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Abatract

The purpose of this paper is to demonstrate how
comparative-dynamic simulations may be conducted using ORANI-
INT, an intertemporal CGE model of the Australian economy. The
role of the intertemporal mechanisms in the model are highlighted
via a detailed analysis of the results of several illustrative
experiments. At this early stage of ORANI-INT's development, the
purpose of these experiments is not to shed light on actual policy
issues but rather to investigate the properties of the model itself.

The experiments analysed in this paper have in common a
permanent expansion in government expenditure. The effects of
such a shock are examined under alternative specifications of the
investment theory. Also, the effects of announcing such a policy in
advance of its implementation are compared to the case where the
shock is implemented without warning.
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40 Hiustrative Results from ORANI-INT: An Intertemporal
CGE Model of the Australian Economy

given by 5&4 Thus, >.u.n is the difference between the value that sector j places
on having an additional unit of capital and the cost of obtaining it.
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ILLUSTRATIVE RESULTS FROM ORANI-INT: AN INTERTEMPORAL
CGE MODEL OF THE AUSTRALIAN ECONOMY

BY

Michael MarLagpriis®

1. Introduction
Comparative-static CGE models are well suited to dealing with fssues
concerning the effects of policy changes on the composition of the economy at a
particular point in time. However, they are not well suited to dealing with issues
involving the allocation of resources over time. As with any single-period model,
comparative-static CGE models offer little guidance on the question of whether

policy changes should be implemented immediately or according to pre-
announced plans.

The purpose of this paper is to demonstrate how comparative-dynamic
simulations may be conducted using ORANI-INT, an intertemporal CGE model of
the Australian economy. The role of the intertemporal mechanisms in the model
are highlighted via a detailed analysis of the results of several illustrative
experiments. At this early stage of ORANI-INT's development, the purpose of
these experiments is not to shed light on actual policy issues but rather to
investigate the properties of the model itself.

The experiments analysed in this paper have in common a permanent
expansion in government expenditure. The effects of such a shock are examined
under alternative specifications of the investment theory. Also, the effects of
announcing such a policy in advance of its implementation are compared to the
case where the shock is implemented without warning.

The remainder of this paper is organised as follows: section 2 summarises
the theoretical structure of ORANI-INT, the data used and the method by which
the model is solved. In section 3 ORANI-INT is used to analyse the impacts on the
economy of a permanent 10 per cent increase in real government expenditure.
Several experiments are conducted with a view to highlighting the role that capital
gains and prior knowledge of the shock have on the results. Finally, section 4
provides some concluding comments.

Without implicating them in any remaining errors the author would like to thank P.B.
Dixon, J.M. Horridge, B.R. Parmenter, M.W. Peter and A. A. Powell.
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Condition (A2} implies that either {i) the marginal condition on investment
holds as an equality and investment is nonnegative, or (ii) the marginal condition
holds as an inequality and investment is zero. It is convenient to transform the
marginal condition on investment into an equality as follows

Itlmﬁmrll

=1, ... T
T -Ly Tjg-A=0 (A5}
o +RRy 1 =l d
where Ay, is a slack variable. Since Ayp= L + Ay =0when Iy, 2z 0. Conversely,
i A 3
when .J.n >0, w.ﬁ =0.

The equilibrium conditions for sectoral capital stocks (A3) may be solved
using the values of the Lagrange multipliers from (A4} and (A5). From equation
(A5),

:uvﬁ
t

Iy = A t=1,... T (a6)
IT [ +RRy,] =1, e d
u=1
and
1
Ha.u.nnu, = nuw H\C - >u¢m H ﬁnuu,. aany wH‘ me-ww
HH n +~Nm~?ﬁw =1 . J
u=1
Similarly, using equation (2.3.20)
L W,
S - "rci t=1, .., T (A8)
1 af
.M.Pwm +HNH~”_.G_ MW_..M ﬁm,». m.;.u‘m =1 ...J

Substituting equations (A6) — (A8] into (A3), making appropriate
cancellations and rearranging gives:

f
. rnmm_ﬁ (0 Fy g Wy ¢
[Ty - Ajgg) 11+ RRy Jl - (0 - A (10801 =
mm,ﬁ,.ﬂm

=1, (a9)
t=1, ... T

where

Michael Malakellis

INVESTMENT

- FOREIGN DEBT
~BALANCE OF

DATA COMPARATIVE oM 1>w>d<m COMPARATIVE COMPARATIVE

TRADE

CONSUMPTION

Key: F; - current investment decisions depend on future returns.

B - current stock of capital depends on the stock of capital and
investment expenditure in the previous period.

Ty~ terminal capital stocks.
F¢ - current consumption depends on future prices and income.

Be - current debt position depends on the stock of debt and
accurmilation of debt in the previous period.

T - terminal debt.

Figure 1

Schematic Representation of an Intertemporal CGE Model
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stocks in year 13 favours sectors (most importantly the Construction Sector 5)
with lower investment fo capital ratios.

4. Conclusion
The illustrative experiments presented in this paper demonstrate that
ORANI-INT is amendable to addressing a wide range of issues concerning the
composition of the economy at particular points in time as well as the transition
of the economy through time.

To date, experiments conducted with ORANI-INT have been motivated by
the desire to investigate the properties of the model. The experiments analysed in
this paper focus on the model’s investment theory. Before the model is used for
serious policy analysis the consumption theory modelled must also be
scrutinised.

The experiments reported in this paper indicate that the incorporation of
very simple forward-looking investment behaviour via the modelling of capital
gains makes very large differences to the results produced by the model. The
anticipation effects induced by this type of forward-looking behaviour are quite
significant.

Whether the investment responses produced by ORANI-INT are plaustble is
a matter for future resecarch. To this end, three key areas should be addressed:

(a) Treatment of Expectations: currently, all agents are assumed to have
model-consistent expectations. Alternative views on how agents form their
expectations must be investigated.

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

()  Investment Technology: the investment technology specified in this meodel is
overly restrictive in terms of length of the gestation period and does not
allow for lumpiness in the capital creation process.

It is hoped that the insights gained from the illustrative simulations will
assist in future developments of the model by highlighting weaknesses (and
possibly implementation errors) in the model's theory and/or data. The
experience gained in interpreting the results of relatively simple experiments will
also be of benefit when more realistic but more complicated experiments are
attempted.

Michael Malakellis 5

expenditure in that period. Equation (2.2.3) implies that if the pure time
preference rate exceeds the market rate of interest, the marginal utility of
consumption in the current period will rise relative to that in the next period. In
this case the representative household will transfer expenditures from the next
period to the current one. The opposite will be true if the market rate of interest
exceeds the time preference rate.

2.3 Treatment of investment

In ORANI-INT producers minimise the present value of their expected
future cost stream taking the time path of output as given. In order to calculate
this present value an appropriate discount factor is required.

Capital markets are assumed to be competitive so that producers will only
choose to invest in fixed capital if the rate of return on that investment is at least
as high (after allowing for any risk differential) as the rate of return on any
alternative investment option (including bonds). Investment in fixed capital
involves the purchase of an asset which yields a diminishing stream of capital

services beginning. In equilibrium, the rates of return on all assets {net of any
risk factors) will be equal.

This assumption is captured by the following arbitrage condition which
holds at all time points and relates sectoral rates of return RR, to the safe
domestic bond rate BY, and a sector specific risk factor:

RRj = By +Risl; . £=0, ... T 2.3.8)
jel, o d
Assuming uncovered interest parity,
®
By =1+ Bl —g,~ -1 t=0,..T  (2.3.9)

where BF is the exogenously given foreign safe bond rate and & is the exchange
rate {$Australian/$foreign).

Producers are competitive, taking the time paths of all prices as given.
Thus the typical producer in the Hﬁr sector takes the time paths of the sectoral
rate of return, the asset price of capital I1, and the prices of all other factors W, as
given. The producer then cheoses the paths of factor inputs {e.g. labour and
capital] and gross investment I, to minimise the present value of the expected
future stream of costs PVC, given by: )

T L

PVC = 2
t=1

: W e ® Fye #1141y
1 T A 1§ P R
ot (1 + RR

j=l wnd  (2.3.10)
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34 Nlustrative Results from ORANIHINT: An Intertemporal
CGE Model of the Australian Economy

3.3.2 Resuits coinciding with the commencement of shock

The economy is unable to expand its productive capacity in year 10
because sectoral capital stocks are held constant as s aggregate employment and
agricultural land. As was the case in year 1 in the experiment in which the
government shock was anticipated, any increase in domestic absorption must be
accommodated largely by a deterioration in the trade balance.

The small decrease in aggregate investment in year 10 results from the
decrease in demand for capital stocks in year 11. In combination, the 10 per
cent increase in government expenditure and the 0.07 per cent decrease in real
aggregate investment lead to an increase in real domestic absorption of about
1.95 per cent {the shares of government expenditure and investment in domestic
absorption are about 20 and 22 per cent respectively). Domestic prices rise
leading to a deterioration in the trade balance of A%$3.46 billion {which is
equivalent to about 1.9 per cent of base GDP in year 10). This is achieved by a
10. 37 per cent decrease in exports and 2. 85 per cent increase in imports, As
Table @ shows, the Public Administration and Defence (sector 10) and Community
Services (sector 11) sectors expand largely at the expense of the traded goods
sectors (i.e., Sectors 1-3).

In year 11 the investment price deflator rises by 3.01 per cent whilst the
rental price of capital deflator rises by 4.09 per cent. This wedge between the two
deflators indicates the presence of capital losses in year 11. Aggregate capital
stocks will therefore increase by less in year 11 than they will in the long-run
when capital losses are negligible. The fact that aggregate capital stocks actually
fall in year 11 is somewhat surprising given that the average real cost of using
capital falls in this year (i.e., rental price of capital deflator rises by 4.09 per cent
whilst the average price received by producers rises by 4.51 per cent).

The fall in the real cost of using capital in year 11 is quite modest and is
more than offset by the sectoral bias of the increase in domestic absorption. As
Table 9 shows, the activity levels of the relatively capital intensive traded-goods
sectors (sectors 1-3) fall quite significantly. In addition, the 0.87 per cent
decrease in the activity level of the Ownership of Dwellings sector (9} is important
because this sector is 100 per cent capital intensive and possess close to 30 per
cent of the economy’s total capital stocks. .

The increase in real domestic absorption is slightly higher in year 11 than it
is in year 10 because of the bigger contributions made by aggregate real
investment. Given that the investment process is relatively import intensive and
that the trade balance deterforates by more in year 11 than it does in year 10 it is
surprising that import volumes rise by less in year 11 than they do in year 10
{i.e., 1.81 per cent compared with 2.85 per cent). This result is explained largely
by the poor performance of the Manufacturing sector (3) in year 11 relative to year
10. The Manufacturing sector is by far the most intensive user of imports in the
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The constraint represented by equation (2.3.12) specifies the production
technology available to producers and the path of output which must be
produced. Equation (2.3.14) and (2.3.15) are initial conditions relating to capital
stocks and investment respectively. Finally, terminal period investment flows are
given by equation (2.3.18).

The equilibrium conditions which emerge from the above producer's cost

minimisation problem are derived in appendix A. The equilibrium conditions for
sectoral capital stocks are given by:

gmﬂwumﬂu.n;*u' = m..wnﬁ MNMN.H.H.,TH + @u.ﬁ...w mw.u - m @u.n.?u. - Q.u. mh .H.HH. S | ﬁ&.nw.w\\u
t=0, ..., T

where Bt = I, - >w.ﬁ and MRPK denotes the marginal revenue product of
capital. The value that sector j places on having an additional unit of capital
services in period t is mu.w. The cost of obtaining it is given by du.ﬁ. Thus, >w.» is
the difference between the value that sector § places on having an additional unit
of capital services and the cost of obtaining it.

In the case where the nonnegativity constraints on investment are never
binding the value to the firm of an additional unit of capital services is always
equal to its cost. In this case, equation {2.3.17) may be written as

gmﬂﬁmﬁu.ﬂfw = w\m.w mﬂmu.z.w + E.T.H Uu - m M.H.*.n.*u - H.mu. nu .unn“—. PN J ANWHQV
t=0, ..., T

Equation (2.3.18) implies that the stock of capital held by the firm will be such
that the marginal revenue product of an additional unit of capital services will be
equal to its marginal cost. The marginal cost of a unit of capital services in period
t+1 is given by the RHS of equation {2.3.18). The first term, Q.ﬁ E&.ﬁ +1» is the
opportunity cost of funds tied up in the ownership of the capital services
producing asset. The opportunity cost component is calculated on the basis that
investment costs are incurred in period t for capital which comes on stream in
period t+1. The second term, H.w.ﬁ +1 & is the depreciation costs associated with
the usage of the capital for one period. Finally, the term in square brackets in
equation (2.3.18) captures capital gains/losses.

3. An Application of ORANLINT

3.1 Description of Experiments

In the three experiments reported below, ORANI-INT is solved over a thirty
year time horizon. In all experiments real government expenditure is assumed to
increase by 10 per cent in each of years 10 through to 30.

L;. Consistent behaviour over time then requires that L; is in fact uniform over t.
For L; to vary the theory would have to be generalised to allow for gestation lags of
more or less than one period.
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Chart 5: Paths of Selected Macroeconomic Variables Projected by ORANI-INT: Surprise Shock

Hlustrative Results from ORANI-INT An Intertemporal

CGE Model of the Australian Economy
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currency prices and sales overseas endogenously determined. The commodities
associated with the remaining ten sectors are treated as non-traditional exports.
The foreign currency price of these commodities are held constant as are sales of
these commodities overseas. An endogenous export subsidy ensures that the
exogenously specified sales of non-traditional exports are achieved.

Investment behaviour in ORANI-INT is distinguished on the basis of the
degree of government involvement. The activities of two sectors in ORANI-INT
{t.e., Public Administration and Defence [sector 10) and Community Services (sector
11)) are dominated by the government. Investment in these sectors is exogenous
because the investment theory outlined in section 2.3 is considered inappropriate.

A special feature of the closure of ORANI-INT adopted for these experiments
is the treatment of the Mining commodity. The Mining commodity has a very high
import substitution elasticity as well as a relatively low foreign demand elasticity.
This combination of parameters results from the aggregation of the ORANI
database. The Mining commodity in ORANI-INT is an amalgam of five ORANI
commodities which have quite different characteristics. The high import
substitution elasticity attributed to the Mining commodity reflects the
contribution made by the extremely high import substitution elasticity assigned to
the Oil, Gas and Brown Coal commodity in ORANIL. Similarly, the low export
demand elasticity of the Mining commodity reflects the characteristics of the
Ferrous Metal Ores and Non-Ferrous Metal Ores commodities in ORANL. To
control the volatile output responses of the Mining sector an endogenously
determined subsidy to this sector allows the share of domestic to total supply of
the Mining commeodity to be fixed. This strategy is analogous to that adopted in
ORANI-F (see Parmenter (1988)) to control the domestic market share of the Ofl,
Gas and Brown Coal commodity.

To tie down the absolute price level ORANI-INT also requires the
specification of a numeraire sequence. This is achieved by exogenously specifying
the time path of the nominal exchange rate.

3.1.2 Base scenario used

To construct the base case solution a 13 sector aggregation of the 1980-81
ORANI database is used {corresponding with the ASIC divisions used by the ABS
in the Australian National Accounts). Since simulations are to be conducted over
a 30 year time horizon, the base case must also extend over this length of time.
Accordingly the aggregated ORANI database was replicated 30 times. Appropriate
shocks were administered to the exogenous variables so that a base case which
satisfied all the non-linear equations of the model and in which all real variables
converged towards steady growth of 2.5 percent per annum (and all prices
converged to zero growth) was obtained. Note that the base case does not exhibit
balanced growth in all periods. The values of variables in the first year of the base
case reflect the state of the economy as given by the 1980-81 data. The base case
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The above explanation holds equally for ORANI-INT. The rate of decline in
the real cost of using capital in year 10 is particularly strong in ORANI-INT
because of the presence of capital gains whose growth peaks in year 10. The fact
that the rate of growth in aggregate investment in year 9 {s negative in ORANI-INT
suggests that the compositional effect is much stronger in this model than it is in
ORANI-DYN. Because investors in ORANI-INT react to the presence of capital
gains, the rate of growth in aggregate investment, and hence aggregate
absorption, in the years prior to year 9 is stronger than that projected by ORANI-
DYN. However, the rate of growth in domestic absorption in year 10 is
significantly less in ORANI-INT than it is in ORANI-DYN because the rate of
decline in aggregate investment in that year in the former model almost outweighs
the growth in government expenditure. It follows that the growth in domestic

absorption in year 10 is more labour intensive in ORANI-INT than it is in ORANI-
DYN.

3.3 Resulis of a Surprise, Permanent 10 per cent Increase in
Real Government Expenditure

In this experiment agents learn about the increase in government
expenditure in year 10. Prior to year 10 there is no change in the economy.
Since sectoral capital stocks in year 10 depend on investment undertaken in
previous years they cannot change. Year 10 in this experiment therefore
represents the short-run situation in which sectoral capital stocks are held fixed
and sectoral rates of return are allowed to vary. The characterisation of year 10 in
this experiment is analogous to that of year 1 in the experiment in which the
shock to government expenditure was anticipated.

A selection of results obtained from this experiment are reported in Tables
8 and 9 and depicted in Charts 5 and 6. In contrast to the results obtained from
the experiment in which the shock to government was anticipated, the results
from this experiment exhibit very little dynamic variation.

3.3.1 Long-run results

As expected the long-run results obtained from this experiment are very
similar to the long-run results obtained in the previous two experiments. Since
the mechanisms which generate the results are identical in the three experiments
the analysis here will be brief.

In this experiment, the permanent increase in government expenditure is
accommodated in the long-run by a slightly smaller increase in capital stocks
than is the case in ORANI-DYN (i.e., 0.27 per cent compared with 0.32 per cent)
and consequently, a slightly bigger deterforation in the trade balance {i.e., A$5.6
billion compared with A$5.59 billion). The slight differences in the two sets of

results reflect the presence of very small capital losses which persist in this
experiment.

Table 1: Base-case Projections of the Percentage Growth Rates of Selected Macroeconomic Variables

20

18

18

14

12

10

VARIABLE

Michael Malakellis

2.50
2.50
.50
0.00
0.00
30

2.50 2.50
2.50 2.80

1.96 2.12 224 2.32 238 242 2.44 246 248 248

2.51
-0.01
-0.01

25

-0.02
-0.02
20

-0.02
-0.03
18

-0.04
-0.08
16

-0.05
-0.07
14

-0.08
-0.10
12

-0.12
-0.15
10

2.73 2.65 2.60 2.57 2.55 2.53 2.52 2.51
-0.17
-0.23

2.68 2.62 2.58 2.56 254 2.53 2.52 2.5l

-0.26
-0.34

1.85
399 3.72 3.50 3.17 2.95 2.80 2.70 2.64 2.59 2.56 2.52 2.51

2.32 2.20 2.33 2.39 242 245 247 248 248 249 248
-0.32
-0.41

2,50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50

1.76

3.68 3.44 38.27 3.13 2.92 2.78 2.69 2.63 2.58 2.56 2.54
-0.39
-0.52

2.41

-0.48
-0.81 -0.62

4.01

-0.60

3.02 3.04 2.8 278 273
4.88 2.96 284 285 2.78
1.81

1.38 2.82 4.20

0.06 5.31

2,50 2.50

4.41

-1.88 5.75
0.38
0.55

Table 2: Base-case Projections of the Percentage Growth Rates in Sectoral Activity Levels
6

1. Real GDP at Market Prices
2. Aggregate Real Consumption
3. Aggregate Real Investment

4. Export Volumes
6. Real Government Expenditure

7. Aggregate Capital Stocks
8. Investment Price Deflator

5. Import Volumes
9. GDP Deflator

SBCTOR

2.50

2.

2.50 2.80

2.64 2,59 2.56 2.54 2.52 2.51

2.84 2.73 2.65 2.60 2.57 255 2,53 2.52 2.51
2.76 2.67 2.62 2.58 2.55 2.54 2.52 2.52 2.51
1.3 2.00 2.15 226 2.34 238 242 245 246 248 248

3.31 3.17 2.95 2.80 271
2.68 2.63 2.59 256 2.54 253 2.52 251

4.33 -0.18 2.78 2.80 273
1.48 4.27 3.17 3.03 291

1.05 2.50 3.67 3.51

1. Agric., Forest., Fishing, Hunting

2. Mining
3. Manufacturing

4. Electricity, Gas and Water
5. Construction

2.81

3.35 2.87 2980 2.89

5.56 0.15

1.65

1.60

2.51

2.50 2.50
2,50 2.50 2.50 2.50 2.50 2.50 2.50

2.51
2.50 2.50
2.50 2.50
.54 2.51

2.51
2.51

2,70 2.63 2.5 256 2

2.51

2.66 2.64 2.59 2.56 2.54 253 2.52 2.51
2.51

2.72 2.65 2.63 258 2.56 2.54 253 252 251
3.53 3.54 2.66 2.68 2.65 2.62 258 2.56 254 252 2.52 2.51

2.71
3.88 2.62 3.84 353 329 3.16 294 280

2.60 2.57 2.53 252 252 2.5l

2.82 4.17 2.81
299 3.56 2.71

8. Finance, Prop. and Bus. Services
8. Ownership of Dwellings
10. Public Admin. and Defence

6. Wholesale and Retail Trade
11. Community Services

7. Transport and Storage

2.50 2.50 2.50

2.51

2.51

3.44 2.79 2.60 2.58 2.57 2.56 2.54 2.53 2.52 251

11

2.50 2.50
.50 2.50 2.50

2.51

457 2.87 2680 2.80 2.74 2.69 2.63 259 256 2.54 253 252
250 2.50 2.50 2.50 2.50 250 2.50 2.50 2.50 2.50 2.50 2.50 2

12. Rec., Pers. and Other Services
13. Non-competing Imports
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W? 1

-l =g (e - 1)

t=0, ..., T. (3.2.4)
L

where lower case representations denote percentage changes in the variables

W?H

I, >0, if k1 > k; then {; > k; and and vice versa. In
the long-run (steady state) {4 = kyq. Thus if 1, < ky and k¢ > kyg then §; < ig.
With capital stocks falling over the interval between years 10 and 30 the above

reasoning explains why investment is below, but asymptoting towards, its long-
run value over this interval.

previously defined. Since

The increase in real investment over this interval however, is quite modest
and the increase in real domestic absorption is not sufficient to generate
persistent capital gains of the size observed in year 10.

3.2.4 Pre-shock (anticipation) effects

The pre-shock results obtained from ORANI-DYN are attributable solely to
the assumption of a one period gestation lag in the capital creation process. The
increase in capital required in year 10 to accommodate the increase in
government expenditure means that an appropriate investment program must be
undertaken in the previous year {(l.e., year 9). The Increase in investment in year
9 also induces an increase in the demand for capital in year 9. In turn, the
increase in the demand for capital in year 9 requires an increase in investment in
year 8. This backward input-output linkage effect continues (in attenuated form)
back to the first year.

Table 5 shows that the main beneficiary of the increase in investment in
the pre-shock periods is the Construction sector {5) which supplies about 60 per
cent of the economy's total requirements of inputs for capital creation.

In the first year of the simulation aggregate employment and sectoral
capital stocks are held fixed. With real consumption and government expenditure
also held fixed in the first year the increase in Investment in year 1 must be
accommodated fully by a deterioration in the trade balance. The required
deterioration in the trade balance is brought about by an increase in domestic
prices which induces an appreciation of the real exchange rate

The contraction of the traded-goods sectors, Agriculture, Forestry, Fishing
and Hunting {1) and Manufacturing (3), allows labour, which is fixed in aggregate
but mobile between sectors, to be released to the sectors stimulated by the
increase in investment (particularly Construction (5)).

Despite the aggregate labour to capital ratio being held constant the results
indicate that the price of labour rises relative to the average rental price of capital.
This relative factor price movement emanates from the change in the composition
of domestic production away from exports towards investment. The capital
creation process is more labour intensive than is the production of exports and

17

14

12

i1

10

Fable 4: Projections by ORANI-INT of the Percentage Deviations from Base of Selected Macroeconomic Varlables: Anticipated Shock

VABIAILE

2.11
-0.03
0.41
0.45
16.00

-B.57
-10.82

-5.25
2.08
-0.02

2.08

-10.61 -10.73
-0.01

-4.47 -4.94
-10.37
1.8

-3.99
-9.98
1.7  lL.el

-3.46
-8.33
0.43 0.28 0.14 006

-2.33 -2.83
-7.14 -8.25
1.37 159

-2.056
-6.41
1.29

-1.64
-5.60
1.75 0.78

-1.54
-4.20

-1.68
-3.67

1.86 2.88
0.12 035 0.57 062 082

-0.75 -L.13
-2.24 -2.83
1.20

-0.63
-1.76
1.27

1. Change in the Trade Balance (a}

2. Export Volumes

2.50
3.1
3.74
4.46

0.14

2,84 2.58
2.54

0.33
0.48
10.00
3.16
3.70
4.43
0. 14

0.27
0.50
10.00
2.51
2.47
3.12
3.66
4.39
0.15

0.01
0.18
0.59
10.00
2.45
2.31
3.04
3.87
4.33
0.18

-0.18  0.02
1.04 0.75
1.55 2.03

1.80 2.18 2.35
2.74 3.16 3.42
3.78 4.08 4.23

-0.51
1.53

1.96 2.33 2.70 281

2.03

1.62
-0.08 074
2.31

3.51

-0.84

0.52
-1.00
1.43
-0.65

1.71
1.75 2.0l

-1.52
2.19 2.74 2.36
1.21
-1.12
1.49

-0.19
1.18
1.36
1.84 2.12 3.13 3.32

7.08 6.9

1.81
-0.12

1.01
1.18

1.10

1.34

0.57 0.16

000 0.00 0.00 0.00 0.00 1000 10.00 10.00 10.00 10.60 10.00
0.94

058 0.55 066 083 095

0.72
000 0.10 034 055 0.67 083 072 062 047 032 023

2.08 273 4.71

000 034

0.64 0868 080

0.76 0.80 094

0.02
0.81

7. Real Government Expenditure {b)

&. Investment Price Deflator
8. Rental Price of Capital Deflator

10. GDP Deflator

5. Aggregate Real Investment
8. Agregate Capital Stocks

4. Real GDP at Market Prices

3. hmport Volumes

11. Factor Cost Deflator
12. Price of labour
13. Real GDP at Factor Cost
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26 Nlustrative Results from ORANI-INT: An Intertemporal
CGE Model of the Australiun Economy

The construction cost of capital might be expected to rise by more in year
10 than year 9 {and hence the capital gain) simply because there is no shock in
year 9. However, because of the investment technology assumed, this may not be
true. It is assumed that there is a one-period gestation lag in the capital creation
process so that the increase in demand for capital in year 10 requires an
appropriate investment program to be undertaken in the previous period.
Similarly, the demand for capital in year 11 determines the rate of investment in
year 10.

The impacts on the economy of an increase in aggregate real investment
will be qualitatively similar to the impacts of an increase in government
expenditure as both have the effect of Increasing domestic absorption. The real
appreciation of the exchange rate required to accommodate the increase in
domestic absorption in year 10 is greater than that required in year 9. The reason
for this is two-fold: first, the increase in real domestic absorption is slightly less in
year 9 than it s in year 10. In year 10 real consumption is at its base case value,
real investment falls by 1.5 per cent and government expenditure is exogenously
increased by 10 per cent. The share of investment in domestic absorption is
about 22 per cent and the corresponding share of government expenditure is
about 20 per cent. Real domestic absorption in year 10 therefore rises by about
1.7 per cent. In year 9, real consumption and government expenditure are held
constant whilst real investment rises by about 7 per cent. The shares of
investment and government expenditure in domestic absorption in year 9 are
about the same as in year 10 hence, real domestic absorption in year 9 rises by
about 1.5 per cent.

The second reason for the more rapid appreciation of the real exchange rate
in year 10 has to do with the composition of the increase in domestic absorption.
The increase in domestic absorption in year 10 is mainly due to an increase in
government expenditure whilst the increase in domestic absorption in year 9 is
due to an increase in investment. The investment process is more import
intensive than is government expenditure. The direct and indirect import
requirements resulting from a $1 increase in domestic absorption due to
investment is 91 cents whilst the same increase in domestic absorption via
government expenditure requires 40 cents worth of imports only. This means
that an increase in investment places less pressure on the demand for domestic
resources than does an equivalent {in terms of domestic absorption) increase in
government expenditure. The required deterioration in the balance of trade can
therefore be achieved with less real appreciation in the case of an increase in
domestic absorption brought about by an increase in investment.

Chart 2: Paths of Selected Price Deflators Projected by ORANI-INT: Anticipated Shock
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24 Hiustrative Results from ORANI-INT: An Intertemporal
CGE Model of the Australion Ecoromy

The fact that capital stocks and real GDP at factor cost expand suggests
that the price effect dominates the compositional effect. That is, the increase in
the employment of capital due to the reduction in the real cost of using capital
outweighs the reduction in the use of capital due to the bias of the demand shock
towards the labour intensive sectors of the economy.

Despite both models projecting an increase in real GDP at factor cost, real
GDP at market prices falls by 0.03 per cent in ORANI-INT and by 0.06 per cent in
ORANI-DYN. This result can be explained by the decrease in real net indirect
taxes. For reasons discussed below, an increase in government expenditure
induces an increase in some ad-valorem subsidies. These subsidies put wedges
between the market prices and the prices received by producers. The real
incomes accruing to producers {measured by real GDP at factor cost] include the
contributions of the increase in the subsidy rates. Market prices do not include
the subsidies so that the real value of output measured by real GDP at market
prices will be less than the real income accruing to producers.

There are two reasons for the decrease in real net indirect taxes: the first
relates to the special treatment of the Mining sector discussed in section 3.1.1 and
the second, also discussed in section 3.1.1, relates to the modelling of export sales
by the non-traditional export sectors. With domestic costs rising as a result of the
increase in government expenditure, the price of the imported Mining commodity
falls relative to the domestically produced commaodity. To ensure that the market
share of the domestically supplied Mining commodity does not shrink, the
domestic Mining commodity must be subsidised. In the case of the non-
traditional export sectors it is assumed that the world price and sales of non-
traditional exports are fixed. To ensure that the market for non-traditional
exports clears, any increase in domestic costs must be offset by an increase in
subsidies.

3.2.2 Results colnclding with the commencement of shock

The results obtained from ORANI-DYN indicate that the economy reaches
its new long-run equilibrium growth path in the same year {i.e., year 10} that the
permanent 10 per cent increase in real government expenditure is initiated. All
necessary adjustments in the economy are made in the pre-shock years. It
follows that the explanation of the year 30 results in sub-section 3.2.1 also
applies to the year 10 results produced by ORANI-DYN.

In contrast, the results in Table 4 and Charts 1 and 2 which are produced
by ORANI-INT show that the variables diverge from their long-run values by the
greatest margin in year 10. In this sub-interval, the modelling of capital
gains/losses in the equilibrium conditions for sectoral capital demands makes a
big difference to the results produced by the two models.

Table 8: Projections by ORANI-DYN of the Percentage Deviations from Base of Selected Macroeconomic Variables: "Anticipated” Shock
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: (=) Trade Balance results are reported as ordinary (rather than percentage) changes and measured in Billions of base period $A.
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B

{b) Real Government Expenditure is exogenous and the values in Table 6 indicate the shocks administered.

Table 7: Projections by ORANI-DYN of the Percentage Deviations from Base of Sectoral Activity Levels: "Anticipated” Shock
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22 lilustrative Results from ORANI-INT: An Intertemporal
CGE Model of the Australian Economy

import requirements resulting from a $1 increase in investment expenditure
however, is about 20 cents. Since import prices are assumed to be independent

of domestic conditions an Increase in domestic demand which increases domestic

costs allows the real cost of using capital to fall.

The increase in real government expenditure requires resources to be
drawn away from the rest of the economy and re-directed towards the government
sector. The mechanism which signals the rest of the economy to release
resources is the real exchange rate. An appreciation of the real exchange rate
induces a contraction in the traded goods sectors of the economy as export sales
are lost and imports are substituted for the relatively more expensive domestic
commodities.

The nominal exchange rate is held constant as are foreign prices so that a
real appreciation of the exchange rate is brought about by an increase in the
domestic price level. The assumption of zero pure profits in all activities tmplies
that the average price received by producers for their output s reflected by the
factor cost deflator. In the case of ORANI-INT, Table 4 shows that the average
rental price of capital rose by about 2.59 per cent whilst the average output price
received by the typical producer rose by 3.74 per cent. Table 6 shows that the
real cost of using capital is projected to fall by slightly less in ORANI-DYN. The
factor cost deflator rises by 3.78 per cent whilst the rental price of capital rises by
2.72 per cent.

The results of both models imply that in aggregate, the real cost of using
capital is falling so that the typical producer will want to become more capital
intensive. Note that the decrease in the real cost of using capital allows the real
cost of employing labour to rise despite the fact that aggregate employment is held
constant.

Even if the real cost of using capital was fixed however, (Le., the rental
price of capital and the output price moved together) there would still be scope for
the equilibrium level of capital stock to change in response to a demand shock.
To simplify the exposition, consider an economy consisting of two productive
sectors: one sector produces a traded good whilst the other produces a non-traded
good. Assume that labour and capital are the only inputs to the production
process. Capital is sector specific whilst labour is homogeneous and fixed in
aggregate. With constant returns to scale production technology and zero pure
profits assumed, holding the cost of using capital constant implies that the cost of
employing labour will also be constant. That is, for each sector

pO= Sw + Sy pk
where p0 is the percentage change in the price of output, w and pk are the

percentage changes in the price of labour and capital respectively and S; and
Siare the shares of labour and capital in total factor costs. Fixing the cost of

Chart 4: Paths of Selected Price Deflators Projected by ORANI-DYN: "Anticipated” Shock

Michael Malakellis
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