oy

impact Centre

The University of Melbourne
153 Barry Street, Carltion

Vic. 3053 Australia

Phones: (03) 341741718
Telex: AA 35185 UNIMEL

IMPACT is an economic and
demographic research project
conducted by Commonwealth
Government agencies in
association with the Faculty of
Economics and Commerce at The

University of Melbourne and the
School of Economics at La Trobe
University. .

Telegrams: UNIMELB, Parkville

ect

Paper presented at the National Conference
on the Mathematics of Economic Forecasting

held at RMIT, 9-10 December 1982

THE SOLUTION PROCEDURE FOR THE ORANI MODEL
EXPLAINED BY A SIMPLE EXAMPLE

by

Peter B. Dixon

General Paper No. G-42 Melbourne December 1982

The views expressed in this papern do

not necessanily neflect the opinions

of the panticipating agencdies, non
04 the Commonwealth goveanment

ISBN 0 642 52314 2






Contents

1. Introduction

2. The extended Johansen method for computing solutions for

a general equilibrium model : an illustrative example

3. Conclusion

Tables

1. Various Solutions for <H and &N in the System

(2.1) - (2.2) when <w is moved from 1 to 2

2. Tndustry-Output Effects of a 100 per cent Across-the-Board

Tariff Cut Computed in the ORANI Model via the Extended
Johansen Method )

Refervances

Page

14

13

17






The Solution Procedure for the ORANI Model

Explained by a Simple Example
by

Peter B. Dixon

1. Introduction

ORANI is a »m&mm multisectoral model of the Australian
moo¢os%.~ In standard applications it identifies 113 industries,
230 commodities (115 domestically produced and 115 imported),
9 types of labour, 7 types of agricultural land and 113 types of
capital (one for each industry). It contains explicit modelling,
at this disaggregated level, of many types of commodity and factor
flows, e.g., inputs to current production, inputs to capital creation,
household consumption, exports and margin services (retail, whole-
sale and transport). The acuﬁm«bwomcnﬁ characteristics of production
in Australian agricultural industries are also explicitly modelled,
and a facility is included for disaggregating economy-wide results

to the regional (State) level.

The reason for including so much detail in ORANI is to
facilitate its use by a variety of Government agencies with interests
in different spheres of economic policy. Among the agencies which

have used the model are the Industries Assistance Commission, the

1. ORANI is fully documented in Dixon, Parmenter, Sutton and Vincent
(1982), cited hereafter as DPSY (1982).
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Our aim in this paper is to provide a quick introduction to the method
for readers whose time constraints and interests would make more

detailed reading impractical. Section 3 contains concluding remarks.
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16.

evaluation of the A(V) matrix (the matrix on the LHS of (8) in
our example of section 2}, one extra computation of the elasticities
matrix B(V) and one application of a simple extrapolation procedure

such as muwu.w

Compared with various non-linear procedures often used
in solving general equilibrium models, the Johansen method has

several important mm<m=nmmmm.m

First, because only simple matrix
operations are required, model size presents no computational
problem. Data limitations constrain the size om,mwmnms (5) long
before computational considerations play a role. Second, maximum
mwwxwwwwwww is retained by the user of the model in his choice of
exogenous and endogenous <wﬂwmwwmmw Changes in this nvownm are
easily handled by a re-partitioning of the >ﬁ<Hv matrix, see
equation (10). Finally model development can be accommodated without
requiring the re-thinking of algorithms or extensive reprogramming.
Often all that is required is a re-dimensioning of the A(V) matrix.
The advantages of the Johansen method are retained by our extended

Johansen method.

1. Computational costs are discussed in DPSY (1982, section 34).

2. Alternatives to the Johansen method are discussed in DPSY
(1982, section 8).

the tariff on footwear, then this variable is exogenous. On the
other hand, if we are using ORANI to calculate the change in the
tariff which would be required to ensure a given level of footwear
employment, then the footwear tariff is an endogenous variable and
footwear employment is exogenous. For our illustrative system
(2.1) - (2.2), we will assume in this paper that the exogenous

variable is <uw and the endogenous variables are <H and <N.

With this assignment of the yariables to the exogenous
and endogenous categories, we can easily derive solution equations
for the system (2.1) - (2.2). That is, we can express the endogenous

variables as functions of the exogenous variable as follows :

v, = vs (3.1)

and 1
v, = 2-Vv;% , (3.2)

where we assume (as is often the case in economic models) that only
positive values for the variables are of w:am&@ma.w With a solution
system such as (3.1} - (3.2), we have no difficulty in evaluating

the effects on the endogenous variables of shifts in the exogenous

variable. For example, assume that we are initially in a situation

where

<y
i

1.1 .1 ,
WiV = @11 . )

Notice that <H satisfies (2.1) - (2.2). Then we want to evaluate

the effects on <H and <~ (employment and prices, say) of a shift

in <m (the level of protection) from 1 to 1.1. By substituting

1. Thus in deriving (3.1) from (2.1) we can ignore the possibility
of negative or complex roots.
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14.

%. Conclusion

Table 2 is reproduced from DPSV (1982, p. 332). It shows
computations from the ORANI model of the effects on industry outputs
of an elimination of tariffs. The computations have been performed
with a l-step procedure (the Johansen method) and with 2, 4, 8 and 16
step procedures (the extended Johansen method). Extrapolations
similar to those described in equations (17) and (18) are shown in
columns (6) and (7). We accept the 8-16 extrapolation as being
the correct solution (i.e., the free from linearization muuowv.w
Column (8) shows the percentages errors in the Johansen-style

computation. Column (9) shows that these errors are sharply reduced

by a 1-2 step extrapolation.

The policy shock being simulated in table 2 is a large
one, much larger than those routinely examined in applications of
the ORANI model. Consequently, the Johansen-style errors shown in
column (8) of table 2 are larger than those normally encountered.
Our experience with the model has been that Johansen-type computations
are usually adequate. Certainly we have found that 1-2 step
extrapolations reduce linearization errors well beyond the point
vhere they could have any practical significance. Thus, our extended
Johansen method enables us to eliminate uncertainties concerning

linearization errors for the computational cost of one extra

1. That this is a highly accurate solution has been confirmed by
substitution back into the ORANI system (1).

(2.2). Then we set these total differentials to zero recognizing
that if (2.1) and (2.2) are to continue to be satisfied after a
disturbance in the exogenous variables, then the changes in their

LHS's must be zero. Thus, we write

2

N<H <wﬁa<wu + <Hﬁa<wu = 0 (6.1)
and

Q<H + m<~ = 0 , (6.2)

or m@cw<mwm:ﬂuwv in linear-percentage-change form, we write
1

N<H + vy = 0 (7.1)
and

v v

a2, - 2

M 5|V, = 0, (7.2)

where v, = Hooﬁm<W\<wu~ i=1,2,3. In matrix notation, (7.1) and
(7.2) are

2 0 v
Vol = 0 . (8)
<H\m <~\~ 0l iv

I

With V set wn.wﬂm initial value, V- given in (4), equation (8)

becomes

1
vol = 0 . (9)
.5 .5 0 Ve
1. (7.1) is derived from (6.1) by dividing through by V2 V,.
We assume that <w > 0 for all i. 173

2. We divide through by 2. This is not necessary. It is customary,
however, to use share coefficients in the linear-percentage-
change system. Notice that Vy/2 and V,/2 are the shares of

<H and <w in the sum of <H and <N.
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12.

Fortunately, however, effective extrapolation techniques
can be applied to give a high degree of accuracy even when our
extended Johansen method is applied with only a small number of
steps. Consider for example table 1 where we have set out the
results of our various computations of the effects on V., and V

1 2

in the system (2.1) - (2.2) of an increase in V, from 1 to 2.

3
Notice that when we double the number of steps in our extended
Johansen computations, we approximately halve our errors. With a

1 step computation, our errors are -.207 for V., (i.e. .5 -~ .707)

1
and .207 for <m (i.e. 1.5 ~ 1.293). With a 2 step computation our
errors are -.082 and .082. With 4 steps the errors are -.037 and .037.

This suggests that we can estimate vy and v, by:

<wmuvmu <wﬁmu + h<wﬁwu - <wﬂuu¢v i=1,2 (17

or

H]

v,(2,4) V. (4 + . (Vi(4) - vi(2)), i=1,2 (18)

where <wﬂnu is the estimate for <w from an n step computation
and <wm:auau is an improved estimate based on extrapolation using
results from n step and 2n step computations. The values for
<wﬂenmu and <wAN.pv are set out in table 1 under the headings .
"1,2 step extrapolation" and '2,4 step extrapolation", It is clear
that the extrapolations have sharply reduced the errors associated

with the extended Johansen method.

be interpreted as the percentage change in m<avw which would result

from a one per cent increase in ﬁ<muw where the initial values for

all variables are given by <H.

The computations (10) - (12) can be illustrated via

system (9). Where variable 3 is exogenous, we rewrite (9) as

2 0 vy 1
* vy, = o . (13)
.5 .5 vy 10
Then,
v, 2 oyt
= - <w . ﬁHbu
fd.m .5 .wx 0
That is
oo
v -.5
o v, (1s)
P .5

. Equation (15) indicates that in the region of <H = (1,1,1) the

elasticity of variable 1 with respect to variable 3 is -.5 and the

elasticity of variable 2 with respect to variable 3 is .5. By using
(15) we would say that a 10 per cent increase in V; would induce .
a 5 per cent reduction in V, and a 5 per cent increase in v,
This is close to the answers (-4.65 and 4.65) which we found earlier

by substituting into (3.1) and (3.2).

A little experimentation with (15) indicates that the
Johansen approach is satisfactory for computing the effects on the
endogenous variables of small changes in the exogenous variables.
However, when we make large changes in <u. (15) may not give a
satisfactory approximation to the effects on <H and <m. For

example, assume that we increase V; by 100 per cent (i.e. from
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