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OVERVIEW

Soon after its inception in 1974, the Commission recogaised the need to extend
and upgrade its available analytical capacities to meet its statutory obligations in
advising govemmenta on industry issues. Together with other government
agencies, the Commission sponeored a comprehenaive rrsearch project, which was

designed to provide a consistent analytical framework and data base to be used to
support policy analysie in a number of fields and to assist in co-ordinotion between
policies.

The ORANI model was developed as part of thie research project. The objective
in developing the model was to improve the way in which industry assistance,
trade and development issuee could be analped within a comprehensive, economy-
wide framework. That is, it was designed to improve the information that could
be brought to bear on the impa.ct of policy and other changes on directly-affected
industries, other industries and the economy as a whole.

ORANI is a Large-scale multieectoral model of the Australian economy. It is large
in scale because it embodies considerable microeconomic detail on the nature of
pncduction and demand in the economy, It ie called a multisectoral model because
it trcsts the economy as a system of inter-related industry sectors. The model
captures the interdependenciee between industries thgt arise from the purchase of
each others outputs of goods and senricee; competition for available reaources,
such as labour and capital; and other eonetraints that operate generally (eg the
balance of trade). In strort, the ORANI model provides considerable detail on
individual indwtries within an economy-wide framework.

Because of this, the model can be used to anslyse a vast range of issues; either
broad in scope (eg an exchange rate change) or industry-specific (eg a tariff
change). It provides information on ttre effects of policy and other changes on the
economy generally, outputE of individual industries, imports and exports of
different commodities, employment pattems, commodity prices and so on.

The ORAM framework is especially suited to the analysis of 'what if...'
questions. That is, the basic methodolory of ORANI simulations comesponds to
saying, 'In a given economic environment which abstracts from the multitude of
other factors that could affect industry performance, what if (say) tariff
assistance to industry X were changed by 10 per cent?' The type of answer
provided would not be a forecast of the actual outcome (since this could be
influenced by many other factors) but would be a conditional projection of the
influence of that policy change alone.
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The value of the ORANI model is that it provides a framework for analysing
importent elements of an issue, rather than a definitive aruwer. It organises a

large body of information in an explicit, systematic way. Modifications can be

introduced to enhance the model's suitability for analysing the circumstances of
particular indwtriee and/or policy issues. Since the model is Laid open for
scrutiny, discussion about tlre appropriateness of ORANI analysis can focus on

particular elements of data or particular aseumptions as warranting further
attention. The important point is that there is a comprehensive and cohesive
framework upon which to build improvements and,within which to test altemative
views.

The ORANI model has gained an intemational reputation as a valuable
contribution to applied economic analpis. But like any economic model, it has

certain limitations and simplifications in its data base and underlying assumptions,
which must be considered when interpreting results. While precision csnnot be

cl:aimed, the model resulta provide useful indicators of the direction and orders of
magnitude of responses to some economic change. Qualitative insights frpm the
model usually remain quit€ robust, even in the light of what might appear to be
sigrrificant changes in data or assumptions.

The Commiesion uaeg the ORANI model to provide insights into the factors \f,hich
influence economy-wide growth, employment, and the development of individual
industriee. In the context of individual industry inquiries, ORANI can assist the
Commission in formulating policy advice, by (for example) i[ustrating the effects
of different policy optionE. The economy-wide scope of ORANI means that the
model indicates the implications not only for directly-affected industries, but also
for the economy as a whole and for the interests of congumers and other
producers.

For the Commission, ORANI results usually provide only one source of analytical
information. And irrespective of the quality of ORANI-bas€d information in
particular cases, the formulation of a policy r.ecommendation continues to require
the exercise of considerable judgment.

This guide is desigaed to prcmote better underrtanding of the ORANI model. It
provides an overview of its role in the Commission's work; its general nature; the
salient features of its stnrcture; and what its results mean.

lv



OOItIENIS

OVERVIEW

INTRODUCIION

TTIE ROLE OF ORANIIN POHCY ANALYSXS

The Role Of A Multisectoral Model

The IAC Context

TTIE GENERAL NATI'RE OF ORANI

TIIE SIB,USIURE OF fiIE ORANI MODEL

2.L

2.2

4.1
4-2

4.3
4.4

3

3

8

11

15

15

t7
18

24

26

28

31

31

32

36

The Data Baee

Theoretical Stnrcture
4.2.1 Direct demands for and suppliee of commodities
4.2.2 Indirect demands, prices, market clearing and

other relationships
Solution Procedures And Operational Flexibility
Modificatione To The Standard ORANI Theory

5.1

5.2
5.3

INIERPREf,ING ORANI REf|ULTS
The Assumed Economic Environment
Effects On Product Markets
Effects On Employment

Decomposition of government revenue and expenditure in
ORANI-FTICAL

Cument and futurre outcomes for employment in industry X
Schematic representation of assumed production technology in
ORANI
Response to changing price relativities
Supply and demand responses for domestically produced

commodity X
Effect on industry Y which uses commodity X ae an input

304.t

Table

Figur€g

3.1
4.t

5.1
5.2

5.3

L2

19

33

34

34



1. INTRODUGTION

The ORAM model was developed as part of the IMPACT Project.l Ttre
composition of supportere of (and contributors to) the Project has evolved since its
inception in 1975. Currently, the IAC repr€sents a number of government
agencies2 in an agreement with the University of Melbourne, which in turn
represents a number of academic institutions.S,

The computing system for the ORANI model is publicly available. This feature,
together with the flexibility of the model to analyse a wide range of issues, has

mea:rt that ORANI has become widely used in government and academic
environmentr.4 Ho*"rr.", the focus of this guide is on the use of ORANI within
the Commission. This guide is meant to serve three related purposes:

to clarify the Commission's use of the ORANI framework in its inquiry and
general resesrch pnograms;

to provide a non-technical overview of the model to prcmote
understanding of its structure, strengths 

"rra 
U.it tions; aad

to assist inquuy participants (and other readers) in interpreting simulation
results and in offering constnrctive feedback on the Commission's use of
the model.

For a non-technical description of ttre IMPACT PrlFct models, see Alan A.
Powell, The IMPACI hoject: An Overuiew, First Progress Report of the
IMPACT ProFct, Vol. 1, AGPS, Canberra, 197?; and Alan A. Powell and Brian
R. Parmenter, 'The IMPACT Project as a Tool for Policy Analysis: Brief
Ovenriew', Austnlian Quarterly, Vol. 51(1), March 1979, pp.62-74. Professor
Powell has made several other progress r€ports since 1977; the latest being,
'A Brief Account of Activities Over the perioa lst Febnrary Lg82 to 28tl,
Febnrary 1985 with a hospectus for Further Developments', IMPACT Prcject
Report R-O5, University of Melbourne, April 1985.
Other participating Commonwealth agencies ar€ the Departments of Arts,
Sport, the Environment, Tourism and Territories; Employment, Frlucation and
Tfaining; Immigration, Local Government and Ethnic Affairs; Industry,
Technology and Commerce (Bureau of Industry Economics); and Primary
Industries and Energy (Australian Bureau of Agricultural and Resource
Economics). In early 1987, the Tleasury |rined as an observer.
Other participsting academic institutions are the Australian National
University and La Tl.obe University. Other universities participate on an
informal basis.
In fact, ORANI has gained wide acceptance as the preferred method for
policy analysis of interectoral issues. A survey of applications by the
IMPACT team, the IAC, oilrer govemment agencies and by academics can be
found in Alan A. Powell and Tony Lawson, 'A Decade of Applied General
Equilibrium Modelling For Policy Work', IMPACT Genenl &perNo. G{9,
Melbourne, November 1986 (available fiom the IAC - see footnote 5).



Igith these obFctives, this gUide cannot cover iggues of tectinical detail of the

model. Nor can it adequately deecribe the enhancements of the model that have

been introduced and that are in proepect. Readers with this level of intereEt al^e

refened to the exhaustive technical documentation by the principal authors of the

model and to the set of worting papem whictr deecribe epecific aspects of the

etandard model, updates of data bases, refinements of parameter estimates, and

enhancements in technical scope.6

The centrepiece of the ORANI documentation is Pet€r B. Dixon, B.R.
Parmente& John Sutton and D.P. Vincent, ORAM: A Multirectatal Model of
the Australian bonomy, North Holland Publishing Co., Amstetdam, 1982
(hereinafter referred to ae DPSV). Lists and copies of working papers can be
obtained fr.om the IMPACT Information Officer, Industries Assistance
Commiasion, P.O. Box 80, BELCONNEN, A.C.T.' 2617.



2. lEE ROLE OF ORAMINPOLICY ANALYS

All economic analysis requires the use of models. A model does not have to take a
particular form, such as a set of mathematical expressions, It may be a oet of
qualitative concepts, perhaps based on intuition, personal experience or
reasoning, Irrespective of form, models make a problem manageable by
simplifying what ie complex in reality. Economic models must therefore abstract
from many of the intricacies of a modern economy. Yet to be useful, they must

capture the more important features of the system they seek to represent, and

leave aside the details that are only of secondary importance.

As Robinson and Eatwell put it,

"Yet, we cannot get on wittrout making models, and models must be
simplified. A map on ttre scale of 1:1 is of no use to a traveller. The art of
setting up models is to cut out all complications inessentisl to the pojnt at
issue, without eliminating the features necessary for safe grridance."o

The phrase 'to the point at issue'in this quote ehould be emphasised. It suggesto

that the nature and adequacy of a model cannot be divorced from its purpose. It
is very much a case of 'horseg for couneg'. Certain policy problems are better
analysed with particular types of models and any particular model may be well
suited to aome policy tasks, but not to others.

This section sets the context for ORANI by outlining the Euposes for which the
model was designed and for which it has proved to be a useful analyticol tool. It
does not addrrese the question 'Why use a model?', since the use of a model (be it
quantitative or qualitative, explicit or implicit) is inevitable for anyone
approaching a policy problem, Rather, it addresses the question, 'Why use a
model which takes on an explicit, quantitative form?'.

2.1 The Role Of A Uultisectoral llodel
Being a multieectoral model of the Australian economy, ORANI is mainly used in
the context of inter-industry analysis. A useful starting point in assessing the
model's role is therefore to address t,Le purpose of inter-industry analysis.

Joan Robinson and John Eatwell, An Intrcduction to Moden fuonomics,
McGraw llill, Maidenhead, U.K., L973, p.54.



- trhy crnarrct inter-idustr5r nmlJnes!?

Inter-industry anslysis is baeed on the view ttnt, for some pur?oses, it is
important to coneider the economy as a complete system of interdependent
industrisl sectors. This view of ttre economy emphasises:

- the direct linke between induetries through purchases and sales of each
other's goods and serrrices; and

- indirect links through such mechaniems,aa collective competition for
available labour, capital and other neoources and economy-wide
coruttraints that op€rat€ on the balance of pa.yments, govemment budgets
and so on.

Interdependencies between industries can be important in a number of areas.
FirEt, macrceconomic policies and other events, which affect the economy
generally, rarely have an industry-neutral impact. Inter-industry analysis can help
determine the implications of macroeconomic policies and events on the pattern
of industry development.

Second, a development in one industry sector may have quite pervasive effects,
through the direct and indirect links between economic activities. Inter-industry
analysis helps identify the wider potential implications of a change and helps
ensune that consideration of effects is not confined to dircctly-affected
industries.

Third, in the current economic environment, govemments are increasingly
constrained in their ability to tackle maclleconomic problems (eg growth,
unemployment, inflation, and the balance of pa.yments) through the use of
conventional demand management policies. This has generated gr€ater interest in
microeconomic policiee as s means of addressing macroeconomic problems. Or at
least, it has led policymakers to be more concerned about the macroeconomic
consequences of policies tlut are applied at the sector level in the economy.
Inter-industry analysis has an important role to play in this regard, in identifying,
for example, the macroeconomic implications of industry policies.

. WhyueeORANP

Multisectoral analysis therefore has a vitsl rcle in addressing important policy
issues, Once the role of inter-industry analysis is accepted, the use of a
quantitative model such as ORANI becomes indispensible.

7 For a more complete overview of the role of inter-industry analysis, see B.R.
Parmenter, 'Inter-Industry Analysis: The ORAM Model of Australia's
Industrial Structure', in L.R. Webb and R.H. Allan, Industrial konomics:
Austtzlian Studies, George Allen and Unwin, Sydney, 1982.



Inter-industry analysis rrequires a detailed picture of the structure of the economy
and a set of mechanisms for determining how that picture will change in response

to some economic stimulus. The detailed pictur€ covers such elements as the
structure of sales and purchase linkages between industries and their employment
of labour and capital. The rresponse mechanisms characterise the behaviour of
different groups, such as producers, workers, congumersr and investors, as they
interact with each other in adapting to economic stimuli. The required detail of
structural data and response mechanisms is beyond the capa.city of intuitive
models. A formal quantitative framework is essential, for purely practical
reasons.

The ORAM model embodies cmridernble detail o the stnrctrne of tbe ecmomy-
The standard ORANI data base identifies about 112 industry sectonr which produce
a similar number of goods and services. The database provides a breakdown of
costs of production in different industries, where o,rtputs are sold (eg to other
industries, exports and final consumptiod and the composition of imports. (See

section 4.1 for more discussion on the database.)

The design principles of ORAM introdre a subtantial body of economic theory
to capture the principal nesponses of different economic decision makers in
adapting to changed economic conditions. These principles are based firmly on
conventional microeconomic theory which ascribe standard forms economic
bebaviour, guch as cost minimisation or utility maximisation.

To understand why ORANI is based on thege design principles, it is useful to make
a broad distinction between causation and comelation, The modelling of the
motivation (behaviour) of economic actors corresponds to the causation
approach. As an illustration, the punsuit of cost minimisation causes producers to
purchase less of a commodity when its price increases relative to possible
substitutes. An alternative approach is to model responses as being simply
correlated with some set of factor.s. For example, the output of an industry could
be modelled as being correlated with time. The (informal) justification might be
that, demand may historically have grown steadily with increases in population
size.

A potential problem with the correlation approach is that, whilst it may be
satisfactory in predicting events for some time period, circumstances may change
in an economy to undermine the correlation that was previously evident, For



example, t,Le cost pressures created by the oil-price shocks of the 1970s upset the

correlations between, say, growth in output and growth in population.8

The causal modelling approach is much more durable in the sense that it is able to
withstand, and indeed explain and predict, changes that occur in the economic

environment. In short, it contributes far more to an understanding of how the

economy operates and what the full implications of some change might be.

Moreover, a sound theoretical foundation enauree logical consistency within the
structure of the model and therefore imposes a discipline of Iogic on the results.
This can be very important in ensuring that spurious results are not produced.

Just as one example, the model is structured in such a way that if prices of
substitute goods are inflated equally (in percentage terms), consumers will not
alter the mix of their purchases.

Becawe of these characteristics, ORANI povides a Ent€matic framewort for
anafping policy and other iseres. It organises a consistent. integrated data base

with a set of the important structural relationships of the Australian economy.

The ORANI model provides a framework for tracking the likely responses of many

different groups to some change and for weighing up perhaps opposing influences
to provide an estimate of what the final outcome might be. In helping to identify
the full implications of some policy change, ORANI can therefore contribute to
the development of policy that better serves the community generally.

For example, many of the policy recommendations that the Commission considers
involve a change in assistance to a pa.rticular industry. The effects of the change
in assistance on that industry are reliatively easy to identify. What is often more
difficult to assess is the effect that the change may have on using industries,
supplying industries, conaumers, the general level of prices, wages and so on.

ORANI provides a meana of assessing all these effects, as well as weighing up all
the different responses to suggest what the implications of the change might be
for the economy as a whole.

Not only does it help identify the full implications of a policy change, but it can

also illustrate how a range of different policies interact. Such insights can assist
policy ceordination.

Many quantitative macroeconomic models broke down in terms of their
predictive abilities in the wake of the oil-price shocks. This was in part
because they relied on the correlations between factors which had previously
existed at a very broad level. Following the revealed inadequacies of these
models, much more attention has been paid to structural, causal models which
could incorporate the nature and detail of likely responses to developments
such as sudden increases in certain input costs.



In addition, the ORAM framewort Fn be us€d ficibfy to address a wide range of
problems or the same problem in different ways (see section 4,3). However' the

systematic nature of ORANI helpe ensure that model experiments are approached

in a comprehensive and coher€nt fashion.

The stnrctu€ of ORAM is erplicit. That is, it is a model with high 'visibility',
with a data base and assumptions open to scrutiny. This contributes to an

understanding of why the model produces the results it does; and if there is

surprise at or disagreement with the results, the focw of debete can be narrowed

to the source of differences Ge it data or some mechanism of the underlying
theory), rather than disputing the analysis as a whole. Indeed, insights provided by
participants in Commission inquiries can lead to modifications to the model to
improve the way in which it represents pa.rticular aspects of interest (see section
4.3).

Although the ORANI framework can be very useful in policy analysis, it is not a

substitute for judgment, The user must ensure that the model and t,Le way that it
is used are suited to the issue at hand. The limitations of the model in illustrating
certain mechanisms must be borne in mind. Professor Powell, in discussing the
background to the development of the IMPACT models, said:

"They arre not policy studies; nor can they, without the intervention of a
policy adviser, prroduce policy prescriptions, Essentially, they are nothing
more nor less than analytical tools designed to assist in reaching a better
informed^understanding of issues to which judgments must ultimately be
applied. "9

Overall, the ORANI model provides a valuable framework for handling a large
body of information to addre*s a range of policy and other issues. It imposes the
rigour that resultg can only be derived from explicit inputs of data and

assumptions which reflect the essential features of behaviour suggested by
conventional economic theory. ORAM results provide useful indicators of the
likely direction and orders of magnitude of responses to economic changes. But
inevitable approximations and simplifications in the inputs of data and theory
mean that precision cannot be claimed. Consequently, the model aerves as an aid
to judgment and not as a replacement for it,

Alan A. Powell, The IMPACT Prcject: An Overview, op. cit., p. 1.



22 Ib IAC Cotext
The Commission's main functions are to advise the Government on the appropriate
natur€ and extent of assistance to Australian industries and to report more
generally on trends in industry assistance and its effects on the economy. General
policy guidelines for industry inquiries require the Commission to take into
account, amongst other things, the effects of its proposals on the interests of
other industries, and of consumers.l0

Inter-industry analysis therefore forms a centr{l part of the Commission's
inquiries and r.esearch. The ORANI framewor* often assists the Commission in
this regard, by providing a formal, quantitative and 'transpa.rent' way of assessing

structural interdependencies in the economy. The model provides information:

. to the Commission, which may help the process of making judgments

about appropriate policy prcposals; and

. to decision-makers and the community-at-large, to assist understanding of
the implications of policy options.

The model is not treat€d as a 'black box'; run in a routine and unquestioning way
to provide the sole source of analytical information. The importance placed on

ORANI-bssed analysis varies frcm case to case, depending most importantly on

the suitobility of the model's a*sumptions to the issue at hand. Often,
modifications are made to the model to enhance its ability to consider particular
industries or anal5rtical issues. But in no case would the Commission rely solely on

the model as a basis for its judgments. ORANI analysis is but one of a number of
sources of information tiat are normally accessed.

The Commission has always seen that an important, integral pa.rt of its work is to
provide information on the effects of assistance to industries and changes in these
assistance arrangements, Perhaps the most comprehensive discussion of the
Commission's approach to reporting on effects of changes jn assistance was
provided in its 1979-80 Annual Report.ll It was stated that analysis of three
aspects of effects can be influential in the formulation of the Commission's
recommendations - although the extent of influence of each aspect varies
according to the circumstances of individual inquiries. The three aspects are:

. the consideration of effects of assistance changes in isolation from other
developments in the economic environment;

sasessment of effects from the perspective of the longer term economic
and social environment in which the policies would operate; and

10
11

See, for example, lAC, Atntnl Report 7984-85,
IAC, Annual Beport 7979-80, AGPS, Canberra,

AGPS Canberra, 1985, p. 26.
1980, Chapter 3.



. analJEis of t,Le short term consequences of moving fncm the existing to
proposed levels of assistance.

The Commission went on to emphasise the importance of taking an economy-wide
approach to assessment of effects and a balanced reporting of potential gains and
losses for various gnoups in the community.

The ORANI model has proved useful to the Commission in exploring the economy-
wide implications of assistance. Moreover, ita potential to assist the
Co m mission's reporting functions is expanding.

Following the Uhrig Review of the Commission,l2 additional emphasis has been
placcd on:

. reporting not only on the natur€ and effects of assistance measures but
also on the principal factors affecting the economic performance of
assisted industries;

. arisessiment of forms of assistance other than trorder pr.otection; and

. reporting on other assistance options as well as t,Le Commission's
preferred option.

The ORAM model is sufficiently comprehensive and flexible to be able to address
these aspects in many cases.

Analysis based on the ORANI model compiements t,Le Commission's use of the
concepts of nominal and effective rates of assistsnce.lS Estimates of nominal
and effective rates, which are (pa.rtial equilibrium) messunes based on the
assumption that imported and domestically-produced gods are perfect
substitutes, are used as indicators of the relative levels of assistsnce afforded
various industries. These measures are of limited use in assessing the likely
effects of changes in assistance. However, ORANI, with its economy-wide
perspective (and assumptions of imperfect substitution), can often provide more
useful indications of likely effects.

In October 1984, the Government enacted amendments to the IAC Act
following a Review of the IAC conducted by Mr John Uhrig.
See, for example, IAC, Assistance to Manufacturing Industrzes, Information
Paper, AGPS, Canberra, June 1987.

t2
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3. TEEGENERALNATT'R.EOFORAM

This section describes the general way in which ORANI has been constructed in
order to fulfill its role. In so doing, it explains some of the descriptors that have

been applied to the model. This may also help to distinguish ORANI from other
cla*ses of quantitative models.

. ORAM is a Comgrtable Geaeraf tnra*t. (CGD Modef

There is no precise definition of a CGE model. However, common characteristics
include the following.

The 'computable'part of the deecriptor reflects an emphasis on practical
application. There may be developments in economic theory, complex
mathematical forms for relationehips, or scope of Etructural detail that some

analysts may wish to have incorporated in models. But practical considerations,
such ag the capo.city of available computen, mle them out. There is implicit
recogrrition that aome (perhape relatively minor) ghort cuts on theory have been
taken to enaure tlnt the model is tractable and can be applied to analyse policy
issues,

The 'general equilibrium'pa.rt refers in a broad way to the fact that attention is
given to the gtructural detail of the economy, the inter-relationshipe between
sectorE of the economy, and to the notion that demands equal supplies in all
markets.l4 One contrast would be with a model which only attempts to describe
relationships between macroeconomic aggregates in the economy, and which
paases over the industry or workforce structur€. Another contrast would be with a

partial equilibrium model which would consider, for example, the direct effects of
a policy change on demand and supply conditions in one industry, but would
overlook the indirect effects transmitted to other industries and fedback from
other industries.

There are two main features of CGE models. Firrt, the resporuies to change that
they compute reflect optimising behaviour on the part of producers (profit
maximisation or cost minimieation) and consumers (utility maximisation). Second,
they take account of constraints, such as availability of factors of production (eg

labour, capital, and agricultural Land), restrictions on the government budget, the
balance of payments and so on. lbking account of such constraints provides a role
for prices to induce adjustments in the prcduction and exchange of goods and

L4 In the CGE class of model, there may be some exceptions to the notion of
simultaneous equilibrium between supplies and demands in all input and
product markets. For example, depending partly on how simulations are
specified, not all markets in the ORANI model 'clear'. Nevertheless, the
CGE label is useful and meaningful in indicating the basic design principles,
even if there is not absolute adherence to the concept of general equilibrium.

11



services. This conatrasts with traditional input-output analysis, in which industry

output responses are assumed to reflect an historical, average pattern and do not

reflect optimising behaviour nor the operation of constraints.lS

In CGE models, the allocation of resources (labour, capital, material inputs and so

on) acrfoss industry sectors, as well as the outputg of industries, are determined by

the interplay of profit-maximising producers and utility-maximising consumers in

competitive markets. Priceg and quantities ar€ determined simultaneously to

ensur€ that supplies equal demands in both product and input markets.

. ORAM ie a Comlnrative Static Xodel

The ORANI theory is specified (for the most part) so as to compute equilibrium

solutions. That iB, the rresults have the int€rpretation that all the inter-related
adjustments have worked through the economy to (re-)establish balance between

demancls and eupplies. The term 'comparative Btatic' refer€ to the method of
comparing differences in the values of variables between equilibrium solutions.

ORANI is a comparative static model and it operates in the following way.

Suppose ttre focw of interest is on employment in industry X. In Figure 3.1,

current (equilibrium) employment is represented by E1. Suppose that in response

to evolving economic conditions employment would be E, after a period of T
years. E, is an equilibrium point and rcpresents the 'control' solution. If a policy
change is introduced, the effect might be to raise equilibrium employment to E .

FtGUng s.l : CURRfl\fT AND F'UT(IRE OUrcOMB FOR EMPLOYMF'MIN
INDUyIN,YX

Enploymen t

Tine (years)

The ORANI methodology is to compare ttre equilibrium values at the point T.
That is, the effect of a policy change is assessed as the change in employment in

15 See section 4.2 and IAC, 'A
Multipliers', Working hper,

Perspective on Input-Output Analysis and
December 1987.

t2



equilibrium (represented by EB - E2), all other thinp being equal. For
computational ease, the structure of ORANI equations is expressed in terms of
percentage changes (see section 4.3). This means that an ORANI result is the
difference (EB - E2) in period T, expressed as a percentage of the original value
nrDDl.

The ORANI methodolory contrasts with dynamic models which attempt to track
the movement of variables over time through disequilibria to a new equilibrium
solution (provided no new disturbance is intncduced to initiate adjustment towards
yet another equilibrium). In terms of Figure 3.1, a dynamic model would provide

information which could be used to draw in the time paths of employment in
moving from E, to E, and from E, to Er.

ORA\-I is not specific in regard to the timing of changes. Rather, timing is
inferred from the range of factors which are allowed to adjust in reaching a new
'equilibrium'. The most important determinant in this rega.rd is the stock of
capital. In many applications, the capital stock in each ORANI industry is held
constant. Under these circumstances, the equilibrium that can be achieved is only
short run. The time lapse for the ORANI short run has generally been interpreted
to be roughly two years. In applications in which capital stocks are allowed to
adjust, ORANI solutions can be given a longer term interpretation (say 5 to 10

years).

. Policlz Analyris ver$E 'Foreeting'
ORANI can be used to address a host of '\'hat if type of questions. What would
happen if assistance to a particular industry were changed by a specified
amount? What would happen if world prices for certain commodities declined by
10 per cent? What if Australia's currency depreciated by 20 per cent following an

adverse movement in time the terms of trade?

In the way in which ORANI simulations are normally conducted, the answers to
such questions indicste the influence of the policy (or other) change alone. They
abstract from the myriad of other factors that would be operating continuously to
shape the development of industries and the employment of labour. Thus, in the

16 Strictly, the difference should be expressed as a percentage of the control
value in year T, ie E2. However, in practice, E2 is taken as being equal to Er,
because (i) the contrcl solution involves no change from the current
situation; (ii) the ftistoricaD dats base provides a reasonable approximation
for the control values because various ratios derived from the data base (eg
sales and cost shares) are more important to ORANI solutions than the actual
levels; and (iii) sensitivity analyses suggest that comparative static results
are not very sensitive to the details of a control solution. See Peter B. Dixon,
B.R. Parmenter and Mark Horridge, 'Forecasting Versus Policy Analysis With
the ORANI Model', IMPACT Working kper No. OP-56, Melbourne, June
1986. An intuitive example might be that tlre effects (eg the pattern of
percentage changes in outputs) resulting from a change in industry assistance
would be similar whether calculated on the basis of 1986 or 1988 data.
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analysis of policies, ORANI does not attempt to for€cast'the actual outcome but
abstracts from other economic influences to focw on the likely effects
attributoble to the policy change alone.

The above discussion on comparative statics showed that, for policy analysis,

ORANI assesses the sole influence of a policy on the likely value of certain
variables at some time in the future. All factorg, other than the policy change,

are held constsnt in the comparison of future values.l7 H"rr.u, in policy analysis,

ORAM projects the effects on future levelsof output and employment and so on

above or below what they would otherrpise be.

To illustrate further, suppose that the influence of a policy was projected to raise

industry output in about two yearB time by 2 per cent. This result would not
represent a forecast of the actual outcome. There will be other factors at play,
such ag shifts in demand and changes in world commodity prices which, in the
absence of a policy change, may lead to an actual outcome of a reduction of 5 per

cent in industry output. Since the influence of the policy was assessed to be to
raise output by 2 per cent above what it would otherwise be, a forecast of the
outcome after the intncduction of the policy change would be that industry output
would decline by 3 per cent.

For forecasting, the comparison is not between two equilibria at a future point in
time. Rather, forccasting is concerned with a comparison between current values
and likely future values. There has been gome work to adapt ORANI along these
lines for making projections of future valrres.lS These projections are conditional
upon scenarios for the futurc course of certain variables that must be supplied as

inputs to the model.

In practice, the only change introduced into the ORANI simulations is the
policy change under consideration. In terms of Figure 3.1, this means that E2
equals Et.
See Peter B. Dixon, -Prospects for Australian Industries and Occupations,
1985 to 1990', Australian bonomic Rcuiew, 1st Quarter, 1986, pp. 3-28.

t7
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1. lEE SIR,UGTT'RE OF TEE ORAM UODEL

This section covers the epecifics of what is in the ORANI model. It is structured
so aa to illustrate three ealient features:

. the detsiled information in the ORANI data base;

. its foundation in conventional microeoonomic theory; and

, its operational flexibility.

,1-l Tbe Ibta Bsse

The simulation resulta of any quantitative model reflect a combination of two key
componenta: its data base and the theoreticsl structure embodied in its system of
equations that describe how variow economic decision makers are likely to react
to changing circumstances. The information content of the data is given and is
quite independent of the explanatory apprcach taken by the model builder (except
perhaps in a purely organisational eense).

The foundation of the ORANI dota base is input-output information which,
amongst other things, captures the sales and purchase patterns of industry sectors
within the economy. In essence, input-output statistics show:

. the distribution of industry outputs to satisfy the input requirements of
other industries (termed 'intermediate demands') and to satisfy t,I.e final
demands by households (consumption), by government, by investors (for
capital formation purposes) and by foreignera (exports); and

. the cost Btructures of industries in terms of intermediate inputs of
commodities (goods and services supplied by other domestic industries and
by imports), primary factors of production (labour, capital) and certain
taxes and subsidies.

The starting point for the construction of the ORANI deta base is the Australian
Bureau of Statistics' (AB$ Input-Output Thbles.19 Th.". show demands for and
supplies of 108 commodities and industries. F\rther detail is obtained from the
ARS on particular aspects of these data such as imports of different commodities
and the use of 'margins'(eg wholesale trade, retail trade, transport) in transfering
goods and services from producer€ to consumers. The data base is also modified

19 For the published form of the Input-Output Thbles see, for example, ABS,
Awtnlian National Accounts, InpuFAttput TbbIes lgZB-29 (Catalogue No.
5209.0), Canbema, 1984,



(based on sura'ey data from the (former) Bureau of Agricultural Economics) to
reflect a special treatment of the agricultural sector (see 'Commodity Supplies'
below).20

With all this information, the ORANI data base in itself provides considerable
detail on the stmcture of prrduction and demand in the Australian economy, the
allocation of primary factort of pr.oduction (capital, agricultural land and
different t5rpes of labour), the commodity composition and destination of imports,
and the breakdown of other costs of production such as margins and taxes.

A number of aspects of the data base may influence the interpretation of ORANI
simulation results. First, although the lags have been diminishing, the ABS
releases input-output information which references some previous year. For
example the 1987 release of input-output data referc to 1979-80 and 1980-81.
This raises the question of whether the ORANI data base is 'outrcf-date'.

A second aspect concerns the interpretation of the data base as representing an
initial equilibrium. In the last section, the comparative static methodology was
described as involving compa.risons between equilibria. Although the ORANI data
base is 'balanced' to match demands for and supplies of commodities in the
reference year, aome industries may not be in equilibrium in the sense of, for
example, fully adjusting their production patterns to then existing demand
pattenrs or having their desired levels of capital stock installed. This aspect is
similar to the first in that it is suggesting that the desirable 'equilibrium'data
base to serve as the initial point of depa.rture would be somewhat different to the
ORANI data base derived from historical input-output statistics.

Do these deficiencies matter? The answer is not entirely categorical.

The model's input-output data base is relied upon to supply appropriate values for
key shares: eg the strares of different commodities and primary factors in an
industry's total costs, and the relative importance of different purchasers of the
output(s) of each industry. Experience and various studies have shown that the
values of many of these shares shift only gradually over time. Furthermore, even
what may appear to be sigrrificant errors in some share values will not necessarily

20 For a description of modifications made to the ABS Input-Output Thbles in
constructing the ORANI data base, see DPSV, op. cit., pp. 17G-175. For an
update with reference to the L977-78Input-Output Tbbles, see Ian Bruce,
'The ORANI ?8 Input-Output and Parameter Files for L977-78', IMPACT
Working hpr No. OP-51, IMPACT Research Centre, Melbourne, Febmary
1985.
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have a dramatic impact upon the broad repreaentstion of the structure of the

"aorro-y.21

Consequently, an input-output information base that is somewhat dated can still
be used to provide a reasonable picture of economy-wide inter-relationships. Thus'
ORANI estimatee of effects on broad aggregates would be sound, as would

estimates of the feedbacks from the rest of the economy to individual industries.
However, some qualification may be required if attention is focussed on particular
industries in which the detail of production pr)cesaes has changed significantly
over the intervening period, In these circumstances, the Commission usually
attempts to update the data referring to particular industries of interest.

4.2 Theoretical Structure

The input-output data base could be used (without extensive recourse to
behavioural assumptions about the way various economic actors are likely to
respond to change) to trace through the implications ot some disturbance, eg a
policy-induced increase in the output of an industry. For example, the input-
output relationships could be used in a mechanistic way to generate estimates of
consequential effects on other industries, demands for primary factors and so on.

This approach corresponds to traditional types of input-output analysis.22 Ttre
main weakness, from a theoretical point of view, is that such analyses are based
on the assumption that producer and purchaser responnes (at the margin) reflect
the historicslly-oboerved average pstterns, for example in the purchase and sale
of goods between indwtries and demands for factors of production.23 Aa 

"consequence, it is assumed implicitly that the outputs of industries comprise
inputs which are all combined in fixed proportions and that final buyers purchase
commodities in fixed prcportions. Such an approach makes no allowance for what
might happen in reality; namely, that producer-s might adjust their input mixes and
that final buyers might adjust the composition of their purchases in response to
pnessrures, such as an increase in the cost of a commodity, triggered by the
change.

The ORANI model substantially overcomes this kind of wealmess by incorporating
explicit mechanisms to capture certain of the likely adjustment processes of
producers and consumers faced with some change in the economic envincnment. It

For example, suppose there is a 20 per cent error in the estimate of an
industry's use of a commodity. If that commodity represents 20 per cent of
the industry's costs, the eror in the industry's totgl costs is about 4 per
cent. This might then pass on to a subsequent purchasing industry as a 1 per
cent error in its costs. Thus, the economy-wide implications rapidly become
rela tively insignif icant.
For a description of the techniques of input-output analysis see IAC, 'A
Perspective on Input Output Analysis and Multipliers', Working Papr,
December 1987.
Parmenter, op.cit., and IAC, op.cit. provide discussions of the limitations of
this type of input-output analysis.



does tlis by overlaying t}re dato base with a system of equations aimed at
describing the economic behaviour of relevant groups. The type of behaviour
reflected in these equations is derived from conventional micrpeconomic theory,
and in essence it portrays producers as seeking to minimise costs (within certain
constraints) and consumem as seeking (again, within limits) to maximise utility
(or, to minimise the cost of achieving a certain level of benefit from
consumption).

Details of the various behavioural assumptions embodied in ORANI ane now
discussed briefly.

12-l Diret demads for apd srmlies of @mmoditieg

- Intrrt demnrrlq

Producera are assumed to minimise the costa of producing a given level of output,
within certain constraints imposed by the assumed technology of production. A
brief digression should illustrate the meaning of this stat€ment.

The fixed proportions production technology discussed above (in relation to input-
output analysis) repr€sents an assumption at one extr€me. This implies a
complete lack of flexibility available to producers to adjust input mixes to
minimise costs. At the other extreme is complete flexibility which would imply
that producers would use only one type of input - that which is cheapest. This
extreme is obviously also unr€alistic in that most production processes require
some minimum levels of certain materials, Iabour and capital input.

Some position, intermediate between these extr€mes, is a mor€ accurate
reflection of what happens in reality. Prrducers have a degree of flexibility to
adjust input mixes in resporure to changes in the relative prices of inputs. For
example, an increase in the cost of labour relative to capital might induce
producers to utilise labour-saving capital equipment more intensively. The degree
of flexibility (ie the possibilities for substitution between inputs) is likely to vary
between industries, depending on technicsl production requirements.

The ORANI theory captur€s what are consider€d to be the most importsnt areas
of flexibility for producers by introducing input substitution possibilities at
different notional levels of the production process. The production technology
inherent in the ORANI theory is reprresented in schematic form in Figure 4.1. This
shows producers as being able:

to substitute different types of labour to minimise the costs of achieving
given requirements for labour services in general;

to substitute land (in the case of agricultural industries), total Labour
senrices, and capital to minimise the costs of achieving a g'iven

requirement for so-called primary factors of production;

18



- to substitute bet\peen domestic and import sources in satisfying their
r€quirements for commodities; but

- to combine commoditieo (r€presenting flexible combinations of import and

domestic sources), total primary factors (representing flexible
combinations of agricultural land, labour and capital) and other cost
factors (such as working capital) only in fixed proportions.

FIGURE 4.7 : SCIIEMATIC REPfuBENTATION OF ASUMED PRODUCfiON
TECHNOLOGYIN ORANI

TYPE OF
TECHNOLOGY

OUTPUT OF INDUSTRY

CommodityA CommodityB ... Primoryfoctors Othercosts

DomesticA I lDomesticB I lLoUou. Copitol Agricutturoilond
rmponeoA1lrmponeoEl 

-

Occuootion 1 Occupotion 2 Occupotion l0

Fixed
proportions

Flexible
combinotions

Flexible
combinotions

The ORANI theory therefore allows for degrees of flexibility in some but not all
areas of the production pnocess. It does not allow for substitution between
different materials (eg plastics for metals) or between materials and primary
factors. This stance reflects a stratery which acknowledges the more important
substitution possibilities, whilst recognising that data and computational
complexities militate against allowing for general flexibility.24

The assumption of fixed proportiom at the last level described above does not
mean that the input-output coefficients are necessarily forced to remain constant
in ORANI simulations. The effects of changes in the coefficients (reflecting

technological change) csn be analysed, but the origins of the changes are not
generatd or explained within the model, but are selected by the analyst and

imposed as input to the model.

24 Modifications of this stance can be introduced in specific instances. For a
case of substitution possibilities between fuels in input demands, see Truong
P. Truong, 'ORANI FUEL : Incorporating Interfuel Substitution into the
Standard ORANI System', IMPACT Working hper No. OP-58, September
1986.
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Another assumption implied in the production technology in ORANI is the
charact€ristic of constant retuma to scale, That is, increases (decreases) in
output bring about equi-proportionate increases (decreases) in totsl costs.

Constant retums to scale ar€ incorporated in the model for practical reasons (to

do with the possibilities for arriving at a model solution).25 ORAM cannot
therefore capture any potential for increasing retums to scale (lower unit costs at
higher rates of output) in some industries. The influence of scale effects can
nevertheless be assessed within the ORANI framework in the manner suggested

above (ie by imposing pr€-determined changes in the technical coefficients of the
model).26

The ORAM theory does not take explicit account of the possibility for variations
in capacity utilisation in industries. Implicitly, in keeping with the notion of
equilibrium, it is assumed that thene is no under-utilisation of capital. Additional
output can be achieved by industries employing more labour, but at additional unit
cost. A situation of under-utilisation of capital can be simulated with ORAM if
desired; although it may not have a substantial impa.ct on the results.2T

Finally, t,Le inclusion of some degree of flexibility in producers' behaviour requires
some measures of the extent to which producera alter their input mix in response

to changes in relative prices. The ORANI model uses messur€s, termed
elasticities of substitution, to r€flect these substitution possibilities between
different inputs. Values for these elasticities are providd frcm outside the model
and constitute pa.rt of the 'par€meter file'component of the model's data base.

Where possible, values have been estimated by independent econometric
estimation techniquea that arc as consist€nt as poasible with the ORANI ttreory.28

- Commodit5r nplies
The same commodity (good or sendce) can be produced by different, but (usually)

related industries. Similarly, one induetry can produce more than one commodity.

As an example, ABS input-output statistics29 show that the commodity 'Bags and

containers'is produced by (among othere) the industries 'Bags and containers',

The development prcgram for the ORANI model includes a prroject to take
account of increasing returrrs to scale. See Peter Cory and Mark Hor:ridge,
'A flarris-Style Miniature Version of ORANT, IMPACT Working kperNo.
OP-54, Melbourne, June 1985.
This was done, for example, in Appendix 12 to IAC, hssenger Motor Vehicles
and Components - Post 7984 Assistance Anangemenfs, Report No. 267,
AGPS, Canberra, June 1981.
See Peter B. Dixon, AIan A. Powell and Brisn R. Parmenter, Structural
Adaptation in an Ailing Macroeconomy Melbourne University Press, 1979,
section 3.5.
The mathematical form of the substitution relationships is not discussed
here. For an overview of the parameter estimation, see DPSV, op. cit., pp.
181-198. For an update, see Bruce, op. cit..
ABS, op. cit..

25

27

28
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'Paper products nec' and 'Printing, stationery, etc'. On the other hand, the
industry 'Paper products nec' comprises a number of firms which produce the
commodities 'Pulp, paper and paperboard', 'Bags and containers', 'Paper products
nec' and 'Printing, Btationery etc'.

In the ORANI theory, producers can select a mix of outputs (commodities

produced) to maximise their revenue. They are constrained, however, in their
ability to do this by technical production relationships, which govern the
flexibility of their production processes to switch from producing one commodity
to another. For example, the relative prices of 'Bags and containers' and
'Printing, stationery, etc' may change in a way which increases the incentives to
produce more bags and containers. However, the ability to switch from one

commodity to another is likely to be constnained, since production processes of
some firms will be rnore or Iess dedicated to printing and staionery activities.

Thus, just as producers are assumed to have a degree of flexibility in selecting
their input mixes, they are assumed to have a degree of flexibility in selecting
their output mixes. Whereas the flexibility of producers to alter their input mixes
was termed '(input) substitution possibilities', the flexibility of prnducers to alter
their output mixes is termed '(output) transformation possibilities'.

The principle, according to the ORANI theory, is that producerc are able to alter
the mix of commodities across a wide range in order to maximise their revenue.
In practice, ie in the computer implementation of the standard ORANI model,
transformation possibilities are only represented in the agricultural sector. In all
other industries, the mix of commodity outputs is produced in fixed proportions.
However, modifications can be made to allow transformation possibilities in
particular industries if desired.So

- Investmentr flg6qntq

There are two parts to the ORANI investment theory. The first pa.rt describes the
technology for creating units of capital in an industry in terms of its commodity
composition. The composition of capital varies fmm industry to industry, so that
ORANI is able to recognise, for example, that a dollar of investment in
agriculture induces a greater increase in demand for tractors than does
investment in other industries. Similarly, a dollar investment in transport is likely
to bring forth gteater demand for motor vehicles.

It is assumed that commodities are combined in fixed proportions to produce a
unit of capital in each industry. Investing producers do, however, have some

30 For example, transformation possibilities were allowed among textiles,
clothing and footwear (TCF) industries in the ORANI modelling work for the
IAC inquiry into TCF industries. See Appendix W to IAC, The Textite,
Clothing and Footwear Industries, Vol. 3 (Appendixes), Report No. 386, AGPS,
Canberra, May 1986.



flexibility in choosing between domeetic and import sources. It is assumed that
they minimise investment costs by subotituting in favour of the cheaper source of
commodities (subject to technical constraints); but they purchase the different
commodities that make up their investment bundle in fixed proportions.

The second part of the theory describes how many units of capital will be created
in each industry. This part is primarily concerned with the (relative) allocation of
investment across industries. In many short-nrn applications, aggFegate

investment is set according to macroeconomic factors outside the model, ORANI
determines how this given agglegate investment is allocated to individual
industries.

Stat€d most simply,31 tttL second part of the ORANI investment theory assumes

that aggregate private investment is aUocated across industries so as to equate
expected rateg of return,32 The expected rate of return in each industry takes
account of current r€tudrs on capital, varies inverrely with the level of
investment and makes some allowance for rigk.

The adjustment mechanism in the theory is the level of industry investment. If
the current rate of return in an industry is high relative to other industries, it will
account for a relatively larger ehare of total investment. Doing so, however, will
tend to reduce the expected rat€ of retura (below what it would otherwise be).

Thus, the level of investment rcgulatee expected rates of r€turn in industries, so

that these expected rates can be equated across industries.

For some industries (eg those dominated by public enterprises) ttre rate<f-return
theory is coneidered inappropriate, and investment in thege cases is usually set by
a direct link to aggregate real investment.

. Eousehold demada

The consumption theory in ORANI is expressed in terms of an average household.
It assumes that the aggregate conaumer budget (or consumption expenditure) will
be allocated so as to maximige the utility gained fmm the consumption of
commodities.

Consumers are assumed to alter the allocation of their expenditur.e on different
commodities, depending on the responsiveness of the demands for different
commodities to changes in:

For a more complete description, see DPSV, op. cit., pp. 1-L8-122.
It is assumed that capital takes one period (which does not need to be
specified in units of time) to instaU. The allocstion of investment, more
strictly speaking, is made so a8 to equate expected rates of returrr in the
following period.

31
32
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- the aggregat€ consumption budget (eg if the budget expands, consumers
are likely to devote a smaller pncportion of total expenditure to certain
goods (eg so-called necessities) t}an to others (eg luxuries); and

- relative prices of commodities.

The responsiveness of consumer demands to changes in total budgets is measured

by what is termed an 'expenditure elasticity'; and the responsiveness to changes in
relative prices is measured by a 'price elasticitf'. Values of these elasticities are
estimated outside the ORANI model (via a framework consistent with ORAM
theory).

There is a further aspect to the consumer decision-making process incorporated in

the model. It is assumed that, as po.rt of their assessment of prices and allocation
of expenditure, consumers attempt to minimise their expenditure on a commodity
by substituting between domestic and import sources. The degree to which such

substitution takes place is limited by consumers'perceptions of quality or other
attributes that differ between domestically-produced and imported commodities.

The consumption theory also allows for changes in tastes. These, however, must
be imposed on the model, rather than being determined within the ORANI
framework.

The behaviour currently embodied in the standard ORAM framework assumes that
consumers'preferences for one type of commodity are independent of their
preferences for another type of commodity. Ttris means, for example, that
consumers'purchases of motor vehicles do not depend directly on how many
household appliances they buy. Ondirectly, there is a link in that all consumption
goods compete for available funds within the consumption budget).

Whilst this assumption is reasonable for many commodities (particularly when
commodities are broadly defined), there may be some instances in which specific
substitution and complementarity relationships are important. The standard
ORANI stance would not allow for specific substitution relationships between, say,

beer and wine nor the complementarity between, say, television sets and video
cassette recorders.

These specific consumption relationships are more important when dealing with
disaggregated commodity groups. Modifications can be made to the ORAM model
in these 

"rr"..33

33 For example, specific substitution relationships between beer, wine and
spirits have been analysed by G.A. Meagher, B.R. Parmenter, R.J. Rimmer
and Kenneth W. Clements in 'special Purpose Versions of a General Purpose
Multisectoral Model: Thx Issues and the Australian Wine Industry',IMPACT
Working hper No. OP-41, Melbourne, September 1983.
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- Exportdemande

Demands by foreigners for Awtralian commodities (exports) are assumed to
respond to changes in prices denominated in foreiga currencies. The
responsiveness of export demands ig measurcd by what are termed 'export demand
elasticities'.

Values for the export demand elasticities ar.e supplied from outside the model. If
Australia supplies a very small proportion of the world market for a pa.rticular
commodity, variations in its export volumes are unlikely to have much influence
on the world price. This can be handled in the ORANI model by setting the values
for the export demand elasticities for such commodities to a large value, say 20.

This corresponds to what is commonly referred to as 'the small countr5/
assumption. However, Australia cannot be regarded as a small country in relation
to certain commodity exports (eg wool) and in such cases increases in the volume
of exports are assumed to place downward pressur€ on world prices.

. 'Otle/ demands

The remaining final demand category ie 'other', which essentially comprises
govemment demands for commodities. In keeping with the input-output
conventions, goverrrment bodies are viewed as buyilg only goods and services and
do not directly demand labour and other primary factors. They purchase the
outputs of the defence industry, the public administration industry and so on; and
it is these latter industries which employ primary factors of production.

There is no formal theory underlying the way in which 'other' demands are
handled in ORANI . Rather, changes in other demands are linked to changes in
household consumption expenditure. There is freedom to select whether the link
is equi-proportionate (which is the usual practice) or exhibits some other
relationship.

1.22 Indirect demapds. riccs. martet cleadpg apd other relatiopshir
. fbmerrlq for margins

The demands for commodities by producers, consumer€, foreigners and
govenilments create indirect demands for margins. ParmenterS4 likened margins
to frictions - both geographical and institutional - which must be overcome in
facilitating flows of commodities from producers to consumers. The services of
various trade (eg wholesale and insurance) and transport industries are often
required for the transfer of goods and services between producers and
purchasers. In ORAM, there are eight margins:

- wholesale trade'
- retail trade;

- road transport;

34 Parmenter, op. cit., pp. 70-71.
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- rail and otler tnnspor0;
- wat€r traD8port;

- air tnnqlort;
- marlae innrranoe; and

- rertaurante, hotels nnd clubs.

Tte demands for margina are asnrmed to arile in prcportion to the direct demand
(in quantity terns) for a commodity. lte prcportion can, howener, be varied if
deeired by imporing tbe desired relationship on tte model.

. prfcfog

ORAM uges rsneral sets of conmodity prices, depending on wbether reference is
being made to the amount paial by purebarera, tle amornt received by producers,

the price of capital, tte foreiga cun€Ds? price of erporto or t.be foreign cumency
price of imports. lte uodel contains a q,Btem of equatioru which eets out the
nelatJonSipe betweeo tbe different sets of prices.

In eo doing, an aaermption of competitine pricing behavior i8 iwoked. llis her
two aq)ects:

prices arc set to irst eorr€r @ata (of production, importing, erporting,
transporting, €tc), wherr coats include a comlroDent to allow for a rehrrn
o capital; nnd

prices may differ betwe€n uEeE oly in so far as differsrt amounts of
nargios and certain taxes aply to ttre prrcbaeea of different users.S

Xabtctcatng

the model cotains gets of equatios to engure tlat:

demand for domeaticallyarcduced commoditiee equals their nrpply;

demand for labour of each tJD€ ecFoso aU industrieo irg satisfied;

demand for capital in each industry ir equal to supply; and

demand for agricultural tsd in each industry equals its supply.

86 For erample, coDsumet! Dey pay more for a commodity tlrsn domestic
producen @ a@ouDt of an additioal rtail Da4|n.
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There are also equations in the model which define:

aggregat€ imports, exports and the balance of trade;

macroeconomic indexes such as consumer and capital-goods prices,
aggregat€ employment and agFegat€ cspital stock; and

- the degree of wage indexation.

.1.3 Solutim kocedures Ad Operati@sl Fledblitrr
This sub{ection explains two of the ma}rr steps taken to develop a workable
computing system to obtsin ORANI solutions. It goes on to show how the ORANI
model can be used flexibly for a range of policy investigations.

. Linearisati@

The mathematical form of many of the equations in the ORANI model - especially
those which expressr, for example, the technological relstionships of production
pDocesses - are highly non-linear. Ttrie creates considerable practical difficulties
in computing a set of values thst will simultaneously satisfy all the equations of
the model.

To circumvent this difficulty, the equations from the ORAIII theory are
manipulated to formulate relationships as linear combinations of proportional (or

percentage) changes in variables. The techniques which are currently available
for obtaining ORANI eolutions avoid or minimise ttre apprcximation errors of this
linearisation prccess.

. Clsrre
In the complete ORAM s)rstem there are many mone variables t,Lan there are
equstions. Under these circumgtances, it is mathematically impossible to
compute a solution; that is, to find a set of values for all variables that will
simultaneously satisfy all equations.

The practice, tlterefore, in computing ORANI solutions is to reduce the number of
variables for which the model is rcquired to compute solution values. This is
achieved by declaring a number of variables as being exogenous. That is, values
for a number of variables are eelected by the model user and are supplied as inputs
to the model. The values of exogenous variables are not determined by the
model. With sufficient variables declared exogenous, it is then possible to solve
the model to yield values for the remaining (endogenous) variables.

The process of declaring certain varisbles as exogenous determines the 'closure'
of the model. This ie not a mechanistic process since the appropriateness of a
closure depends on the circumstances of an application. Some variables are

26



relatively obvious candidates to be declared exogenous. For example, the foreigrr
currency prices of imports, technological change and change-in-taste terms are
normally fixed. Also, aggregate consumption, investment and government
expenditure are normally set exogenously in short-run applications, reflecting the
potentially greater impact in the short run of macnceconomic initiatives that are
outside the scope of the model.

The form of closure csn be an important influence on the results, as it determines
the constraints under which different groups in the economy are deemed to be

operating. For example, the influence of a policy change on industry outputs can
vary, depending on whether (say) a predetermined level of aggregate consumption
or a balance of trade constraint has to be satisfied.

- Operatioalfleribility
The ability to partition variables into a range of alternative exogenous and
endogenous sets gives the model a high degree of operational flexibility. For any
given closure, a range of policy or other changes can be simulated by changing a
number of exogenous variables singly (to determine the effects of one policy
change alone), severally (eg to assess aspects of co-ordination between policies),
or en masse (for a 'forecasting'type of application).

Whilst some vari.ables are usually always classed as exogenous, others can switch
freely between the exogenous and endogenous sets (again, with care, depending on

the circumstance of the application). This provides for a high degree of flexibility
in the range of policy questions that the ORANI model can address.

As one simple example, the model can be used to address the following type of
question, 'What would happen to imports of commodity X if the relevant tariff
\trere changed by Y per cent?' In this case, tariff rates would be exogenous €rnd

imports would be endogenous. On the other hand, the question might be, 'How
would the tariffs for industry X have to change for imports of X to be maintained
at a pre-€xisting level (given some other change in the economic environment)?'
In this case, imports would be exogenous, leaving the values for tariff rates to be
determined by the model.

Model users also have the freedom to use different settings for parameters such as
elasticities of substitution and demand elasticities. Most of the standard values of
parameters used in ORAM simulations are based on hdependent econometric
evidence, while others have been derived by more ad hoc methods. Parameter
values can be altered from standard settings:

- to test the sensitivity of results;

- if new evidence on parameter values comes to light; or

- if it is desired to impose alternative judgments about parameter values.
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Special-purpose versions of ORAM are often constnrcted for pa.rticular

Commission inquiries and may involve:

- the modification of the input-output data base to disaggregate the
stsndard, input-output industries into more narrowly-defined industries
which produce goods and sen ices under r.eference (and perhaps to group

other industries not under reference into a smaller number of sectors);

- the re-specification of the production,technolog"y for particular industries
of interest; and

- the introduction of sepa.rate regional activities within an industry under

reference, where there are important regional differences in cost
structures and patterns of sales to other industries and/or where regional
employment implications form a particular point of focus.

a-a Modificatims To lte Stadad ORAM Theory

The theoretical structure of ORANI can be modified in many ways to enhance

analysis of particular prcblems. Just two of the major modifications which are

coming irrto more common use in Commission applications are introduced here.

. Log-nnVersi@
This guide concentrates on the standard short-run version of ORANI. In this
version, industry-epecific capital stocks are held fixed; and usually aggr€gate

consumption, aggregBt€ investment (but not the industry allocation of total
investment) and total government expenditures are set exogenously, Results have

the interpretation thet ttrey show the adjustment by producers to some change

within the constraint of maintaining currently installed capital stocks.

But in t,Le longer term, producers would also adjust their capital stocks in response

to some change by revising their levels of investment. Long-term output reponses

to some change can be expected to be greater than those in the short term,
becawe producers are less constrained,

In a long-run version of ORANI, capital stocks are allowed to vary and the view is
taken that investment shifts to relatively profitable sectots until expected rates
of returrr are equated acr.oss industries. This is achieved by setting rates of return
exogenously and allowing the model to determine the levels of capital stocks that
are consistent with those rates. Values of aggrega.te consumption, investment and

goverrrment expenditures are usually determined by the model in a long-run
version, subject to some constraints, eg on the balance of trade.

In standard ORANI applications, there is no role for foreigners to finance some

investment in capital, repatriate some returrrs and draw away income that would

otherwise be available for domestic consumption. Given the potentiial importance
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of these issues in longer-term applications, a separate long-run version of ORAM
has been constructed.S6 B"i"fly, its main festures are:

a distinction ig made between income generated in Australia (GDP) and

income accruing to Australians (GNP);

aggregate consumption and investment are endogenous (determined by the
model) and are linked to income, and GNP is divided between consumption

and net savings;

net savinp determines the extent of Australian equity in capital stocks;
and

- the level of capital stocks are linked to the flows of investment in the
long-term adjust ment perid.

. ORANI-FECAL

The stsndard vergion of ORANI is not complete in its representation of
govemment revenues and expenditunes. This limits the model's ability to assess

the fiscal dimensions to a policy change (eg adjustment in tariff rates), and its
ability to analyse the effects of changes in some fiscal instruments (such as a

change in income tax rates). It also means that constraints on overall government
revenues and expenditures cannot be tsken into account in model experiments.

A fiscal extension to the ORANI model has been constructed to overcome these
limitations.ST A starting point to view the fiscal extension is the br.eskdown of
govemment revenue and expenditure displ,ayed in Thble 4.1. The central task of
ORANI-FI^SCAL ie to exptrain in detail how all the rrevenue and expenditure items
might vary with and feed back on industry activity.

The standsrd ORANI computations of payments to factors of production provide
an important starting point, since they define taxable incomes. Pa5noll or
property tax rates and direct tax rates are applied in turn to these income bases
to provide estimates of direct tax collections.

Since transfer (ie social welfare) pa.yments depend on population and workforce
characteristics, the fiscal extension first explains movements in labour force
status (employed, unemployed, not in the worldorce). The different types of
transfer payment (unemployment benefits, means-tested benefits and other
transfers not subject to means testing or workforce status) csn then be estimated.

See Mark Horridge, 'Iong-run Cloeur€ of ORAM: First Implementation',
IMPACT Working fupr No. OP-50, February 1985.
See Philippa Dee, 'The Theoretical Structure of Fiscsl ORANT, IAC Research
Me morandu m, April 1987.
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TABLE 4.7 : DECOMWfiON OF CAV-WNMWVI RWH\IW AND
EKPD,IDNURE IN ONAM-T:BCAL

Govemment revenue Govera ment expenditure

Direct taxes on

- labour income (progressive)

- non-labour income (proportional)

Payroll taxes

Property taxes

Commodity taxes

Other indirect taxes

'other' nevenue

Consu mption expenditure

Invest ment expenditure

Unemployment benefits

Means-tested transfersa

Other transfersb

'Ottrer' outlays

Total r.evenue Total expenditure

a. Available to those not in the worHorce,
b. Not mean6 tested, available imespective of worHorce status,

After-tsx incomes, plue government tmnsfer paymenta, equal personal disposable
incomes. Dieposable incomeg play an important role in ORANI-FXSCAL, in that
they influence both consumption levels and decisions to ent€r the wor*force. Thus

ORANI-FT^SCAL closes the income-coneumption link, which is left open in standard
ORAM.

Other items of revenue and expenditure ar.e calculated in relatively straight-
forrrard fashion. Finally, government revenues arre totalled, as are government
expenditures. ORANI-FISCAL can then be nrn 'passively' to compute ttre
implications of some economic change for government revenue, expenditure and

their compoeition, On the other hand, it can be nrn 'actively' to impose a
constraint on goverrrment r€venue and/or expenditure or to analyse in detoil the
effects of a change in some fiscal instnrments such as tsx rates.
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5. IIfTERPREIINGORAMREST'LTS

The basic methodology in using ORAM corresponds to addressing the type of
question, 'Given a particular economic environment (closure of the model), what
would be the effect of a policy change alone on a set of variables, which might
include aggregate e mployment, inflation, industry-specific output and

employment?' As outlined previously, the model used in this way would abstract
from the multitude of factors, other than the policy change under consideration,
that would affect the development of industries and the economy as a whole.

Because there are various possible economic environments, as well as a multitude
of possible policy or other changes which could be simulated, there are too many

types of ORANI results to discuse in this paper. However, the general flavour of
ORANI results can be i[ustrated through one example of a simulation experiment
in which assiatance to an industry is reduced. This ghould identify the major
ORANI mechanisms which are common in many of the Commission's applications.
These include:

input-output linkages between industries;
competition between industries for available resources;
other constraints on the economy as a whole (eg on aggregate expenditure
or the balance of trade);
wage indexation which links labour costs to movements in consumer prices;
and

real exchange rate movements which alter the prospects of traded goods in
comparison with non-traded goods.

The explanation of results will proceed in a number of steps. Whilst this may
mirror the actual sequencing of eventa in some csses, it should be remembered
that the outcomes of all the different mechanisms in ORAM are determined
simultaneously.

5-1 The Assrmed Ecoomic Envirmment

ORANI results must tre assessd in the context of the economic environment
assumed for the simulations (ie the closure of the model). The most frequently
used environment is the standad short-run closure. The main elements usually
assumed for such simulations are as follows.

Capital stocks (and agricultural land) available to each industry are fixed.
This defines the ghort-run nature of the specification.
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. Real aggegate domestic expenditure for consumption and investment
purlrcses and by goverrrment are held fixed.38 It ia implicitly assumed that
(macroeconomic) factors, outside the province of ORANI, determine these
aggnegates in the short nrn.

. The balance of trade (exports minus imports) is free to adjust. Since
domestic expenditure is fixed, t,l'e belance of trade carries the burden of
adjusting total expenditure (including exports) to match total income.

. Production technology and consumers'preferences are fixed. (Some

exogenous chsnge could equally have been specified.)

. There are no conatraints on supplies of labour in each occupation at
prevailing rvage rat€e. Employment levels ar€ then demand determined.

, Nominal wages are fully indexed to the ORANI consumer price index. This
implies constant real labour costs - often deacribed as real wages. (Some

discounting of resl wages can equally be specified.)

. The (nominal) exchange rzte is fixed. This means that all other prices are
measured relative to the price of foreign exchange, and domestic prices
relative to foreign prices are reflected in the results as changes in
domestic price indexes, rather than as changes in the exchange rate.
Changes in the domestic price level therefore can be interpreted as

movementa in the real exchange rate (the nominal exchange rate adjusted
for differ.ences between domestic and overseas inflation rat€s).

5-2 Ef,fects On hoduct llartets
In ORANI, the demands for commodities, whether they be final demands by
households or for investment, or demands by producers for use in current
production, are sourced from both domestic production and imports. The initial
impact of a reduction in tariff assi-stance to an industry will be to induce users and
consumers to substitute gfeater purchases of the imported good for the
domestically produced good.

The extent of this substitution effect will depend on the extent to which relative
prices are altered by the policy change, and the perceptiorur of purchasers of the
differences between goods from local and overseas sources. Existing market
shares of imports and domestic production are also important. If the import share
is small, then a large percentage increase in import demand may have relatively
little impact on domestic production.

38 This is not the only possibility. Aggregat€ consumption and investment could
be made endogenous, as in the long-run version of ORAM reported in section
4.4-
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These effects are illuetrat€d in Figure 6.1 where the change in t'he relative prices

between imported and domesticellylroduced goods, induced by the tariff change,

ig reflected aE a change in the relativ+price line fi'om AAI to BBl. The users and

conaumers who wieh to maintain their effective demand for good X ehift their
bundle of purchases along the effective demand cune EEl, from the point C to the
point D. As a result. salee of domestically-produced commodity X fall from
,{, * d , wnereas gales of imports increase;-. 4t to 4 .

From Figure 5.1, it can be eeen that even great€E substitution of imported for
domestically-produced X would occur if:

. there wene a large ctrange in import prices (reflected in a shift in the
relative-price line to a position flatter than BBr); and/or if

. purchasera were moDe responsive to relative price changes (reflected in less

curyature in the effective demand cune EEI).

FTGUNE 6.'..R^ESrcIVE NO CI]ANGING PRICE REL,ATIUWE|

Oorresponding to ttris eituation, the etory can be told in terms of the supply and
demand conditione for domestically-produced commodity X. As shown in Figure
5.2, ttre reduction in import pricee shifts the demand cuwe for domestically-
produced X from DO to Dl. With unchanged supply conditione (rcpresented by the
supply cunre S), sales of domeetically-prcduced X fall from $, to $, , and
the price fallg frcm 16 to P$ .
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ITGARE 6.2 : SWPLY Ati{D DEItf,AND BlEiPOIiIffft nOR NAEIfiCaILY-
PRODUCED @YYOIXTT X

The industries which rue commodity X now have lower costs of pruduction, tince
both domeetically-produced and importcd X are cheaper. Usirtg industries rhrt
will benefit the most are thoge wNch use X mogt intcosively in their production
prccesseB. The effect on a reprrerentative ueing induetry is iUustrat€d in
Figure 6.8. Becanse of the cheaper availability of X, the *rpply echedule for
domestically-prcdueed commodity Y rhifts dowu fiom S-to S-, and eales and
output iocreage from {, ,o 4 .

EIGURE 6.8 : EFFDCION IND(I9.IAY Y VEICE (ISDS @IIOIXTT X AS AI{
INPW
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These direct effects on industry X and its main users are likely to be the most

importsnt. Depending on how widely commodity X is used, however, the effects
on different commodities could be quite pervasive.

First, consumers may alter the mix of their bundle of purchases to favour cheaper

items. In terms of Figure 5.1, this would correspond to a shift outward in the
curve EEr. That is, demand for both domestically-produced and imported goods

could increase.

Second, industries which use good X as an input *,ltf n^.r" lower production costs.
Purchasers of commodities prrcduced by these using industries may be induced to
buy more domestically-produced items that are now cheaper than imported
alternatives. Competitiveness on export markets may also be improved.

Third, a reduction in prices will lead to a reduction in Labour costs through the link
between the consumer price index and wage indexation. A reduction in labour
costs will be of general benefit to producing industries, and more so to those that
are relatively labour-intensive.

The effects of a reduction in costs depends on the responsiveness of supply and

demand cuwes. Referring to Figure 5.3, it can be seen that increases in
production will not be great in some industries, following a reduction in one cost
item, if producers cannot increase output without a sigrrificant increase in total
production costs; ie, if the slope of the supply curve is steep (supply is inelastic).
On the other hand, if the supply curwe is flat ftighly elastic), the reduction in
costs will translate predominently into output increases. For given supply
conditions, output responses will predominate if demand is elastic; but if cremand

is inelastic, price decreases will be the main result.

There are further mechanisms that will influence the outcome. More of the total
investment will be allocsted to those industries which are prospering relative to
others. This will, in turn, favour those industries which produce goods used
iatensively in capital formation in the prospering industries.

Also, the pattern and total usage of margins - such as transport, wholesale and
retail trade - is likely to alter. Again, the outcome will depend on the mix of
industries that grow and decline as a result of the policy change and their
intensity of use of the different margins.

One potentially important factor, which is not accounted for, should be
mentioned. It was stated above that lower prices to consumers may induce them
to alter the mixture of their bundle of purchases in favour of goods that have
become relatively cheaper. However, in standard short-run simulations, there is
no mechanism to capture the possibility that consumers might raise their
aggregate level of expenditure in response to generally lower prices. (Aggregate

consumption expenditure has been fixed exogenously in this notional application).

35



In summary, a change of aesistance to one industry sets in train a detailed set of
mechanisms in the ORANI frameworh. The industry producing commodity X is
affected not only by an initial reduction in sales, due to greater competition from
imports that are made cheaper, but also by other corxtumer and user rresponses, the

effect on lgbour costs through wage indexation and so on. Other industries would

prosper from the change through cheaper inputs of X (and other goods), lower
labour costs and/or gleater investment demands. Some industrieE may be made

worse off if they relied heavily on ssles to industry X, or if adjustments to
consumption or investment demands did not favour them.

The final outcome on industry outputs, individually and in aggregate, depends on a

myriad of factors. These change according to the nsture of the industries most

affected, but some of the important factot€ mentioned here, have been:

. the degree to which purchasers eubstitute between alternstive gources of
supply (ie between imports and local production) in r.esponse to changes in
relative p"ices;3g

. the importence of different gooda and sen icee in total purchases by
conaumers, in investment and by g:overnment;

. the strength of fonrard and backward linkages between industries;

. the deglee of wage indexation and labour intensity of production in
differ€nt industriea;

, ttre ability of industries to pass on cost increases/decFeasen or to alter
production levele in response to changes in costs.

53 Effects On Emplovp€ot

There will be three general influences on the employment of labour:

industries which contract will employ less labour due to reduced output
levels;

expanding industries will employ mor.e labour to service increased levels of
output; and

39 Pagan and Shannon have reviewed criticisms of the ORANI model, and in
pa.rticular the sensitivity of results to certain parameter values. In the
context of tariff experiments, they find sensitivity to export supply
elasticities (and not so much to export demand and import substitution
paramet€rr, as is frcquently charged). See A.R, Papn and J.H. Shannon,
'How Reliable are ORANI Conclusions?', fuonomic Recotd, v.63 (180), March
1987, pp. 33-45.
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. indugtries may generally arbgtifrrte labour for capitat (depeoding on wbat
bappoe to factor pcicee), ailoe labortu'hcr become relat'fircly cheaper

throrg! the Cl[-rvageinderatlo llnk.

Unlegs rome factor ts lntroduced into ttre gimuletios to allow for a change ln
wagp relativitiee betreen oecuPattoDs' there will be no rwttnblng of labour

denanda betwea ocorpa.tlos. Neverltele$, total employm€nt of different
occrrpatloa irr lttely to dttr due to tbe relatlve exlnnsions and conhactions in
indgstrles whle.h arc mor.e iot€Dsive in their employment of diffenelrt occupational

t!?es.
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