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ABSTRACT

The ORANI model of the Australian economy {Dixon, Parmenter, Sutton
and Vincent (1982)] has been used extensively to analyse issues involving the
composition of the economy. ORANI is essentially comparative static in
nature; it does not project the trajectory of the economy between the initial
point at which a shock occurs and the new equilibrium configuration. Even
in the forecasting version of ORANI, ORANI-F [Parmenter (1988)], results
show only average annual growth rates over the length of run simulated.

The usefulness of intertemporal applied general equilibrium models is
well documented (see for example Dixon (1990), Dixon and Parmenter
{1990) and Dixon, Parmenter, Powell and Wilcoxen ({forthcoming)). The
purpose ol this paper is to describe a computational approach to an
intertemporal elaboration of ORANI. This implementation is motivated by the
work of Dixon and Parmenter (1990). The prototype model described here
offers the prospect of comparative dynamic simulations with a detailed
applied general equilibrium model.
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Appendix B Derivation of the Equilibrium Condition for Sectoral
Capital Demands

This appendix is concerned with the derivation of the equilibrium
conditions for sectoral capital demands (i.e. equation (2.2.10)) described in
section 2.2.3.

The Lagrangian expression [rom which these equilibrium conditions
are obtained is formed by combining the firm's objective function given by
equation {2.2.4) with the constraints (2.2.5) and {2.2.6) as follows:
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Partially differentiating expression (B.1) with respect to c;. Jip and J.ﬁ
and setting the partial derivatives Lo zero gives:
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Here, I' and Z denote sequences of Lagrange multipliers and all other variables
are as previously defined.

The equilibrium conditions for sectoral capital stocks (B.3) may be
solved using the values of the Lagrange multipliers from (B.2) and (B.4). From
equation (B.2),

S 1 S
= { 5 (B.8)
1 (1 +RR; ] u

u=]
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Summing equation {A.3) over k results in a am%msa system consistent
with the LES where the above subsistence M? - ¥il. quantity of good i
purchased is a constant share of (he total amount spent on above-subsistence

goods. That is:

n
Fay Fsy N Al
PylH -y =By 3 Py Hi - md A.4)
k=1
Aggregating equation (A.4) over Q identical households gives:
n
A N Fa N
QP IH; - vl =P 3 Py [H-1JQ (A.5)
k=1

which may be expressed more compactly as:

B E

R (A.6)

where D, =Q(H, -yl . and

" N
k=1

The variable D; denotes the total above-subsistence quantity of good i
demanded and E denoles the tolal above-subsistence (i.e. supernumerary)
expenditure on all goods.

Total demand X, for good i may therefore be expressed as:

, N A
X, = QH; =D + QY . (A.7)

Using (A.6) to eliminate D; from {A.7) gives:

ﬁm E ~
Xp=-5=+Q7 . (A.8)
i
To tie down the value of E equation (A.8) is multiplied by P; giving total
expenditure on good i
A
PX;=B;E+P 1,0 . (A.9)

Using equation (A.7) the level C of total household expenditures is given by:

1
C= % P X (A.10)

i=1
s0 that

2 Micheal Malakellis

to analyse issues concerning the composition of the Australian economy
(Dixon, Parmenter. Sutton and Vincent (1982))!. As explained in section 2.1,
ORANI is a strictly neo-classical multisectoral model in the tradition of
Johansen (1960).

Normally an ORANI simulation compares two possible states of the
economy at a particular point in time. The effect of an expgenous shock is
assessed as the difference between the values of the endogenous variables in
the unshocked {(control) equilibrium and the value of these variables in the
shocked (new) equilibrium, all other exogenous variables remaining at their
control values. As with all comparative-static models, ORANI's structural
equations are agnostic about the amount of calendar time that it takes to move
from one equilibrium to another following some perturbation2. Rather. timing
is inferred from the degree of adjustment that factors of production are
allowed in reaching a new ‘equilibrium’. For short-run applications, the point
of interest is in the near future where il is assumed that sector-specific capital
stocks currently in use cannot respond to exogenous shocks, Long-run
applications focus on a point in time in the future which is distant enough for
market forces to produce new levels of sectoral capital stocks which are
compatible with an exogenous conlfiguration of rates-of-return.

In both short and long-run closures of ORANI only a single point of
time is captured by the model and no information about how the economy
evolves over time in the absence of an exogenous shock is provided. This lack
led to the development of ORANI-F, a forecasting version of ORANI described
in Parmenter (1988]. ORANI-F includes accumulation relations between
investment and capital stocks and between borrowing and foreign debt. This
specification of minimal dynamics allows the model ‘to be used in forecasting
mode. Applications compare the forecast state of the economy at some future
point in time (typically, 5-8 years ahead) with its state in the base year. Results
are presented in the form of forecasts of the average annual growth rates of
the endogenous variables over the specified period of time.

Although ORANI-F is a movement towards a [ull intertemporal model,
it is, like its predecessor, a single-period model. In ORANI the period is
typically a calendar year, while in ORANI-F the period is the interval of time
between the base year and the forecast year.3

ORANI and ORANI-F have proved very useful lo policy-makers in the
analysis of issues involving the composition of the economy. As with any single

1 Hereafter referred to as DPSV {1982).

2 With the aid of a dynamic model with which ORANI has been interfaced {Cooper
and McLaren {1983}, Cooper, McLaren and Powell {1985) and more recently, Breece
et al {1991)), it has proved possible to infer that the length of the ORANI short-run
corresponds to aboul two years in calendar time.

[

Note that the period relerred to here is the interval of time to which simulation
results refer; it should not be confused with the length of run {i.e. the time that

elapses between the injection of a shock and the consequent new equilibriumy.
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An Intertemporal CGE Model Based on ORANI 31

Non-negativity Constraints: in this implementation of the model
inequality constraints were not imposed formally, necessitating ad
hoc adjustments to the initial data base. In future versions invest-
ment should be constrained to be non-negative.

The Overspecialisation (*flip-flop") Problem: In long-run models of
open economies with constant returns to scale technology and an
absence of sectoral fixed factors there is a tendency for unrealistic
degrees of sectoral specialisation (see DPSV (1982)). Some
suggestions for overcoming this problem are proposed in Dixon and
Parmenter {1987), Horridge, Powell and Wilcoxen {1990) and
MeDougall {(1991). These proposals need further investigation with
particular emphasis on the empirical aspects.

Costs of Adjustment: much of the recent literature on investment
behaviour recognises adjustinent costs explicitly, Observed lags in
investment behaviour are often rationalised in terms of adjustment
costs. More work is required in identifying the exact sources and
magnitudes of such cosis before they can be convincingly
incorporated into the CGE framework.

Investment Technology: the investment technology specified in this
model is overly restrictive in terms of the length of the gestation
period and does not allow for lumpiness in the capital creation
process. Recenl work in the area of public utility economics
suggests that a more flexible specification of the investment
technology which allows for lumpiness and gestation lengths which
vary across induslries may be necessary (see Dixon (1989)).

The Value of Flow Variables belween Time Points: the use of average
rates of invesimenl within periods in accummulation equations like
(2.2.5) is a simplification which is less valid as the interval lengths
Ly increase {this may be true of any flow variable which is
accumulated into a stock). In such cases it may be necessary to
respecily the accumulation relationships to take into account the
time profile of such variables within intervals Ly

Variable Period Lengths: As foreshadowed in section 2.2.1. consid-
erable gains in compuling can be achieved (without significant loss of
economic delail) by using variable period lengths. In conjunction
with developmentis under category (f) above, it remains to
demonstrate these gains.

4 Micheal Malakellis

are then discussed. Finally, the structure of the single-period CGE sub-models
is summarized.

2.1.1  Summary of Standard ORANT

Standard ORANI is strictly neo-classical in that optimizing behaviour
on the part of producers (i.e.. cost minimisation) and consumers (i.e., utility
maximisation) is assumed in lhe coniext of competitive markets. ORANI
consists of six main equation blocks:

L a series of equations describing household and other final
demands for commodities ;
11 a series of equations describing industry demands for
primary factors and intermediate inputs ;
I a series of equations describing the demand for goods and

services needed to facilitate the transfer of commodities
from the producers to the users:

v, a series of pricing equations which set pure profits from
all activities to zero ; :

V. a series of markel clearing equations for primary factors
and commodities ; and

VI. a series of definitional equations.

These equations are briefly described in the following sub-sections.

2.1.1{0 Final Demands

ORANI distinguishes 228 commodities of which 114 are domestically
produced and 114 are imported. Four sources of final demand are identified,
namely, household consumptlion. capital creation, 'other' demands and
exports.

2.1.1{I(a)) Household Consumption

It is assumed that the household sector (represented by a single
"typical” household) allocates its aggregate budget across composite
commodities according to the Linear Expenditure System {which is consistent
with a Stone-Geary or Klein-Rubin specification of the single-period utility
function)®. The composile commodities are defined by a CES aggregate in
which households may substilute between domestic and imported sources in
response to changes in the relative prices of domestic and foreign goods of
the same input-output category.

2.1.1{Ib)) Capital Creation

In ORANI the composition of lixed capital varies across industries so
that capital is sector-specific. A unit of {ixed capital for use in industry j can be
constructed according to a two-tiered technology. Al the top level industry j

9]

As will be explained in seclion 2.2.4, the intertemporal equations extend the
Linear Expenditure System (o accord with intertemporal optimizing behaviour by
households. However, the ORANI equation which governs household demands for
commodities undilferentiated by source {i.e. equation (14.24) is DPSV (1982)}, is
respecified to facilitate computation. This issue is addressed in Appendix A.
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An Intertemporal CGE Model Based ort ORANI

Table 5.2[c): Projections of Sectoral Demands for Capital*

12

14
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o

tnterval Lkt

Sector

25

238

268 264 262

71

8
258
288

288

238

287

262

30
285
283
2TF

320

268

37
8
325

KR

40

FAH

o
¢

I
P

.16

Agricukure, Forvatry, Fishing and Humtng

.77

kKR

4.1 3.58

960

Mining

2

1

250

259
257

261

283

71

27t

291

a4l

323

360
339

38t
26t
24
454

255

256

283

288

272

]
<

250
250

-3.05
080

253

252

253

258
253

254

263
260
25
261

250

264
TE3

269
270
265
268

276

281

297
286
284
294
23

25

38
306

320

348

338
333
32
328

250

36t
349
343
353
250
250
388
250

Manufacturing

Elertricity, Gas and Water

Construction

Whelesale and retatl Trade

Transport and Storage

[

25

258

257

267
264
263
50

258
282
285

251 250

252

25
257
250
2.5)
2.5
250

27t
274

276

279

Finance, Property and Business Scrvices

Crnership of Dwellings

2241

ki)
2.50
30
320

316
5
250
36

ks:3
250
230
54
250

230
250

75

Ei

-130

Pablic Administration and Defence

10

1

250
250
253

25
2353
250

250
282
250

250
288
250

25

315
333
1323

]
33

T2

Community Serviees

272 2867 264 280 58 255
250 250 250

250

275
250

37

Recreation, Personal and Oiber Services

i2.
3.

25 20

250

250

Non-Competing fmperts

e numbers in this table refer 10 the percentage rates of growth of the relevant variables over the interval between instants tand (t+ 1),
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that input mixes are chosen to minimize costs and outpul bundles to maximize
revenue,

2.1.1(Il{a)) Demand for Inputs

Producers in ORANI choose inputs for current production by
minimising costs subject to a three-tiered constant-returns-to-scale input
technology. At the top level the production function is assumed to be Leontief,
Effective intermediate input i {i.e., produced good 1) is used in fixed
proportion with effective intermediate input j, effective primary input k, and
‘other cost’ tickets. The last-mentioned input allows for production taxes and
other miscellaneous production costs.

At the next level, effective intermediate input i is defined by a cost-
minimising CES aggregate of imported and domestic good i. Effective primary
inputs are defined by a cost-minimising CRESH8 aggregate of agricultural land,
fixed capital and effective labour inputs. In common closures of ORANI,
agricultural land and fixed capilal are sector-specific whilst labour of any given
occupation is mobile between sectors.

The third level of the input technology only applies to labour. Effective
labour units are defined according to a CRESH aggregate which allows
substitution possibilities between the 10 different skill groups identified in
ORANI.

2.1.1(10)) Supply of Cutputs

On the output side, ORANI uses multiproduct production functions
which means that all industries may in principle produce all types of domestic
commodities. The problem [or producers is to choose an output mix which
maximizes revenue subject o a CRETH® production transformation frontier. In
practice, data limitations confine all non-agricultural industries in ORANI to be
treated as single product industries.

2.1.1(11) Demand for Margins

The direct demand for commodities as intermediate inputs and for
final usage generates indirect demands for margins (i.e., goods and services
used to facilitate the transfer of commodities [rom producers to users), Whilst
the theory allows all commodities o be used as margin services, the input-
oulpul database shows only 9 types of margins (including commodity taxes).
The demand for a margin is assumed to be proportional to the direct demand
for the commodity to which il applies.

2.1.1(1V) Zero Pure Profits Conditions

ORANI defines four sets of commodity prices; namely, basic values (i.e.,
the price received by producers belore sales taxes and margin costs),

8 CRESH (constant ratios of elasticities of substitution, homothetic} (see Hanoch
(1971)).

9  CRETH (constant ratios of elasticities of transformation, homothetic) {see Dixon,
Vincent and Powell (1980})).
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Table 5.2(c): Projections of Macroeconomic Veriables*
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* Apart from rows 1 and 2, the numbers in this table refer to the percentage rate of growth of the relevant variables over the interval between instants { and {t+1).
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2.1.2(b) Treatment of Investment

In the intertemporal CGE model investment decisions are to be made
by intertemporal optimizing agents. The equations which govern the
distribution of investment in standard ORANI are not compatible with this
approach. Consequently, these equations (specifically, equations (19.7), (19.8)
and (19.9) in DPSV (1982)} are removed so that investment in each industry
becomes exogenous to each of the sequence of single-pericd CGE sub-models.

2.1.2(c} New Atemporal Equations

Two new equations are added to each member of the sequence of
single-period CGE sub-models. The first is an arbitrage condition which
reflects the assumption of competitive capital markets. The second new
equation defines the market rate of interest at which domestic households can
borrow money. These equations are described in more detail in sections 2.2.3
and 2.2.4 respectively.

2.1.3 Summary of the Structure of the CGE Sub-models

The modified version of ORANI described above is the single-period
CGE sub-meodel which is to be replicated over time. Replication of this sub-
model is achieved by indexing all the equations and variables in the model
with respect to time. Since each CGE sub-model pertains to a single period,
the time index on all variables and equations within each of these sub-models
is the same. Note that the distribulion of investment between industries and
over time is exogenous to the CGE sub-model as is the distribution of
aggregate household expendifure over time. The role of the intertemporal
equations is to link the single-period CGE sub-models by governing these
investment and consumption {lows over time.

2.2 Intertemporal Equations

The intertemporal equations relate variables at different points in
time; they provide the links between periods in the intertemporal CGE model.
Three major links between the periods are established by the intertemporal
equations.

The first link is purely a physical accounting one in which capital
stocks and investment flows are related by an accumulation relation. The
second and third links are established via the specification of forward-looking
investment and consumer behaviour respectively.

Before discussing these links in detail, a brief digression into the
nomenclature adopted for the intertemporal CGE model is necessary.

2.2.1 Nomenclature for Intertemporal Modelling

The nomenclature for intertemporal modelling adopted in this paper
is set out in Figure 1. The model interrelates the values of a set of variables X
at successive time points t =0, 1. 2. ..., T. The time points correspond to
particular calendar dates and are separated by intervals of time {measured in
years) Ly, where Ly is the number of years between time points t and t + 1.
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5.1.2  Generation of Control Path Solution

This process starts from the clonal quasi-scenario and ends with a
control path solution specifically designed to demonstrate the ability of the
intertemporal CGE model to converge to a balanced steady-growth path.21
Establishing this property of the model serves two purposes: First, it provides
a useful reference point by identilying the model within the class of neo-

classical growth models. Second. il allows an infinite period solution to be:

approximated by compuling only the solution to the first T+1 periods, where
T is an integer chosen by the modeller. The exogenous variables converge to
steady growih by design. If the endogenous variables also show strong
evidence of convergence (o steady growth, then it is plausible to assume that
their values at time points { > T+1, would, if actually computed, conform to
the steady growth path. In other words, the choice of a new T (T*, say)
arbitrarily larger than the originally chosen T would be expected to lead to
solutions in the interval [T+1. T*+1] which conform to the balanced growth
rule.

In this simulalion. the aim was (o construet a CPS which converged to
a balanced steady-growth path where all real variables were growing at 2.5
percent per annum, Accordingly, the values ol the exogenous variables in this
computation conformed to a predictable patiern: the percentage changes in all
variables at time point O were set Lo zero; lhe percenlage changes in all
exogenous nominal variables were also set to zero; all exogenous real variables
between time points 1 and T were assumed to grow by 2.5 per cent
compounding annually; and finally, the growth faclor in the terminal
conditions for sectoral capital stocks {i.e.. D_. in equation {2.2.9)) was assumed
to be 2.5 percent.

In this implementation of the model. the absence of non-negativity
constraints proved lo be a problem. Attempts to construct a CPS using a
clonal guasi-scenario based on the data outlined in section 4, but without the
modifications summarized in Table 4.1, proved (o be problematic because
some sectors recorded negalive investment rates.

Moving {rom the clonal quasi-scenario to the CPS required some
rather large shocks to the multiplicalive calibration variables with which both
sectoral capilal accumulation equations (i.e.. equation {2.2.5)) and equilibrium
conditions for sectoral capital demands (i.e., equation (2.2.10)) had been
augmented. Several industries responded to these shocks by having a negative
rate of investment in the [irst period (i.e., the percentage fall in investment in
period 1 exceeded 100 per cent). Ideally, the solution should involve the

21 The balanced growth CPS constructed here differs in one respect from the CPS
described in sectfon 3.3. Whilst the closure is the same in both cases, not all
exogenous variables conform to their “expecled” values in the balanced growth
CPS. For example. the balanced growth CPS assumes no technological change
and steadily growing endowments of agricultural land. These unrealistic
assumptions are made purely {0 ensure that the model converges Lo balanced
growth. (A non-zero uniform and constant rate of Harrod-neutral technological
change would also have led 1o a balanced growth path.) More realistic settings of
the exogenous variables would imiply that agents’ expectations of variable values
beyond time point T ar sedd on some rule more complex than the balanced
growth hypothesis. The form of this rule is a matter for further study.

10 Micheal Maluakellis

Variables with subscript t=0 refer to the most recent date for which historical
data is available. All such variables are therefore predetermined.

In this model. agents can only make and implement decisions at the
chosen set of time points. The information set upon which agents make
decisions is assumed to be revised instanianeously at each time point. Thus,
new information has no effect on behaviour in the preceeding interval.

The intervals between time points need not be equal to one year.
Since the size of the model is a function of the number of time points
identified, this approach has important efficiency implications for the
computation of the model. The number of years over which the model is
solved may be quite large (say 50 years or more) whilst the number of time
points identified may be significantly less.

Scope for further savings in computation is provided by allowing for
the possibility that the L; need not all be equal.  Strategic location of the time
points will ensure that the loss of descriptive economic detail will be
minimised. For instance. time points ‘may be densely concentrated where the
dynamic variables of the model are expecled to change significantly (or where
there is a particular interest from a policy viewpoint). Conversely, where the
dynamic variables are expected to change more slowly (or where policy
interest is less pronounced — perhaps far into the future) the time points may
be more sparsely concentrated.

Each variable X can be mapped to a time point or to an interval. A
stock variable N» is the level of the relevant stock at the instant t (e.g.,
midnight on June 30" 1991). In the case of a flow variable. X, is the average
annual flow rate during the interval [i, 1+1). a period of Ly years.1!

2.2.2 Accumulation Relation between Investment and Capital Stocks

Accumulation relationships between capital stocks and investment are
necessary in mulli-period models. In this implementation the following
accumulation relation is used

Kj o =K (0= 80k L1 =0, ..T.  (2.2.1)

This formulation assumes that seclor |'s capital stock at time point t+1 E?iv
is equal to the depreciated (where & is the rate of depreciation) level of the
capital stock inherited [rom the previous period plus any investment LyLy)
undertaken between time points { and t+1. Implicit in equation (2.2.1) is &m
assumption of a one-period gestation lag.12

11 In practical situations of stock-flow accounting it is necessary to ensure that the
measurement of average flow rates X is consistent with assumptions made about
growth rates within the intervals Ly.

12 In this context. the term gestation lag refers to the interval between the point in
time when the decision to invest is made and the point in time when a productive
unit of capital comes on stream. In this implementation of the model, it is
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An Intertemporal CGE Model Based on ORANI 23

safe foreign bond rate

B, = 0.03 t=0, ..., T+1
rate of growth of the economy

G = 0.0
prices P = 1 =0, ..., T+1

*
where P, denotes the vector of all prices (including the exchange rate).

As will be explained in section 5.1, attemptls to construct the CPS
using the above data led to some sectors having a negative rate of investment
at time point 1. In the absence ol non-negativity constraints, the data was
manipulated to ensure that sectoral investment rates never became negative,
This data manipulation exercise, however, is only a temporary solution. A
more adequate solution will involve the incorporation of non-negativity con-
straints into the model (with perhaps some limited manipulation of the data).

The dala relaling to sectoral rates of return {especially, the rental and
replacement values of sectoral [ixed capital) appears suspect (in particular
where they relate to government dominated industries}. A more thorough
understanding about how the Australian Statistician measures these variables
is needed so that adjusiments can be made where appropriate.

Table 4.1 summarizes the changes made to the original data base. The
values in Table 4.1 are interpreted as $A million.

Table 4.1: Modifications Made to the Original Data Base!

Variable — Rental Value of Replacement Cost | Sales to ‘Other’
Fixed Capital of Fixed Capital Demands
T - Z e =
Sector v v KS KS* E £
1 Agriculture 1365 2500 4007 5142
4 Electricity, 2181 2536 14 419
Gas and Water
5 Construction 818 3400 38407 42000 0 2582
7  Transport and 1498 3911 42642 39110 3427 5840
Storage
12 Recreation 851 1050 8154 10000 43 242
13 Non-Compet- [¢] 0.003 0.001 0.004
ing hmports

o

Variables whose values have been modified are denoted by *. Variables which are
unstarred denole the initial values observed in the original data base. Blank entries
indicate that the original dala have been changed.

2. To ensure that the data base remained U&.mdomg m,m the modified values of sales to
‘other’ demands was calculated as lollows: E =E+V*.V |

12 Micheal Malakellis

subject to the following constraints:

K a1 = Kp(1 =800 + LI ¢ t=0. .. T, (2.2.5)
@.: = (1K, . Fj t=1,..T, (2.2.6)
ﬁ.ouﬂ.o . (2.2.7)
o= ;ﬁ.b . (2.2.8)

and
K1 = (G T K (2.2.9)

Here, F < vector of factor inputs other than capital
@ < the level of output
f < production function,

O_ < growth rate towards which sector j is assumed to tend for
timepoints beyond the explicit planning horizon (i.e. t > T)
(provided that T is chosen sufliciently large),

and all other variables are as previously defined. The » operator takes the
inner product of two vectors having the same number of components and
superscript bars indicate that variables are exogenous.

Equation (2.2.5) is the capital accumulation constraint which has been
explained in section {2.2.2) above. The constraint represented by equation
(2.2.8) specifies the production technology available to producers and the path
of output which must be produced. Equation {2.2.7) and (2.2.8) are initial
conditions relating to capilal stocks and investment respectively.  Finally.
terminal capital stocks are given by equation (2.2.9). The terminal condition
{2.2.9) is chosen because il provides maximum [exibility for specifying the

growth path to which the economy is assumed {o tend beyond the terminal
time point.13

The first-order conditions derived from this problem may be

manipulated to give the following equilibrium conditions for sectoral capital
demands: 14

L <L .
M W+ RRy (] "l = MRPE; (41 Ly + N (1- 8071 =1, T (2.2.10)

Here all variables are as previously defined and MRPK is the marginal revenue
product of capital.

13 Note that when Ouu. =0 <.M . the economy is assurned to reach a steady state.

14 see Appendix B for the derivation,
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An Intertemporal CGE Model Based on ORANI 21

As long as the calibration variables are exogenously set to unity, any
closure of the model (and any shocks to the other exogenous variables) could
be used to construct some arbitrary solution to the original equation system.

4. Construction of Database

4.1 Sources of Data and Levels of Aggregation

The base period database D used to construct the quast-scenario is a
slightly modified version of the so-called Urbino database which is a 13 sector
aggregation of the 1980-81 ORANI database (see Higgs, Meagher and
Parmenter {1991} and Meagher (forthcoming)). The sectors correspond with
the ASIC divisions used by the ABS in the Australian National Accounts.

4.1.1 Additional Atemporal Data Requirements

The modifications and additions made to the atemporal part of the
model (i.e. ORANI introduce several new data requirements.

1. The Urbino database (as with the ORANI database) identifies 10
occupations. In this implementation the 10 occupational categories
are aggregated into one as follows:

10
U= 2, Umy .
m=1
where CB._ is expenditure by industry j on labour of skill m.

2, The Urbino database identifies four margin commodities {6, 7, 8, 12).
In this implementation these margins are treated as if they were
direct demands as follows:

For final consumption.

4 4
C=Cy+ MZ?+ M,z: R
i=1 j=1
where mw is the [inal consumption flow of domestic good i; Mﬁt is the
flow of domestic good j used as a margin in delivery of domestically
produced domestic good 1 to final consumption; mt is the flow of good
J used as a margin in delivery of imported good i to final consumption.

For exports,

where quu is the export flow of domestic good i and m_.; is the flow of

domestic good j used as a margin to facilitate the mxvof of good i.

14 Micheal Malakellis

n
0, = z Byin [ i (- ¥y
i=1

Here the By are marginal budget shares (which sum to one} and the Y are
parameters denoting the subsistence quantily of good i consumed. H;, is the
total quantity of good i consumed over period t.

As suggested in section 2.1.1(I(a)). the Linear Expenditure System is
consistent with the Klein-Rubin form of the one-period sub-utility function.
An implication of the LES is that the above subsistence (i.e., supernumerary)
expenditure on good i is a constant share of total supernumerary expenditure,
That is,

n

N

A
Py [ - F1=B 2 Py [ - T - (2.2.12)
k=1
Equation (2.2.12) may be expressed more compactly as

N IAY

Dy =B E /P . (2.2.13)

5
A A A A N
where Ui = E: - ¥l and E = M Ui ﬂ.p . (2.2.14)

i=1

A~
i.e., the variable D;; denotes supernumerary expenditure on good i at time
point t; E; is the total supernumerary expenditure at time point t.

The representative household's indirect utility function holding for
period t, Qn . may be deduced as [ollows: from equation {2.2.14), total
supernumerary expenditure by the representative household in period t, £

t
may be rewritten as

n

Fa A

E=C- 20 Py . (2.2.15)
{=1

A
where C; denotes total expenditure by the representative household in period
t. Substituting equation {2.2.15) into equation {2.2.13) and rearranging gives:

1
" A
A B (G- 2 Py vy
Dy = i=1
Py

so that the indirect utility function is:
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An Intertemporal CGE Model Based on ORANI 19

There is no simple way therefore, of determining a priori whether the degree
of approximation error introduced by the Johansen solution procedure will be
significant.

Solutions which are [ree of significant linearization errors may be
obtained by using the Euler solution method (DPSV (1982)). The Euler
method involves dividing the shocks to the exogencus variables into a
sequence of n smaller shocks. The first part of the shock is then applied and
the effects on the endogenous variables are calculated. The database is then
updated to account for the exogenous and endogenous consequences of the
first part of the shock. In this process, the @ pratrix in equation (3.1.3) is re-
evaluated using the updated data as is the ~® ;" @4 matrix in’ equation (3.1.4].
This procedure, after repetition n times, is known as an n-step simulation,

Under reasonable assumptions on the continuity of the original
functions and their derivatives (see Pearson (1991})), results which are as
close to the exact solution as machine accuracy allows may be obtained by
choosing n large enough. Nole thal when n = 1 the Euler method is equiv-
alent to the Johansen approach.

A potential problem of the Euler method is that convergence to a
result which is free of significant linearization errors may require a large
number of steps. The procedure may therefore be very taxing on computer
resources. However, Euler's method may be supplemented by an extrapolation
technique so that resulls which are [ree of significant linearization errors may
be obtained with a small number of steps (see DPSV (1982)).

In GEMPACK extrapolated results based on two or three different
Euler solutions are routinely available. The extrapolation procedure used is
that of Richardson {see Pearson (1991)). In moving {rom single-step to multi-
step solutions in GEMPACK. details regarding how the data base is to be
updated between sieps must be provided.

3.3 Solving Models When No Initial Solution Is Available

Under the multi-slep (Euler) solution method the values of all
endogenous variables are simultaneously determined in a single computational
process. This method has the advantage of allowing complete freedom in the
structure of intertemporal links with terminal conditions appearing explicitly
as part of the equation system. An apparent difficulty with the Euler solution
method is that an initial (time series) solution of the model is required. The
initial solution must consist ol a sequence of databases 0 to T + 1 which satisfy
all the non-linear equations of the model. Having found an initial solution to
the intertemporal model the next step is to construct a Control Path Selution
{CPS). The CPS consists of the expected or preferred values of all variables in
the model and should be a suitable reference scenario for performing policy
simulations or a good starting point for performing forecasting simulations.18
Due to the insights ol Horridge (1990), obtaining an initial solution and
constructing a suitable CPS is relatively straightforward. In practice, the

18 See Dixon, Parmenter and Horridge {1986) for a discussion on the importance of
the control path scenario and on the problems of constructing such a scenario.

16 Micheal Malakellis
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where E@Oé the marginal utility of consumption in time period t, is given by:
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The present value 8 of the consumption stream is determined via a

constraint on national debt. The negative of national debt, net foreign assets,
grows according to the rule:

GIL
e~

A N A A A
NFA, (1 + M -L(X, - M, )+ TRANSOS, . (2.2.20)

A
NFAy, =

where ¢ is the exchange rate {$Australian/$Foreign), NFA is the nominal
value of net mmemmm mmmm\mw valued in Australian dollars (but denominated in
moamb currency), X and M are the nominal values of exports and imports, and
TRANSOS represents exogenous unrequited transfers (e.g. aid). An
implication of the accumulation relation (2.2.20) is that foreign interests in
Australia (or vice-versa) are held as debi rather than equity. The ratio of the
exchange rate at time point t+1 to ils value at t captures the revaluation effect
on foreign debt.

The constraint on national debt (and hence on the value of @ is
imposed via a terminal condilion that requires the ratio of debt to GDP to
stabilize by the end of the planning period.

Following DPSV (1982) it is assumed that aggregation across
households is legitimate so that the per-typical-household values above may be
converted into total values by mulliplying the per-typical-household values by

A

the number @ of households in the economy (e.g. E = E{ Q.

3. Solution Procedure

Following the Johansen solution procedure adopted in solving ORANI,
the intertemporal CGE model is solved in a linearized form using the method
expounded by Wilcoxen (1989) as implemented in the GEMPACK software
(see Codsi, Pearson and Wilcoxen (1991)).

In this section the Johansen solulion procedure is briefly outlined.
The method adopted in GEMPACK for eliminating linearization errors which
may arise from the Johansen procedure is then described. Finally, a method
for providing an initial solution to the intertemporal CGE model is presented.
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