. Impact Centre IMPACT is an economic and
NN J 4 . The University of Melbourne demographic research project
ol f | 4. 153 Barry Street, Carlton conducted by Commonwealth
i 4 \., Vic. 3053 Australia Government agencies in
Phones: (03) 341 7417/8 association with the Faculty of

es’ Economics and Commerce at The
Telex: AA 35185 UNIMEL University of Melbourne and the
Telegrams: UNIMELB, Parkville School of Economics at La Trobe
University.

THE ROLE OF MINIATURES IN
COMPUTABLE GENERAL EQUILIBRIUM MODELLING:
EXPERIENCE FROM ORANI

by
R Peter B. Dixon
Harvarnd and La Trobe Univensitieas

B. R. Parmenter
La Taobe University

and

Alan A. Powell
University of Melbourne

Preliminary Working Paper No. OP-39 Helbourne May 1983

The views expressed in this papen do

noi recessaridy aeflect the opinions

of the participating agencies, non
of the Commonwealth goveanment

ISBN 0 642 52362 2






Contents

Page

1. INTRODUCTION 1
II. MAJOR ASSUMPTIONS UNDERLYING THE ORANI SIMULATIONS 4
III.  THE ORANI PROJECTIONS 7
IV. A BACK-OF-THE-ENVELOPE (BOTE) VERSION OF ORANI 10
V. REPAIRING THE MINIATURE 17
vI. RESEARCH PERSPECTIVES 19
TABLES
I. COMPARISON OF ECONOMY-WIDE AND AGRICULTURAL

SECTOR RESULTS FROM ORANI AND BOTE 8
II.  PARAMETER VALUES FOR THE BOTE MODEL 16
FOOTNOTES 21

REFERENCES 23






THE ROLE OF MINIATURES IR
COMPUTABLE GENERAL EQUILIBRIUM MODELLING:
EXPERIENCE FROM ORANI

Peter B. Dixon, B.R. Parmenter
and
Alan A. Powell™

I.  INTRODUCTION

The ORANI model (Dixon, Parmenter, Sutton and Vincent :mmmuj
of the IMPACT E.S.mnnm is a large, highly developed computable general
equilibrium (CGE) model of the Australian economy which is routinely used by
goverrmment and economic policy analysts. The experience gleaned during two
3 4

full cycles of ORANI's development has

and numerous policy applications
revealed four important uses for miniature models in applied research on

large CGE systems. These are:

{a) Heuristics  ORANI distinguishes 230 commodities, 113 types of capital,
up to 70 types of labor, 6 regions, and numerous substitution and
transformation relationships. Notwithstanding the structural md.au:ng..ﬁ.,\
engendered by an explicit basis in microeconomic theory, the rationali-
zation of any particular result obtained from ORANI 1in terms of a
subset of 1its scalar equations is often time-consuming, and always
involves superior powers of discrimination between trees and forests.
Appropriately constructed miniatures are able to encapsulate the major
machanisms in the large model which are responsible for particular
simulation results, and to make these mechanisms transparent for model
users with only a limited command over the intricacies of ‘the full

mwmgnma.m

(b Error detection With large systems the scope for errors in computing

and data handling is immense. The model builder must provide detailed
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12.

13.
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For the total of 12 results reported in Table I for the first 3 shocks

the standard error computed was ﬁmﬁﬁw¢-c*v\owum\dmvw , where 01 and Bi

respectively are the ith ORANI and BOTE results.

We work towards a reduced form for ¢ by first using equations (6), (7)
and (8) to express n: in terms of w, £, a, x°, n:u nm and cm. Then we
use this expression to eliminate g: from (5). Finally we substitute into
(9} to obtain (16)-(18). Fortunately it dis not necessary for our

purposes to proceed to a complete reduced form by eliminating xE.

The seminal work is Johansen [1960].

Clearly a general purpose miniature does not exist. If one is
interested in (say) the chemical industry, then to be of use, a miniature
must explicitly recognize this industry (or at minimum, a group of
industries sharing a common fate with the chemical industry under the shock

in question). For quantitative <m~*amﬂéo:m

of particular results from a
large CGE model, therefore, application-specific miniatures are required.
Each such miniature potentially differs from others in complexity, in the
level and type of aggregation scheme adopted, and in the number of equations

and variables explicitly recognized.

In this paper we use a single special purpose miniature, BOTE
(back~of-the-envelope model), to explain results from ORANI under four

shocks which alter the real exchange rate. Something of the art and science

of building miniatures is revealed by this exercise. A spin-off is an
empirically established result concerning the aggregation of elasticities of

substitution in ORANI.

The paper is structured as follows. In Section II we summarize
the more important assumptions underlying the ORANI simulations. In Section
IIT the principal ORANI results are given. Section IV contains the
specification of BOTE, and initial results from it, of which one set cannot
be matched satisfactorily with ORANI. This problem is diagnosed as one of
parameter aggregation in Section V, where appropriate amendments are made to

BOTE. Our research perspectives from the overall exercise are contained in

Section VI.
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With' the art and science of Jlarge scale applied general
equilibrium modeling now in its third amnmamdu“ practitioners are attempting
to put their policy-analytic work on a routine basis. We see a definite role

for miniatures of the type described in this paper as part of this effort,

(a)

the extent to which induced changes in the buoyancy of the labor
market will be realized as changes in real wages or as changes in

employment;

the extent to which induced changes in national income will be

7

realized as changes in aggregate absorption’ or as changes in the

balance of trade; and

the extent to which induced changes in the real exchange rate will
be realized as changes 1in the domestic inflation rate relative to

the foreign rate or as changes in the nominal exchange rate.

In the current application we have assumed that:

(A

(B)

labor-market effects appear as changes in the overall level of
employment and not as changes in real wages. Thus, real wages were
set exogenously. For the wage shock, the increase in real wages was
set at 0.57 per cent. In the other simulations, zero change was
assumed. An interpretation of this assumption is that real hourly
wage costs are fully indexed to the CPI and that excess labor is

available at the going real wage.

changes in national income appear as changes in the balance of trade
and not as changes in aggregate absorption (which was set
exogenously). In the simulation of an expansion in demand, the
increase in real absorption was set at 0.45 per cent; m_mmszmxm.
zero change was assumed. The exogenous treatment of aggregate
absorption reflects the existence of fiscal and monetary instruments
which are not modeled in ORANI but whose separate exercise can

stabilize aggregate demand in the face of shocks affecting relative

prices in the economy.
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industries with high shares of their costs accounted for by capital tend to
have low labor shares in primary factor costs and vice-versa. In
constructing our BOTE description of the ORANI simulations, it is not clear
how we should evaluate mM\Aa=<mv. Certainly the use of aggregate shares will
produce a value which is far from 'typical' of the industries aggregated
within sector n. Given the strong negative correlation between numerator and
denominator, the use of aggregate shares would be expected to generate an
inappropriately low value. Consequently, we feel justified in recomputing

our BOTE results with

::s-
:s m_A\:{,o.mSv
rather than the original value of 0.500. (Notice that 0.893/0.500 equals
1/0.56. The value 0.893 was chosen with a view to raising our BOTE result

for the CPI for a = 0.45 from the initial value of 0.56 to a value closer

n

to 1.) To achieve (19) we have reset o to 0.28 rather than 0.5. mx

and <m

have been left at the values shown in Table II.

The revised results are shown w:,xozm 3, 6, 9, and 12 of Table
I. In the case of the previously satisfactory results, a siight deteriora-
tion has taken place (standard error 17, versus 15, percent). The results
for the real absorption shock, however, have been brought into much better

agreement with the corresponding ORANI results.

II1.  THE ORANI PROJECTIONS

Rows 1, 4, 7 and 10 of Table I contain ORANI projections of the
effects of our four shocks on employment at the economy-wide level and on
employment and real income in the agricultural sector. They also confirm
{column 2) that we have normalized the shocks so that each leads to a one
per cent reduction in the real exchange rate. In each case, this is

associated with reductions in agricultural employment and income.

In qualitative terms the ORANI results in Table I are easily
explained. We start with the CPI results. Shocks (i) - (iii) are exogenous
increases in prices : the domestic prices of imported commodities, of all
categories of labor, and of oil. Rises in the prices of imports and oil
increase the CPI directly. Each of the first three shocks raises domestic
production costs and the prices of domestically produced commodities. Thus,
further increases in the CPI are projected. Recall that in these ORANI
simulations, nominal wages are indexed to the CPI. Increases in money wages
matching initial increases in the CPl produce yet further increases in
production costs and the CPI. Successive rounds of price and wage increases
ensure that the total projected effects of the shocks on the CPI are very

much greater than their initial effects.

In the case of shock (iv) there are no exogenous price changes
but the increase in domestic absorption is projected to increase output,
especially in the non-traded sector. Because the capital stock in each
industry is assumed fixed, the model implies upward sloping supply curves.
Thus the exogenous increase in absorption raises prices and the CPI. As with
shocks (i) - {111}, the initial increase in the CPI is magnified in ORANI by

a price-wage spiral.
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Table II

PARAMETER VALUES FOR THE BOTE zoom_.ﬂmv

1. Production Sectors

Export Sector Non-export Sector

Labor share in primary factor costs : <M = .6} <N = ,740
Capital share in primary factor costs : <m = .39, <m = ,260
Labor share in total costs : mm = .37, mm = 526
Capital share in total costs : mm = ,24 , mm = .185
Other input share in total costs : wm = .39
0i1 share in total costs : mw = ,006
Share of the exportable in total costs : mm = .078
Imported input share in total costs : mm = .086
Miscellaneous input share in total costs : ww = 119
Capital/labor substitution elasticity : of = .50, ol = .moAcV
Demand function parameters ny = B
(see equation (12)) : g ® .04
2. Weights in the CPI 3. Shares in aggregate imports

(a)

{(b)

(c)

Non-export good : W = .88] Industry usage : om = .75
Imports : za = .050 Consumption : om = .25
Export good : zm = .060
0i1 W, = .009

4. Tariff rates(c)

Industry inputs : ™= 0.19

Consumer goods 1€ = 0.28

The parameter values were selected with reference to the ORANI data base
described in detail in DPSV [1982], ch.4. In this paper we used an updated
data base incorporating the recently available 1974/75 input-output table.

In our ORANI simulations, the capital/labor substitution elasticity was set
at 0.5 for all industries. This was the value which we *:ﬁmémdd% adopted for
both sectors of our BOTE model. Subsequently we changed o= to 0.28 (see the
discussion in Section V).

These are weighted averages of commodity tariff rates using as weights
commodity shares in the aggregate value of imports directly consumed and
commodity shares in the aggregate value of imports used as intermediate
inputs.

Next we note that the increases in real wages and oil prices
both lead to approximately the same decrease in aggregate employment (i.e.,
about 0.5 per cent). General increases in domestic costs, unaccompanied by
compensating shifts in the demand curves for domestic products, are
projected to reduce activity, especially in the exporting and import
competing sectors where the scope for passing on cost increases into selling

prices 1is constrained by international nosnmﬁiﬁéo:.m

In cases in which
tariff rates remain fixed, the change in the real exchange rate is a good
indicator of the n:m:mw in the international competitiveness of the
import-competing as well as the export sector. When (as in the first
simulation) tariff rates are increased, the competitiveness of the
import-competing sector is 1influenced by the consequent increase in the
domestic prices of imports as well as by the change in the real exchange
rate. This explains why, according to ORANI, a one per cent deterioration in
the real exchange rate induced by a general tariff increase causes a smaller

reduction in aggregate employment than the same deterioration brought about

by wage or oil-price increases.

The final sheck, an absorption increase, generates a small rise
in aggregate employment in spite of the deterioration in the real exchange
rate. The 1increased demand stimulates output and employment in the
non-trading sector and in the import competing sector where the assumption
of imperfect substitution between imports and domestic supplies prevents the
demand increase from spilling entirely into imports. Note, however, that
ORANI  indicates that, because of the contractionary effects of the
accompanying deterioration in the real exchange rate, demand expansion is
not a very effective method of increasing employment. According to ORANI,
most of the demand expansion is accommodated by a deterioration in the

balance of trade.
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(z) XN = nja Snatxmuzmﬁm: - S“nh + o:wv%.@ s

where a is the percentage change in real absorption, and pm and pm
respectively are the shares of total imports absorbed by inputs to
production and by consumers. ™ is the share of the output from sector n
used in domestic absorption and A,‘sdv is the share used as an input to
sector e. The first two terms on the RHS of (12) mean that in the absence
of price changes, the percentage change in demand for commodity n is a
suitably weighted average of the percentage changes in aggregate absorption
and the output of sector e. In view of the ORANI data base, a reasonable
value to adopt for ny is 0.96. The final term on the RHS of (12) allows for
import substitution. Given the substitution parameter values used in ORANI,

a reasonable value for Ty is o.g.do.

Equations (1) - (12) constitute a system of 12 equations in
18 variables. Of the latter, output Axm. M, employment of labor Ahm,h M,
rental prices on capital Aam, Q:V, primary factor income Axm. ™, prices
of imports  (p"

m
non-export commodity (p

, mmv, consumer prices ( ¢ ) and the price of the
M) are endogenous. The exogenous variables driving
the system are the prices of the exportable Aumv and of oil (p®), tariff

c

rates  (t% t"), real absorption (a) and the real wage (w). The last five

of these are necessary to inject the shocks described in Section I11.

To this basic system we append the following three equations

which can be solved recursively from it:

(13) 22 = 708+ 308"
(14) v 70 o+ 30r"
and

(15) L= a2 4 gel

These equations define respectively employment in the agricultural sector,

factor income therein, and economy-wide employment (all as percentage

11

We describe activity in the exporting sector (sector e) by the

equations:

m ¢ = Sjtwre) +50a® st e
(2) 2 = St iw-)

3 e . e e

(3) X e

and

(4) r® = <MANm + W) o+ <mﬁam -g) .

The variables are:

nm, the percentage change in the domestic price of the exportable

product;

w, the percentage change in the real wage rate;

€, the percentage change in the consumer price index;

g", the percentage change in the rental value (or profit) per unit of
capital in the exporting sector;

the percentage change in employment in the exporting sector;

the percentage change in the volume of output of sector e, and

r~, the percentage change in primary factor income in the sector.

The parameters are:

mm“ mm and mm, the shares of the costs of production in the exporting
sector represented by payments to Tlabor, rentals on capital and

purchases of other inputs;

<m and <m, the shares of labor and capital in value added, and
Qm“ the elasticity of substitution between capital and labor.
e e e . € e
m s mx and m,.h sum to unity as do fm and <x.

e _ e L c® e _ e _ <
<m wm\ﬁd mmv and <_A mx\Ag mmv



1AQ paqLJaOsap St $9|qeJ0dX3-UOU J0J puewRp By} eyl sunsse ay - (snousboxa
St ma 9ouLs sa|qejdodxa 40y paslnbsua SL uoLjouny puewsp 31oi|dxa op)

'$3{qe1.40dXa-~U0U J40J UOLIDUNS pPURWSD © BINPOUIUL BM ‘AL (euld

6170 = ,L pue
82°0 = ,L “952q B3RP INWYO 943} U] "sindui @3eipauudlul pue spoob uoyjdunsuod
03 buikidde sajed jyidey sbeusae ayy ade 1 pue | dudum (1 + L/t
pue ( 1 + L)/ L @48 (L1) PU® (OL) 4O S,SHY U3 UO SIUBLDLHJB0D BYL "PdXL4 st
a3ed abueyoxa (eutwou ay3y 3Ly} pue snousboxa aue sidodwi 4O $33LAd AJUBAUND
uBtasoy ay3 eyl suorzdunsse uano Aq paljiisnf ade ({{) pue (Ql) Suoll

-enb3 *A|9AL30adsas sindui oneipauwdaijul pue spoob usunsuod 03 Buif|dde sajed

$414R3 wBJORA pe 3y} ut sabueyd abejusdusd ayy asue g3 pue 1 2Jaum
ut

<ot = d (1)

pue
i

L2700 = d (o)

aunsse aMm ‘j1oey

ut
ujy .ca wody J43j3tp Aew 31 -spoob Jswnsuod pajsodwt jo 9diad DLiISBWOP AY)
w

ur abueyo asbejusouad ayjy st oa *Sajqeia0dxd pue (L0 ‘sjJodwl  ‘S3ijipowwod

o, .u

21qel400xa-u0u 4O [43 o4y3 UL s3ubLom ayy auae o pue “n Un Yn ououm

¢ 2 o uw, w u, .
o M d T Jd T d T = 3 (6)
1Aq 1do @43 ut sabueyo abejusdsad surgsp am IxaN

“andano umo

St 40 abesn 93eLpaWAdIUL S, U J0J03S N0 PIIIBU BARY SM (G) U] "OUO O wns

wo@ 0

t . . .
(S PUR S fg ¢S g f5 SaURYS 3500 BYL “1dD Y} YILM aAow IndIno 4o jiun

a8d $3500 snosue||8dSiw jeyl suwnsse oy ‘jejided bBupysom Buippoy o s$3500

ayy “-B-3 SIS0D SNOBUR|[IDSLU JO IJRYS BY} St wm ‘syndut pajdodui pue [io

el

40 s30tud orgsawop syl uL sabueyo abejuandad ayy sue ﬁa pue oa *sjJaoduit pue

A1ipowiod ajqejdodxa ayy jo sindut ‘{10 4o sinduir Aq pajuassudas u  40308S
UL S3S0D J0 Sadeys ayjy ade wm pue mm amm *sandut 49y3o JO umopesauq pafielsp

adou e sapiaoad (§) (1) Yiim nm;ma&ou ‘uoijeue|dxa Jayldny spaau (g) ALug

SN Y57 T X/ N (8)
pue
Cuah o= x ()
¢ Aw - M- EUva = Cw\ Amv
o b u, w

1S+ s+

8 0 N T
ma :m+oa cm+c¢:m+3 +3:m = :a ()

{y) 02 (i) o3 snobojeue suorienbs jdope om

“(u 403295) A3Lpowwod pajsodxa-uou ay3 Buronpoud J03108Ss ByY U0

“(f96L°d
‘28611 ASdQ) $3L11do13se(d puewsp Jdodxe Joj pajdope oJe SanfeA (DILULuL
30U 3nq) ubLy SudyM INYY¥0 UL JuswIPAULY By} 03 uotjewixosdde ue Afuo st
ma 30 uawieadsy snousboxe ayy gt puR X nmw. ,mc s4e 40303s Buijuodxs sy3y
03 snouabopus se 4o 2ybnoyy 3Q ued 1BYY SI[GRLJBA YL °poxLy SI [erided 40
juswAodue ayy jeyy Buiwnsse ‘403085 Butjaodxs syl ur ((ejides pue Jogey o3

SUJAN}.4) dwooul (eas ut abueyo abejusdouad ayj sauigep () uoiienby _'jezides

6
40 3003S paxLj e pue uoLlduny uolionposd S35 e 03 3090gns s3tjoud Bz wixew
03 ndut usoqe| pue 3ndino Buisooyo jo wapqoud Burziwixew 3trjoad unu-juaoys
343 4o suotieoijdut sde jndul aoqef pue 3ndino usamiaq (g) diysuorle(sd
8yl pue (2) uotjenbe puewdp-40qe| 8yl '1d7 34yl YILm saaow [e3ided pue Joqe|

uryl 48430 sindur jo 3tun aad aoiad Byl IeY3 pawnsse m>m; 3 JBUT D0L30N

‘UoL3Lpuod s3tgoad suand odsz e sL (|) uotjenbs bBuioiud sy

el



