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ABSTRACT

Since the mid-1980s ORANI-F has been the main vehicle used by
the research team now located at the Centre of Policy Studies
{CoPS) for forecasting the average annual growth rates of
macroeconomic and structural variables over the medium-run
periods (six years, say). The model contains enough dynamics to
accumulate variables such as capital stocks and foreign debt over
the medium term but not enough to give convincing year-to-year
time paths for the variables. In this paper we describe a 22-sector
version of ORANI-F which is available to users outside the CoPS
research team in a fully documented PC version.

The CoPS team is in the process of moving to a new model, called
MONASH , with enough dynamics to allow sectorally disaggregated
annual forecasts which track externally projected business-cycle
phenomena. We compare forecasts from MONASH and ORANI-F for
the period 1990-91 to 1996-97.
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16 Philip D. Adams and Brian R. Parmenter

results by recomputing the simulation in a multi-step procedure. The results for
macroeconomic variables are reported in the third column of Table 2. To clean
up the comparisons still further, we recomputed the MONASH-style simulation,
using a multi-step procedure for each of the annual computations. Results are in
the fourth column of Table 2.

The first thing to notice about the recomputations is that moving to a multi-
step procedure had very little effect on the MONASH-style results, i.e., the
second and fourth columns of Table 2 are very similar. As we would expect,
linearisation errors in the six-year MONASH-style results are small even when
each of the underlying annual computations is performed using a single-step
procedure. Differences between the first and third columns of the table indicate,
however, that there are more significant linearisation errors in the one-step
ORANI-F projections, especially for the trade-balance/GDP ratio (row 2), the real
exchange rate {row 3) and technical change (row 5). For the first two of these
variables, removing the linearisation errors pushes the ORANI-F projections
much closer to the MONASH-style projections. Removing linearisation error
reduces sharply the ORANI-F projection of the rate of technical change. Hence,
the multi-step ORANI-F projection is for significantly less technical change than
is in the MONASH-style projections. As we argued above, we should expect this
in view of the fact that the rate of capital growth projected by ORANI-F is
significantly stronger than that projected by the MONASH-style model.

This brings us to the second move required to reconcile the ORANI-F and the
MONASH-style projections. As implied above and as can be seen by comparing
the last two columns of Table 2, removing linearisation errors does not remove
all the differences between the ORANI-F and the MONASH-style projections. In
particular, ORANI-F continues to project a higher rate of growth of the capital
stock than does the MONASH-style model. This reflects a fundamental difficulty
with the ORANI-F method which is elucidated by Table 3. In the first six
columns of the table, we report, for some macroeconomic variables, the annual
MONASH-style projections, all computed by multi-step procedures. In the
seventh and eighth columns are the accumulated, six-year MONASH-style
projections (also reported in the last column of Table 2) and the multi-step
ORANI-F projections (also in the third column of Table 2). With the solid line in
Figure 4 we have plotted the path of an index of investment (1890-91 = 100, cf.
row 10 of Table 3} in the MONASH-style simulation. The dashed line plots the
time path implied by our smooth-growth assumption in the ORANI-F simulation.
Since capital growth relates to the areas under the investment paths, not to their
end points, it is clear that we have imposed too much capital growth in the
ORANI-F simulation compared to the MONASH-style simulation.

If we have the complete time path of investment, as we have in Table 1, then
it is easy to correct for this error in setting up the ORANI-F simulation. All that
is required is that we calculate the smooth path of investment which would
accumulate, by the end of the projection period, the same amount of capital as is
accumulated by the actual path. This corrected path is plotted as the dotted line
in Figure 44. It involves total six-year growth rate of investment of 6.74 per cent,
not the 14.94 per cent imposed in the original ORANI-F simulation. Results

4 The reader might initially expect that the areas under the MONASH and corrected
ORANI-F paths in Figure 4 should be equal. This would be the case were the
depreciation rate zero.

ORANI-F AND MONASH:
GENERAL EQUILIBRIUM MODELS OF THE AUSTRALIAN ECONOMY
FOR MEDIUM-RUN FORECASTING

by

Philip D. Adams and Brian R. Parmenter
Centre of Policy Studies
Monash University

1. Introduction

Since the mid 1980s, we have been using computable general equilibrium
{CGE) models for medium-run forecasting as well as for comparative-static policy
analysis. Until quite recently we used ORANI-F, a model capable of projecting
only the average annual growth rates of variables over medium-run periods (six
years, say), not year-to-year time paths. Now we are using a new model
(MONASH) with enough dynamics to allow sectorally disaggregated annual
forecasts which track externally projected business-cycle phenomena.

Horridge, Parmenter and Pearson (1993) provide full documentation of a 22-
sector PC version of ORANI-F which is available to users outside the CoPS
research team. We summarise that documentation in section 2 of this paper,
focussing in particular on the dynamic equations which were added to facilitate
applications to forecasting. In section 3 we explain the additional dynamics
which were added for MONASH. We have replaced the ORANI-F dynamics with
the MONASH dynamics in the 22-sector model and conducted forecasting
simulations with the two versions of the model for the period 1990-91 to 1996-
97. The simulations are described in section 4. They are designed to show
whether, in forecasts typical of those which we have been conducting,
differences in the dynamics between ORANI-F and MONASH have any significant
effects on projections of average annual movements in variables for the period as
a whole.

2. ORANI-F
2.1. Static equations

Apart from its investment specification and the addition of equations to
account for the accumulation of foreign debt, ORANI-F is similar to the well-
known static ORANI model described by Dixon, Parmenter, Sutton and Vincent
(1982). The basic structure of the static component of the model is revealed by
its input-output database. For the 22-sector version documented by Horridge,
Parmenter and Pearson {1993), this Is shown schematically in Figure 1.

It reveals the basic structure of the model. The columns in the main part of the
figure (an absorption matrix) identify the following agents:
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Philip D. Adams and Brian R. Parmenter ORANI-F and MONASH 3

domestic producers divided into 22 industries;
investors divided into 22 industries;

a single representative household;

an aggregate foreign purchaser of exports;

an 'other’ demand category, broadly corresponding to government; and

Comments
~ o~ e

Total
change

a holder of inventories of domestically produced commodities.

3.49
2554
24.37

20.63
-7.77

The rows show the structure of the purchases made by each of the agents
identified in the columns. Each of the 23 commodity types identified in the
model can be obtained locally or imported from overseas. The source-specific
commoodities are used by industries as inputs to current production and capital
formation, are consumed by households and governments, are exported and are
added to or subtracted from inventories. Two of the domestically produced
goods are used as margins services, (wholesale and retail trade, and transport);
these are required to transfer commodities from their sources to their users.
Commuodity taxes are payable on the purchases. As well as intermediate inputs,
current production requires inputs of three categories of primary factors: labour
(divided into 2 occupations), fixed capital, and agricultural land. The 'other
costs' category covers varlous miscellaneous industry expenses.

DR
NN CO%S

1996-97
2.3

WOy DM DD
QTR

1995-96
5.
4.
9.
5.
3.
2.1

©gwEn 0QVQ
<F a0y
R

3.0

In principle, each industry is capable of producing any of the 23 commodity
types. The MAKE matrix at the bottom of Figure 1 shows the value of output of
each commodity by each industry. Finally, import taxes are assumed to be levied
at rates which vary by commodity but not by user. The revenue obtained is
represented by the tariff vector VOTAR.

1994-95
-0
3
7
-0
3.

1993-94
-3
-7
-1.

4.

3.
10.3
-5.3

0.4
7.6

In the levels of its variables, the model is non-linear — agents respond to
relative prices, for example. However, following Johansen (1960}, the model is
solved in a linearised form in the percentage growth rates of the variables.

1992-93
0.9
7.5
6.2
7.8
2.8
5.0
1.7
1.3
9.3
-1.3

' ' The key behavioural and institutional assumptions adopted for static part of
the model are as follows.

{i) Producers

1991-92

14.6
7.9
-4.1
-2.9
3.4
-26.2
35.8
8.5
-6.0

Producers are assumed to be price takers in the markets both for their
outputs and for their inputs. The multi-input, multi-output production system in
which each industry can produce several commodities is kept manageable by the
assumption of input-output separability. Under this assumption, an industry's
generalised production function:

Table. I .(continued]:

Flinputs,outputs) = 0 (1)

can be written as:

Glinputs) = Z = H{outputs) , (2)

where Z is an index of the industry's activity level.

Shifts in foreign currency export prices

Cereals

Traditional export volumes

Non-traditional exports
Cereals

Food and fibre, export

Food and fibre, export
Production

Broadacre rural
Mining. export
Broadacre rural
Mining, export
Broadacre rural

Under (2), producers are assumed to choose their output mixes to maximise
revenue subject to the function H which is specified as CRETH. They are
assumed to choose their inputs to minimise costs subject to the function G which
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Table 1

Comments

Total
change

1992-93 1993-94 1994-95 1995-96 1996-97

1991-92

Exogenpus variable:

Real GDP and its components

Philip D. Adams and Brian R. Parmenier

enising economy-wide
labour-saving technical

change .

14.94 Exogenised by endog-
20.80 Shifter on public

1.8 3.0 3.2 1.6

2.0

2.5

1. Private consumption

2.8 3.4 3.0 2.7 2.6

4.8

2. Public consumption

consumption is already

exogenous.
14.92 Exogenised by endogen-

5.9

7.0

6.9

1.8

1.3

-8.0

3. Total investment

ising the general shifter ir:
the investment equations.

Investment in ownership
of dwelling treated as an

exogenous variable.

16.33

-3.9 3.2

1.2

9.8 3.7

1.8

real estate transfer fees)

construction (including
5. Dwelling and non-

4. Private dwelling

Output of construction set
exogenously by endogen-

2.3 3.4 0.5 3.8 6.72
ising stocks.

3.0

-6.1

dwelling construction

Investment in public
services treated as

7.4 25.34

2.9

6.0

0.8

0.0

-0.6

6. Public investment

exogenous variable.

44.32 Exogenised by

endogenising BT/GDP.

5.5

7.3

4.5 6.6

4.9

9.1

7. Exports

Other macroeconomic variables

21.59 The numeraire.

4.4
3.1

4.4
3.3

3.4 3.7

3.0

1.7
2.8

2.3
3.4

8. Consumer prices

20.45 Already exogenous.

3.3

prices {Consumer Price
inflation for QECD)

10. Employment {people)

9. Foreign currency import
11. Population

7.04  Already exogenous.
8.589  Already exogenous.

2.7 1.8 2.0
1.4 1.4

1.4

1.8
1.4

0.2

-1.6

1.3

1.4

Continued ....

ORANI-F and MONASH 5

Historically, non-traditional exports have been small and volatile, pre-cluding
the estimation of individual export demand elasticities. However, in recent years
aggregate non-traditional exports have experienced rapid growth. In ORANI-F
the commodily composition of aggregate non-traditional exports is exogenised by
treating non-traditional exports as a Leontief aggregate. Total demand is related
to the average price via a constant-elasticity demand curve, similar to those for
traditional exports.

(v) Government consumption and changes in inventories

Government consumption and changes in inventories are essentially
exogenous. The default assumption for government consumption is that it moves
at the same rate as aggregate household consumption.

{vi) Margins

Margins services, required to facilitate flows of commodities from their
producers or importers to their users, are provided by two sectors in the 22-
sector version of ORANI-F (18, Wholesale and Retail Trade} and (19, Transport).
We assume that margins are required in fixed proportions to the commodity
flows with which they are associated. Together with commodity taxes, these
margins account for the differences between basic-values and purchasers' prices.

{vii) Prices

Basic-value prices are set via the competitive assumption that no pure profits
can be earned from current production, investment or importing. Combined
with the assumption of constant returns to scale in the model's production
functions for current production and capital formation, this implies that the
baslc-value prices of commodities and the supply prices of units of capital are
functions just of the relevant input prices. The basic-value prices of international
imports in the domestic economy are the domestic-currency equivalents of the
foreign-currency, cif prices inclusive of the tariff.

Purchasers' prices for each of six classes of purchaser (producers; investors:
households: international exports; government and inventory holders) are the
sums of basic values, sales taxes and margins. Commodity taxes are treated as ad
valorem on basic-values. In the case of an international export, the purchasers’
price Is defined as the price at the port of exit. We set these purchasers' prices
equal to the domestic-currency equivalent of the world price (net of the costs of
transferring the exports from their ports of exit to their foreign destinations).
This is equivalent to assuming that no pure profits can be earned from exporting.

(viii} Market clearing

The model includes market-clearing constraints for domestically produced
commodities. International imports are assumed to be elastically supplied at
exogenous world prices. Hence, import volumes are determined by the demand
for imports in the domestic economy.

Also included are equations which compute the aggregate demand for labour
by occupation and an index of aggregate employment using wage-bill weights.
Labour supply is exogenous. The main options in conducting simulations with the
model are to set wage rates exogenously and have employment demand
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10 Philip D. Adams and Brian R, Parmenter

Finally, we make the simplifying assumption that:
E(Rj(t+1)) = Ryt) . (14)

Another possibility to be investigated in future work is the rational-expectations
assumption that:

E(Ry(t+1)) = Rjlt+1)
Under {14}, we can rewrite (13} as:

a m
K = wlnmx_:.: + m.%ﬂés + trendy(t) + f (15)

where, from (11) we have:

AR = PR (a0 - aw) (16)

q{t) and =(t) are the growth rates in Q{t) and II{t} between years t-1 and t. From
equations (15) and (12), we see that initial conditions play a crucial role in our
investment specification. In equation (15), the rate of return in year t-1 is an
important determinant of kj(t) and in equation (12), the investment capital ratio
for year t-1 is critical in translating the capital growth rate for year t into an
investment growth rate for year t.

With these investment/capital dynamics, the first of the MONASH simulations
depicted in Figure 2 projects growth in the endogenous variables for the year
1980-81 to 1991-92. These projections, together with the exogenous growth
rates, allow updating of the model's data, yielding an input-output data base for
1991-92 and 1991-92 initial conditions for the dynamic equations. The updated
data and forecasts of growth in the exogenous variables for the year 1991-92 to
1992-93 are then used in a second annual MONASH simulation. Further data
updates and further annual simulations follow, eventually yielding a complete set
of annual projections for the period 1990-91 to 1996-97 and estimates of input-
output structure of the economy in each of the years 1991-92 to 1996-97,

4. A Comparison of Forecasts _from ORANI-F and MONASH

We have computed forecasts for the period 1990-91 to 1996-97, first using
ORANI-F and then in the style of MONASH. The version of ORANI-F which we
used is the version described in Horridge, Parmenter and Pearson (1993),
implemented on a 22-sector aggregation of the 1990-91 input-output database
prepared by Dixon and McDonald (1992). Variables in this model are interpreted
as six-year growth rates for the period 1990-91 to 1996-97. For the MONASH-
style computations, we replaced the capital-investment dynamics in this version
of ORANI-F (see section 2) with the MONASH equations described in section 3.
Variables from the model which includes the MONASH investment specification
are interpreted as annual growth rates. Our purpose is to explain any differences
which emerge between the ORANI-F projections of the six-year movements in
the variables and the projections implied by the MONASH-style computations.

As is the case in the six-year forecasts which we have produced recently using
MONASH (Adams, Dixon, McDonald, Meagher and Parmenter, 1993), most of the
macroeconomics in our comparative simulations is exogenous. - Shocks for the

ORANI-F and MONASH 7
V(0 = (T-0/TIV(0) + (t/TIY}(T) . (7)
Thus
T-1
Ky(T) = K(0) D} + ﬁMo:src\jég + {t/TYympy T (8)

The assumption that investment grows smoothly allows us to simplify
dramatically the dynamics of the model. It avoids the necessity of explicitly
including in (8) any variables relating to periods between 0 and T. Notice that
K|(T} is linearly related to Yy(T), and to the predetermined values K;(0) and Y;(0).

In growth rates of the variables, (8) leads to accumulation equattons of the
form

yilt) = Aj + By Ky(t) (9)

where yj{t) and w._uma are the growth rates of investment and capital over the
entire span 0 to T. The coefficients Ay and By are functions of the ratios of
investment to capital in period 0, i.e., the higher is the initial investment/capital
ratio, the lower will be the rate of growth of investment required to support any
given rate of growth of the capital stock.

3. Dynamics in MONASH?

MONASH is a dynamic model in the sense that it projects the annual time
paths of the variables. Figure 2 elaborates the projection procedure taking the
example of annual projections for the six-year period 1990-91 to 1996-97 such
as are discussed in section 4. The crucial dynamic part of the model is its
specification of investment. This specification is explained by reference to Figure
3.

We assume that the capital stock available for use in production in industry |
in year t is Kj(t-1), l.e., output in industry j is a function of the capital stock in
place at the beginning of the year. The rate of return in year t on this capital
stock is:

Oi(t)/(1+1) - Ti(t-1) + (O (1-Dy)/(1+1)

Rj(t) = ) : (10)
where
i is the rate of interest,
Dy is the depreciation rate on industry j's capital stock;

Q(t) is the rental on capital in industry j in year t; and
I{t)  is the construction cost of a unit of capital at the beginning of year t+1.

2 This section is extracted from Adams. Dixon, McDonald, Meagher and Parmenter
{1993).
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