 1# end 1 1#
1o symbol total employment endt 1# end end
no symbol balance of trade as share of end 1 end end
GDP
Revenue constraint and wage setting
no symbol real tax collection {CPI deflated) end end 1 end
3)

m~ consumer tax shifter 1 1 end 1
{1j)

P(g+1,1) nominal wage rates by industry end end h end
1j)
Am,* 1.1} industry specific wage shifters h h end h

Short-run comparative statics vs _forecasting
() capital available for use in

¥g+1.1)  eurrent production h h h hi#
ig real investment end end end i#
fic investment/consumption 1 1 1 end
) industry-specific investment
»m shift terms h h h h
fie investment shift term end end end end
e exchange rate 1 1 1 end
cpi consumer price index end end end 1#
(4) export volume gb* &b gb g
NQ 1) or
or export tax
(#) b b b end

Total number of exogenous variables in all columns is 4gh + 5g + Bh + 6

t The entry “end” in the table means endogenous.

# These variables are shocked in the relevant simulations.

In the simulations reported in Tables 3.6 and 3.7, b is 1. Export volumes are exogenous
for commodities 2, 3 and 4 and the export tax rate is exogenous only for commodity 1.
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In our forecasting and policy work for businesses and government
departments in Australia, we have not adopted the assumption of rational
expectations. We solve a large {112 industry) recursive model incorporating
externally supplied, realistic macro forecasts. Our approach, which is
illustrated in section 3 and discussed further in section 4, is an application of
case 2. However, our colleague, Michael Malakellis {1994}, has built a 13-
sector, 30-period model for Australia along the lines of case 4. Rather than
adopting shooting methods, he has preferred to use in his computations the
non-recursive, simultaneous, Johansen/Euler approach described in case 3.
Under this method, all the A(t)s, Q(t}s and other variables appear in the
computations simultaneously, with A(T+1) and Q(T+1) treated as exogenous
variables. His experience suggests that there would be no serious
computational difficulties in applying this simultaneous method in the solution
of very large multi-period models. The real issue now is the empirical
relevance of the rational expectations assumption. .

34 See Fair {1979} and Fair and Taylor (1983). .
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where TINY is a parameter assigned a very small value.

To complete this subsection, we consider briefly how to assign values to
the parameters of the (a)-system in Table 3.2.46 We start with equation 3.1(a)
for the cases where i=1, s=1 and 2 and {u) = (12), that is, we look at the
parameters of the demand functions for domestic and imported good 1 to be
used as inputs to current production in industry 2.

From (2.38), we see that these demand functions have the form

(12y ., (121, (12 (12) (12)
(12) 12), (12) a2(Pay bus Y P1 /(I+p1 ) {1/

x:@ Tm:.v Ay > by (12)

P
t=1&2 (1s) =t)
(1)

s=1,2. {(3.21)

We have already set o at 2, implying that 0@5 is -0.5. As indicated in

footnote 43, we assume that all basic prices are initial 1. Now from Table 3.1
we find that

(12)
?u::v initial = (20+4+4)/20 = 1.4 and

(12}
and ATCMV initial = AU+H+:\MH

With our convention that the purchasers’ prices of composites are initially 1,
we have

12)
AM:.LME:E 28 +7 =35

Remembering that Uﬁw and Uﬁwm sum wo 1, imwwm: solve (3.21) to obtain the
values of the three parameters, _u::. dmwww and >M:V

{12)
(12 1y (14bayy)-13)-2
20 ?m\g.wv 3 iy (12)
t=1&2 1.4 by
(12)
and 5= (35/A)) | 2 By |~ :
t=1&2 14 by

giving bi1}) = 0.666, b{}3) = 0.333 and All2) = 2.520.

46 This is what many CGE modellers refer to as calibration, see for example, Shoven and

Whalley (1984).
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Table 3.1: Input-output database for the Hlustrative Model

Inputs to current production

in industries

Inputs to capital
formation in industries

Hhold Exports {-jduty

consn

Total

sales

1 2 3 1 2 3
Domestic 1 10.00 20.00 10.00 025 013 062 4.00 3500 80.00
commodities 2 1500 1500 10.00 3.80 180 9.30 55.00 10.00 120.00
3 1800 800 5800 000 000 000 3500 0.00 119.00
4 000 000 000 000 000 000 000 000 0.00
Imports 1 000 500 1000 051 025 124 800 000 -400 21.00
2 000 600 000 152 076 372 1800 000 -3.00 27.00
3 000 000 000 000 000 000 000 000 000 000
4 500 1000 400 076 038 186 800 000 -10.00 20.00
Margmson 1 100 400 300 000 000 000 200 600 16.00
domestc 2 300 500 200 127 063 310 21.00 400 40.00
commodities 3 0.00 000 0.00 000 000 000 000 0.0 0.00
4 000 000 000 000 000 000 000 0.0 0.00
Marginson 1 000 100 300 025 013 062 100 000 6.00
imports 2 000 200 000 076 038 186 600 0.0 11.00
3 000 000 000 000 000 000 000 000 0.00
4 100 200 100 051 025 124 200 0.00 8.00
Taxeson 1 100 400 150 000 0.00 000 000 10.00 16.50
domestic 2 300 357 300 072 036 177 18.08 -1.00 29.50
commodities 3 0.00 000 000 000 000 000 500 0.00 5.00
4 000 000 000 000 000 000 000 0.00 0.00
Taxeson 1 000 100 150 000 000 000 000 0.0 2.50
imports 2 000 143 000 029 014 071 592 0.0 8.50
3 000 000 000 000 000 000 000 000 0.00
4 000 000 000 000 000 000 200 0.00 2.00
Labour 22.00 14.00 64.00 100.00
Capital 11.00  8.00 29.00 48.00
Total costs 90.00 110.00 200.00 10.63 5.32 26.05 191.00 64.00 ~17.00 680.00
MAKE MATRIX:
Domestic 1 60.00 20.00 0.00
commodities 5 3500 90.00  0.00
3 000 0.0 200.00
4 000 000 000
Total output 90.00 110.00 200.00
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From Table 3.1, we see that the initial gross earnings of capital in industry 1
are 11. Hence,

{11
AHH\NE.:N WND»SE -0.10 = 0.05

L 11
giving M.vmﬁ.ru 2) J initial = 73.33.

Similarly, we find that capital stocks available in the initial year for industries
2 and 3 are 53.33 and 193.33. We can now compute the initial values for the
rental rates (Plg; o) ). They are 11/73.33, 8/53.33 and 29/193.33, Le., 0.15
for all three industries. From here, we find that the initial value of the
coefficient in square brackets in 3.13(b) is 3 for all industries.

For equation 3.14(b), we have already found the initial values of the
coefficients Nmmrﬁ . With the initial values of wE being 1, we can read the
initial investment levels (Z(2)) from Table 3.1. They are 10.63, 5.32 and
26.05. Now we can calculate the initial quantity of next year's capital stock for

industry 1 as

(1)
?ﬁi& :Paaa = 73.33 (1-0.10) + 10.63 = 76.63.

Similarly, we find that next year's capital stocks for industries 2 and 3 are,
initially, 53.32 and 200.05.

Most of the parameters in the differential representation of our model
are either substitution or transformation elasticities [the os in 3.1(b}, 3.2(b)
and 3.8(b}]. ldeally, these should be estimated econometrically. In practice,
they are often assigned values based on literature search. For our illustrative
model we chose values typical of those estimated for the ORANI model (Dixon,
Parmenter, Sutton and Vincent, 1982, chapter 4). We set the Em::mﬂod

elasticities®* (i.e., the elasticities describing domestic/import mCUmECSoS amz
for all {u) and for i=1, ..., g) at 2; the labour/capital elasticities Hami for j=1,

...h) at 0.5; and the transformation elasticities (o(0), j=1, ..., h}) at 0.5.

44 This type of elasticity is named in recognition of the contribution of Armington (1969,

1970).
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Table 3.2: Equations of the Nustrative Model

Identifier Equation No.
mzwm:nznmca between domestic and imported products
u) p(u) (u)
3.1 xAZ = s. i (Pa1y + Pagy)
{u) {1} W r ) .

310) Xy = Xgy- 0 | P~ TAVELG)/VE @) p

t=1&2

i=1, ..., gs=land 2;and {(u) = (BJand (kj} fork=1and 2 andj=1. ... h 4gh+2g

Substitution between labour and capital

a0 e (1)
3.2() xﬁl Y >Ami 8= X(ge1a) fmm; 9) (vl ﬁi :\?mi 1yt mi 2/ Age 2))

(13) (1j) (1

3.2(b) X(grl.8) " Agt1,5) = knm..;.v -

(1} ¢ _0h (1 (1) 03)]
cmm_ ﬂm&; s) = A:%; g % ?ﬁi;.E:\Smi..‘:.“i AE%_ 1 um:m: o) v
t=1&2
j=l .. hy s=1,2 2h
Household demands for composite commodities
(31 _3) 3)
3.3@) Py X =1 ? Q+B(C- 2 ¥Py,0Q
JEG
(KT N)) @
8.3B) Vi) (B + o) = 1Py O (g o) + By (e~ Sy Py Olpioy +
jeG
=1, ... ¢ g
Prices c.\. nc:%ommnm commodities to households
Q (3
SEIOI S 35 xE
t=1&2
3) 3
34l pgy = & {VELE)/VEG)) by =1, . g g
t=1&32
uunmwﬂmaﬁﬁm and investment demands for composites, commodities and primary factors
3.5(a) ? = 7w oM u=(K) fork=1 2andj<l, ... h
If (u) = (1)), then i=1. ..., g+1 2gh +h
@) ;
3.5(b) Xjo) =2 u If (u) = (2)), then i=1, ..., g
Foreign demands (exports) for domestic goods
(4) (4) -1/
3.6 Py E = mc: (Xq1))
(4) {4) (4)
3.6(b) Pi1) *¢ mc: - :\J» } (1) i=1, ..., g g

continued,..

43



£g

‘SINIPOLLIOD PITINOS
uo saamipuadxs jo wins ay) spenbo fpuenb aysodwos sswn soud aysodwod uonpuod

auy SuikIsIies NS S[UM DII[LINY ST (0Z°C) 18U} 2INSUD WED om mm:wxw 28914 JO SOTIEA DU}
10J SDIOUD A|QeNNS Ag (97 998 tovawered |y, UMo s1f FUIABY SUONIURY GO 343 JO UIed
m .H.N%VX pure mex JO UORRUIGUIOD §AD © ST 1 ansodiiod ‘n ‘198N Yowd 10y LB)F'S S yons
SUONIPUOD JUNB[OIA TNOYA POYSHIES 9q UA) (0Z°C) UBD ‘[ AlrEniur axe seond oiseq 1py)

TBU} 05 UBSOUD 1B SINIPOUILIOD PIdINes [{e Jo syun Lruenb sy yeyy swnsse jensn op op

g = BRI 1 3y /(6 148k, (@ 149)
500 {or [O5 e/ @ ina] )

QaeY
am ‘T Ansnpur toy uayl ‘f [[e 10] 1 JO anjea [EnUl ue sey ::m ey} 08 UISOUD
are syun [endeo jey) swnsse apy  Juad 1ad ¢ are (sorer uonwesidep ssof
sorje1 onjea-repdes/[RIUSI 3°1) WINJaI JO S91EL JauU Jey) pue juad 1ad o1 ate (g
siajewered a1)) sojer uorreroa1dsp [[B JBY] SWINSSE SM ‘[SPOW ARSIl N0
U] uinjal Jo so9lel JO saInsedw pue s9jer uopenardep a1 sIUSIOIe0d yons
JO sanyea teruul oy} Sunies 10j pannbax ‘soiqey ndino-indul up 950y PuoAsq
‘ejep ayl, "(@)¥1°¢ pue (q)gr-¢ ‘suonenbo wonemuwnooe rended pue JUSWISIAUY
31) JO SWLIOJ [BIIUSIIJIP 92U Ul 9SOY) 2Ie Sjueyeoo jo dnoid euy ayg

"1 oste st § Jo anfea rerur a1y jey; os syun wonrendod sugep am

£4(02°8) 'z 1=s pue §= ‘I=1 ‘N30 e o [ = PN [ ﬁw& o
Arun oxe ssoud sieseyoind jenuy oy
1Y} 08 UIsOYDd aie sapipowuod apsodwod e Joy sjyun Ajyjuenb jeyl swnsse
01 s1 9sn am yoeroidde oyl 'syUN 1INOQE UOISOP B sonnbal Jusyyood siy; Jo

anpea renrur oY) Sunps B ﬁmwm JUSIDYIR00 Y SureIuod (q)g'g uonenby

suUonIppe Jo
JPquInu [[ewIs e AQ Pate[nofed 10 T°'g 9[qe], woxy A[IoaXp peal aq ued 3say) [[e jo
senjea feprul Ul “{((QT1°¢ Pue (Q)6'c Ul SW 9YY) smoyj suidrew pue {(Q)z1'E
ur s1, ayl) suonoaod xe} ({qjgl'e pue (QJor'e '(4)s'¢ Ul SX pPue sg oy
Smof jo sanfea oseq ((Q)ST'e Pue (Q)g1'¢ (A)0T'€ (@)g'e ul sSA 2y3) smoy Jo
sonjea sieseyoind are asay], 'seasd] ndino-indur are g'g s1qQel JO Waisis-(q)

3yl Ul SJULOYJR0d 2y Jo Auewr ‘soreys mdino-indur Sureq ueyy eyreyd

'011/06=(3'*)A/(T'2}A JO anfea reniug
a1y 18y ‘ardurexa 10§ ‘99s am ‘1'g 9iqel wody ndino peoy s f Ansnpuy jo anpea

1%
TTPenuUinog
yip+dg T'Y=S uayy () = (M) J1 "1=s Uyl (p) = (M) ;1
yrep=f pue g 1=y 10y () pue :phgl=(n) 3
D31
(14 Lo (81).4.(57)g
s TN + () (s muyrsna = §0d ((rs1a @zie
[ar=2
(13 (1) + 80y (814 = (51) .
e A gt Ga=e @ere
saxp] pup seoid 0i1sDg 03 pa3vIad soud suasDYOUIN
N (&) (eng = (o0 .
g R £ i d Ea @ire
[k4)] (el 4y = (a1 .
oL@/ la) od @rre
sampounuon payiodu; fo ao1d o1s0g
Zgi=s «OF DI
..... . mz 13 .
u uee sl dfsya T 7 =Wdd9s T @ore
ZR =8 «03} D=l
sy = (1 (13 .
:: va L L = @& :owx g (clot'e
s3s00 flgsnpwr syonbs snusasd fligsnpuy
oaf N3 zpr=s O3
N ) s (13)
3 3= ey @TIIRE + A sTn T % X
nay Hal
} ¥ .
fxrla o= Pkt g @es
REY N3N ppras DI :wE usf
n (n = (D .
?:EVX N Aszwumm N W _.Ws + :dvvm N :.3 N (e)6'e
sapIpowned d13sauop sof fiddns sjpnbs puvwsg
E)!
ETST— ey ay Y g o .
ud syl d {Fax/00A) K - D | o0 + (2 Maw (@s'e
(19) S{tel g gy (N .
(ot g ) oy wru g
sarysnpus fig yndino fo uomsoduwo)
e . Sy = (19 .
SE Uy T'1 =S uayy (p) # (M) J1 "1=8 U {p) = (n) 31 Ew et @LE
“1=f pue g 1=y 10} (M) pue (¥) ‘(g) = ()
RPN (13}, (51 = {11 .
m =11 m_w< wa o Ef. ®Le
spool o13sawop Lof spuDwap gaugm
‘ON uonenby Jaygnuap]

POnuUpuoD :Z'g SIqEL



3.3 Coecfiicients, parameters, zero problems and initial solution

To form a computable model, we must assign values to the parameters
appearing in the system of equations that we choose to use. If we choose a
differential system (the {b}-system in Table 3.2), then we must also give initial
values to the coefficients. These are cost shares, sales shares or other
functions of the model's variables. In each step of a Johansen/Euler
computation, the coefficients are held constant but they are moved from step
to step.

In this subsection we explain how we assigned values to the parameters
and coefficients in the differential form of the illustrative model. Then we
consider briefly the problem of setting parameters for the (a)-system. In our
applications of the illustrative model, we use only the (b)-system - we adopt
the Johansen/Euler approach. Nevertheless, it is still worthwhile to look at
the (a)-system. This will allow us to illustrate a key point of section 2: that for
CGE models we almost always have a readily available initial solution or at least
a readily available solution for an initial year.

Most of the information required to implement the (b)-system of our
illustrative model is in the input-output data in Table 3.1. For example, a
coefficient appearing in equation 3.1(b} is V{1,1,(12))/V(1,-,(12), i.e., the
share of domestically produced good 1 in industry 2's expenditure on
composite good 1 to be used as an input to current production. The initial
value of this share (for the first step of a Johansen/Euler computation) can be
calculated from Table 3.1 as

V(1,1,(12)) _ 20+4+4 - 08
VI(1,4,(12)) | ipitial  (R0+4+4) + (B+1+1) — 7%

Similar coefficients, each consisting of the share of a sourced input in the
user's expenditure on the relevant composite, appear in equations 3.2(b),
3.4(b) and 3.17(b).42

Equation 3.8(b)} contains a different type of share coefficient: Y(t,j)/Y(-.j).
This is the share of the basic value of industry j's output of good t in the basic

42 In 3.17(b}, the share coefficients are weights in the consumer price index. They are not

moved in a multi-step Johansen/Euler computation.
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Table 3.2: continued

Identifier Equation No.

?e@mgm:n behaviour

(1j} (1j) (14) (1j) o
3.13() Xy 9) :\xﬁim wwm ” Plge1.2) / Pic’ ) =8 51

(1) (13 ) (11) (1 (14} (11} E

3.13(b}) xﬁw_ 20 =Xy ) =hi + mcw + oy ?ﬁf.ﬁ\ 3%; 2~ 9 mxu )] E%_ 2~ ! )
Tr..._s h
Capital accumulation

(1 {1
3.14(a) Xgh (1) = Xigh ) (1 - 8y) + 22

(1f) 88)] H ) (1
3.1400) Xy (1) Xigon 2y(1) = Xigo 1 ( I:xm_: oy + 720 512 j=l..h h

Costs of constructing units of capital for industries
s15@ P z®= 3 2 AP XY

eG s=1&2
(2
3.15(b) V{s, o.AN'_ M M <m» s, Aw«m: mucmuww .uﬂw.....s h
ieq s=1&2

H (1)) (1 Wage determination
3.16() mi 1) = (CPD) Fige1.1) m,ﬁmﬁ )

(13 1j)
3161 Plght 1) = €Pi+ Iigh.y * fgor j=l..h h

Consumer price index

317 cpi= 11 T1 ?mwv<a.m_2\<?.;m:

ieq  s=l&2
317m) cpi= & 2 (VEsO)/VE - @) po 1
e s=1&2

Tax rates on sales to households
3.18()  T(1,5,(3) = Ty, {1,+.(3)) F,(3)

3.18(b)  tlhs.(3) = 4,18 + i(3) i=1,...8. 8=1,2 2g

Ratio of real investment to real consumption
3.19(a) IR/Cyr=FIC

319} g -cg =fic Other equations defining

GDP, real GDP, price deflator for GDP

Real consumption (the definition of nominal consumption is implied by (3.3) and the
price deflator for consumption is defined in (3.17))

Investment, real investment, price deflator ?w investment

Absorption (i.e., gross national expenditure), real absorption, price deflator for absorption
Supplies of aoEavan commodities and volumes of imports by commodity 2
Total employment, total usage of capital (rental-weighted sum of industry usage)

Total values of imports (c.1.f} and exports (f.0.b.), and the balance of trade

Indexes of import prices {c.1.f.) and export prices {f.o.b.), and the terms of trade

Total tax collections, total collection of consumer taxes, total collection of tariff revenue
Total tax collections in real terms (deflated by the price of absorption)

Ratio of economy-wide average wage rate to average rental per unit of capital

.
[45]

e 2 s 8 e & & &

P e U0 03 O BOTR O LD 4

Total number of equations is Ammw + mmw +llgh+ 14g+ 8h + 25
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The household is assumed to maximise a nested utility function subject to
an aggregate-expenditure constraint. The top level of the utility function,
describing preferences for composite commodities, is a Klein-Rubin (1948-
49)39 function, leading to the linear-expenditure system, equation 3.3. The
second level allows for CES substitution between sources of commodities as
was the case for inputs to current production and capital formation. The
consequent source-specific demand equations are included in 3.1.

Equation 3.6 specifies constant-elasticity foreign demand curves for
exports.

Equation 3.7 specifies demands for margins services#0, We assume that
margins must be used in fixed proportions to the basic flows which they
facilitate.

We assume that producers choose their output mixes, given their activity
levels and output prices, to maximise revenue subject to CET transformation
frontiers (Powell and Gruen, 1968). This leads to the supply functions 3.841,

Equation 3.9 imposes market clearing for domestic commodities. On the
LHS it sums over producers of commodities and on the RHS over users of
commodities. Basic uses and margins use are included.

Equations 3.10 - 3.12 constitute the model's pricing system. Equation
3.10 relates basic values to unit costs. In view of the constant returns to scale
assumed in the model's production functions, output and input quantities can
be eliminated from the percentage-change form leaving a relationship
between percentage changes in the basic prices of outputs and percentage
changes in the purchasers' prices of inputs. Equation 3.11 defines the basic
prices of imports as their c.i.f., duty-paid prices. In 3.12 purchasers’ prices
are defined as the sums of basic values, margins costs and commodity taxes.

3 see also Geary (1950-51) and Stone (1954).
We denote the type and source of margin service in the double subscript, assuming by the
value "1" for the second subscript that all margin services are domestically sourced. In our
data (Table 3.1}, only commodity 3 is used as a margin service. The basic flow which the
margin service facilitates is specified by the triple superscript, the three components of
which show, in turn, the basic flow's commodity, source and user.

The "0" in the superscripts in these equations denotes output or, in the case of prices, basic
values. The second component of the superscript in the symbols denoting outputs and
activity levels specifies the producing industry.
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Table 3.3: Variables in the Illustrative Model*

Variables Index ranges Description Number
{u) u=(3}, (4] and (kj} for k=1,2 Demand by user {u) for good or  6g+8gh
*lis) and j=1.....,h primary factor (is); and price +4h
and If {u)=(4) then s=1; if (u)={4) paid by (u) for (is)
(v) then s=1,2.
Plis) If fu)=(1)) then i=1,...,g+1;
if {u) =(1j) then t=1,....g.
{u) u=(3) and {kj} for k=1,2 and Demand for composite good or o
X(1e) J=l...h primary factor { by user {u) g+2g
If (W)=(1]) then i=1,....g+1: if +h
{u)=(1§)
then i=1,....g.
(13 j=1...h, s=1.2. Primary-factor saving 2h
Blg+1.s) technological changes
c Total expenditure by households 1
q Number of houscholds 1
3
va.w f=1,....8. Price to households of g
composite goods
2 {u)=(kj} for k=1,2 and j=1,....h. Activity levels: current production 2h
(k=1) and investment (k=2) by
industry
(4) :
fiy i=1....8 Shift in foreign demand curves g
e Exchange rate 1
($foreign /$domestic)
xMMw&E ri=1,...g. Demand for commodity (r1) to 4g2h
! {(u)=(3}, (4) and (kj) for k=1.2 and be used as a margin to facilitate 392
j=l...h. If (W=(4) then s=1. If the flow of {is) to (u) g
{u)={4) then s=1,2.
0
xrmw i=1....g8 j=1..h Qutput of domestic good i by gh
industry §
(0) .
Plis) i=1....8 s=1.2 Basic price of good i from 2g
source s
(w) .
P(i2) i=1,...8. Foreign-currency c.L{ price of g
fmported commodity i
»va t=1,..8. Power of the tariff on imports of g
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