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AGRICULTURAL SUPPLY RESPONSE IN ORANI

by

Philip D. Adams*

1. Introduction

A large proportion of Australian agricultural production is sold on
overseas markets. In 1982-83, for example, exports of rural origin were
estimated tc constitute 63.8 per cent of the gross value of rural
production (see BAE (1984)). This heavy exposure of Augtralian agriculture
to world trade means that changes in the sector's prosperity are closely
linked to changes in its domestic production costs relative to the world
price (expressed in Australian dollars) received for its products. Hence,
to analyse the effects of government policies on the BAustralian
agricultural sector a model capable of endogenising this cost-price ratio
within an internally consistent economy~wide framework is required. Such a
framework is provided by the ORANI model of the Australian economy ~
Dixon, Parmenter, Sutton and Vincent (1982) (hereafter DPSV).

ORANI is a fully computable general eguilibrium model of the
Australian economy recognising 114 commodities and 112 industries.
Features of the model include:

(i) a firm basis in microeconomic theory:

(ii) an allowance for multi-product industries and multi-industry

products (of special importance in agriculture); and

{iii) a linear final form achieved using the approach to approximating

non-linear systems pioneered by Johansen (1960).(a)

* The author wishes to thank Alan Powell for his assistance with the

preparation of this paper, and Dave Vincent €for several helpful
comments.

(a) The Johansen method introduces approximation errors which are
negligible for small changes in the exogenous variables. However, for
large changes these errors become uncontrollable. In the latter situation
an Euler-style large change procedure is employed to derive highly
accurate ORANI solutions with minimal additional computing expenses.
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The initial finding of this paper is that the '‘micro’ elasticities are
extremely sensitive to the data base of the model., In particular, the
elasticities are significantly greater if the data reflect an agricultural
sector in a low income vear. Accordingly, an artificial agricultural data
bage was constructed. These data, which reflect the agricultural sector in
a typical year ({see Adams (1984) for full particulars of their
mmnmcmnwcsvw are unaffected by transient disturbances such as drought
related shortfalls in production. ‘'Micro' elasticities derived from these

data are our ‘preferred estimates’.

The remainder of this paper is organised as follows. In section 2, a
brief description of the ORANI agricultural production system is offered.
Formulae to allow computation of the components of the price elasticity of
supply of the principal agricultural products are presented in section 3.
These ‘microf elasticities are defined in terms of the transformation and
expansion components of the supply response of a single agricultural
commodity to a change in its own price or in that of another agricultural
commedity. In section 4, values of ‘'micro' elasticities implied by the
1968-69 and 1377-78 ORANI data bases are computed. Reasons for divergences
between ‘micro’ elasticities of supply based on these two sets of data are
discussed. It is concluded that policy simulations should not be made from
historical data from a single (possibly atypical) year; rather they should
be based on synthetic data for a 'typical' year such as those constructed
by Adams (1984). 7The preferred values of the ‘'micro’ elasticities of
supply, which are based on these synthetic data, are alsc presented in
section 4. In section 5, comparisons are made between the preferred ORANI
‘micro’ elasticities and recent estimates derived by other researchers.

Concluding remarks are offered in section 6.

2. The ORANI Agricultural Production System

The specification of ORANI makes allowance for the multi-product
nature of Australian agriculture. The three largest agricultural
industries identified in the model, namely, the Pastoral Zone, the
Wheat-Sheep Zone and the High Rainfall Zone, are modelled as multi-product
industries producing in total nine separate commodities. These three zonal

industries are geographically defined, aggregating establishments faced
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Table 5.2: COMPARISON OF THE PRINCIPAL FEATURES OF SUPPLY STUDIES

This study{a) F&M HLV W&D EMABA
Level of aggregation

Agents (unit) 3 industries 3 regions 1 521 localities 1
(zone) (representative (all agriculture) (representative farm) (all agriculture)

farm)

Commodities (unit) 3, 6or 4 4 3 3 11
{composite (single commodity) (composite commodity) (single commodity) (single commodity)
comrodity)

Specification of CES~CRETH linear supply translog variable aggregate of 521 linear supply
production system at zonal level functions for profit function linear prograns Funoctions
3 regions
'typical' Input~ F&M's survey BAE survey data APHMAR survey data ABS and BAE

Data

Output data for
1977-78 plus BAE
survey data

of 62, 61 and 32
properties,
respectively, in
8. Tablelands,
S.W. Slopes and
¥. Division of
N.S.H.

survey data

Econometric Approach FIML OoLs Restricted GLS OLS on synthetic oLs
data from 521 LPs
Adjustment period about 2 years about 3 years about 1 year na § vears

allowed

(a) For greater comparability with the other studies, this table covers only the Pastoral Zone, Wheat-Sheep Zone and High
Rainfall Zone industries of ORANI.

na, not available.

2

SING;E SING%E ’ SINGLE SINGLE SINGLE SINGLE SINGLE SINGLE
Y113 YS](J)> <Y]2(J) Y5,(3) Yip-1 ) Yop.1(d) LATL A ) A Yep(d)
FIXED FIXED FIXED FIXED
COEFFICIENTS COEFFICIENTS COEFFICIENTS COEFFICIENTS

COMPOSITE 1
v, (3)

COMPOSITE R
Va(d)

COMPOSITE 2
¥, (3)

INDUSTRY j's
ACTIVITY LEVEL

(Zj)

Figure 2.1 : Output Technology for Agricultural Induscries in ORANI
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“he elasticities in MLV are based on a more tightly constrained
theoretical specification than those of F&M., MLY's approach appealed to
duality and employed a variable profit function which had a transcendental
logarithmic form (see WVarian (1984), p. 52 for an elucidation of the
duality property of a firm's profit function (Hotelling's lemma)). Thus
MLV claimed their production system was not limited by the ORANI CES/CRETH
restriction that no input had 2 comparative advantage in the production of
any particular output. All commodities were defined on a composite rather
than single basis and time was used as a proxy for technology. The systenm
was estimated by the restricted Aitken estimator developed in Byron
(1970}, using annual data from the BAE's Australian Sheep Industry Survey
for the 25 years spanning 1952~53 through 1976~77. The time profile of
each elasticity is ‘sufficiently long for producers to adjust the
composition of their outputs and variable inputs but is too short for them

to adjust their endowments of relatively fixed inputs’® (MLV, p. 330).

The approach taken by W&D to estimate their supply elasticities
differs markedly from that taken by ourselves and all other authors cited.
Use was made of a simplified version of the finely disaggregated APMAA
model (fully described in Walker and Dillon (1976)). This model consists
of a system of 521 linear programs, each embodying data for a farm firm
representing a given location. The simplified APMAA model was used to
generate hypothetical data on outputs for the three commodities Wool,
Wheat and Meat cattle for a total of 125 parametric variations in the
three product prices. These synthetic data were then used to estimate {by
ordinary least squares) a quadratic supply function which provided the

information necessary to calculate the elasticity estimates.

The EMABA model has been developed within the BAE to depict the
determination of demand, supply and prices in the cattle, sheep and crops
industries. A feature of the model is its separation of livestock output
response from changes in livestock inventories. In the view of authors
this is essential for modelling price determination and allows meaningful
interpretation of the model's output projections. Accordingly, EMABA's
supply system, compared to that of ORANI, is wOommww constrained., The
supply system consists of equations for eleven commodities (six crop and
five livestock). The 1livestock supply system consists of behavioural

equations explaining slaughterings, retentions, deaths and yields; and

7

change in the output of industry 3§, a transformation parameter reflecting
the ease of transformability of other composite commodities produced in
industry 3 into composite commodity r, and a parameter reflecting the
share of composite commodity g in total revenue of industry j. mmcv is
related to the transformation parameters EnG: and the shares .ﬁwmaz of
composite commodities in j's total cevenue, by:

5 =0 ()R] 2 (IR, (3 -
(2.0 REG) =2 IR (A [ZERH)] (4=L,...,8; all @.

3. Transformation and Expansion Components of Own and Cross Price

EBlasticities of Agricultural Commodity Supply in ORANI

The response of multi-product agricultural industries in ORANI to a
change in relative output commodity prices can be separated into two
components. The first results from the movement around the CRETH
transformation £rontier (denoted the transformation effect), and the
second from the movement of the frontier itself (denoted the expansion

effect). The nature and direction of both effects are illustrated in
Figure 3.1.

In Figure 3.1, the curve axuov represents a transformation frontier
for a hypothetical industry which produces two commodities identified as
¥, and Yo The position and shape of the curve are dependent
respectively, on the value for Z (the industry's generalised capacity to
produce, & concept introduced in equation (2.1)), and the particular
production technology employed by the industry. An increase in 2 is
depicted as an ountward movement in the transformation frontier, and a
decrease is represented as an inward movement. The shape of the frontier,
as depicted in Pigure 3.1, is formed from a homothetic production function
(which imposes the restriction that the transformation frontier shifts out
in a product-neutral way). The straight line m;wov is the gross revenue

line for given prices of ¥, and Y

2 (respectively, denoted by P. and

1 1

muv and level of a gross revenue (denoted by R).

’
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ALTERNATIVE ESTIMATES OF SHORT-RUN OWN AND CROSS PRICE ELASTICITIES OF AGRICULTURAL COMMORITY

SUPPLY (a)

Table 5.1

Product whose price changes

Response in the output of

Heat cattle

Wheat

Wool

0.0837

0.0063

0.4591

Our preferred estimates
Figher and Munro (1983)

Kool

0,26
0.2
0.5

Southern Tablelands
South-West Slopes

Western Division
McKay, Lawrence and Viastuin(b) (1983)

Wicks and Dillon (1878)

EMABA

0.08
~0.18
~-0.12

0.15
-0.20
0.16

0.72
0.235
0.39

~0.0858

0.7407

0.0196

Qur preferred estimates
Fisher and Munro (1983)

Wheat

2.05
0.50
1.10
0.92

South~West Slopes
HcKay, Lawrence and Viastuin(c) (1983)

Wicks and Dillon (1978)

EMABA

20

-0.42
~0.21

0.43
~0.21

G.14

0.33

0.6018

~0.1158

G.1760

Our preferred estimates
Fisher and Munro (1583

Meat cattle

0.7
.4

~-0.83
-1.27

South~West Slopes

Western Division
McRay, Lawrence and Vliastuin(d) (1983)

Wicks and Dillon (1978}

EMABA

0.12
0.59
-0.34

~0.48
~0, 44

0.25
~0.38

0.14

{a) A blank indicates that the elasticity was either not estimated, or in the view of the authors, had no

statistical significance.
(b) The elasticity of sheep and wool with respect to the price of respectively sheep and wool, ‘crops®, and

'other’'.

cattle and
(¢} The elasticity of

‘crops' with respect to the price of, respectively, sheep and wool, ‘crops’, and cattle

‘other?t,
(d) The elasticity of cattle and 'other' with respect to the price of, respectively, sheep and wool, ‘crops',

and

and cattle and ‘other'.

g

The bundle of commodities (denoted bﬁmw~ mwvv which maximises the
representative firm's revemue for a given level of inputs and input
prices, is given as the point of tangency between eﬂsov and mﬁmdv.

i.e., when
ww
{3.1) zwaww =3
1
where zwawm denotes the marginal rate of transformation between
commedities 1 and 2.
The industry's response to an increase in the price of (say) mw

relative to the price of gw is encapsulated in Figure 3.1. As depicted,
the change in relative prices causes the gross revenue line to rotate from
mﬂwcv

input application) is reflected as an expansion of the preduction frontier

to mampv. The consequent change in industry profitability ({and

from aﬁmov to aﬂswv. In Figure 3.1 the new desired output combination

of ¥ and Y is

1 2
result of the increase in mw that the production of both commodities has

effect

represented by point B AUH~ vmu ghowing, as a

increased. The transformation associated with the change in
relative prices is illustrated in Figure 3.1 by the move from A to the
point ¢ Anw. nmv. This movement reflects the change in production of
mw and of wm induced by the change in relative prices if the industry,
by accepting a reduction in revenue, is forced to remain on HANOV. In
contrast the expansion effect, which is depicted as a move from C to B
AUH. Umv. is the effect of the increase in 2 alone, while holding the

ratic of prices at the new value.

To measure the size of the transformation effect we introduce the
concept of the transformation components of aggregate own and cross price
elasticities of supply. (This concept is identical to that used in an
unpublished Research Memorandum by Thompson (1982). However, her analysis
vwas restricted to own price elasticities.) In Adams (1983), formulae for
short-run own and cross price elasticities of agricultural commodity

supply were derived in detail. The transformation component of the price
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} is a share-weighted sum of the corresponding elasticity

it
components in each of the industries producing that product, i.e.:

{denoted nT

t

veord0),

{i,e=1,

*
R (j))}

t

N t
500 0 "B 64y -

8
= ) s
3=

T
n;
it

(3.2)
where

ig the base period share contributed by industry j to the total
production of commodity i;

85 (1)

to which the single

i

industry

produced by

is the CRETH transformation parameter pertaining to the composite
Iy

commedity i uniguely belongs within j;

commodity

ie(d)

the base period share of single commodity t produced by

is

tyld)

and is gero

i and t are both contained

industry 3j, within the total value of the composite commodity r

to which t uniguely belongs within j;
within the same composite commodity in industry i,

is wunity when single commodities
otherwise; and

Sitj
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composite

for the

share

the CRETH modified base period
commodity r produced by industry j which uniquely contains the

single commodity t within j.

is

tR% (§)

BE
{daenoted “it) iz expressed as

The expansion component of the price elasticity of supply of commodity
price of commodity t

i with respect to the
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degree of agricultural sector profitability reflected in the Input-Output
data. Consequently, if the price of an agrieunltural commodity increases in
a year of low agricultural sector profitability, the ORANI model contends
that the .aggregate response of agricultural industries will be greater

than if the price increase occurred in a relatively profitable year.

To summarise our findings so far: estimates of shori-run supply
elasticities of agricultural commodities implied by the ORANI model are
sensitive to changes in the model's Input-Output data base. The degree of
this sensitivity is largely a result of movements in the ratio
mcauV\mmAuv. which in turn 1is inversely related to the industry's

gross operating surplus.

To isolate our estimates of short-run supply elasticities from the
volatile nature of agricultural industry profitability, we have
constructed, for the agricultural sector, an artificial Input-Output data
file which succeeds in capturing a typical year. Each of its elements is
an average of values over the 13 year period 1967-68 to 1979-80 (for
comprehensive details see Adams (1984)). These data are therefore
unaffected by transient fluctuations such as major droughts that affect
agricultural sector profitability. Higgs {(1985) has incorporated these
data into the current 1977-78 Input-Qutput data file. Transformation and
expansion components of short-run own and crosa price elasticities of
agricultural commodity supply as implied by the typical year enhanced
1977-78 data base are presented in Table 4.5. These are our preferred
estimates.

5. Comparisons with Recent Alternative Studies

Within this section we compare our preferred estimates of short-run
elasticities of agricultural commodity supply with.those derived in Fisher
and Munro (1983), (hereafter FsM), McKay, Lawrence and Vlastuin (1983},
{hereafter MLV), Wicks and Dillon (1978) (hereafter WeD), and from the
Econometric Model of Australian Broadacre Agriculture (hereafter EMABA)
(see Dewbre, Shaw and Corra (1984)). Their estimates and our preferred
estimates are compared in Table 5.1 for the three most important

agricultural commodities; namely, Wool, Wheat and Meat cattle.

11
Sy (i) is the bese period variable Factor (labour) share in j's total
primary factor costs;
wmAuw is the (unmodified) base period share of gross revenue in

industry j represented by composite commodity r which uniquely
contains the single commodity t within hE

Spi(dH) is the base period of primary inputs in j's total costs; and

mnﬁwv is the base period share of the effective commodity t, in the
total cost of effective intermediate inputs to the current
production of industry § (effective commodities being CES
aggregates of local and imported goods of the same name) .

The components of elasticities obtained from equations (3.2) and (3.3)
refer to percentage changes in planned commodity outputs in response to
expected price changes. The output of agricultural industries is defined
as the sum of cash receipts from the sale of agricultural commodities plus

the market value of changes in inventories. Changes in the wvalue of
inventories are included in this definition because,

‘v.. the farmer has considerable flexibility over the stage at which

products are marketed. For example livestock can be withheld from the
market if seasonal conditions are favourable. Such strategies involve
changes in inventories which must be accounted for somewhere. Rather
than modify the structure of the livestock supply equations to reflect
inventory behaviour, we have defined the decision variable to
represent output whether actually sold or in the form of a change in

inventories.' (Vincent, Dixon and Powell (1980), p. 232.)

Planned outputs may differ from actual outputs due to climatic factors
such as drought. Furthermore, setting P to % represents, in the mind of

the producer, a pPermanent increase of x per cent in the expected price of

commodity t. Therefore, the total supply elasticity
E T
{denoted :wwnzwn = :Mn + :anv of good i, though constrained by the

short-run assumption of a constant stock of fixed capital, may be greater

than would be the case if x were considered to be only a transitory price
change.
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Table 4.1: TRANSFORMATION AND EXPANSION COMPONENTS OF SELECTED OWN AND CROSS PRICE ELASTICITIES OF SUPPLY IN ORANI AS IMPLIED

BY THE 1968-69 AND 1977-78 ORANI 78 DATA BASES(a)

gl

Response in the

Commodity t whose expected price changes

planned ocutput of
commodity i

1968~69 data base

197778 data base

Meat Milk cattle Keat #Milk cattla
Wool Sheep Wheat cattle and pigs Wool Sheep Wheat cattie and pigs
Wool T  0.1557 0.0004 ~0.1055 -0.0141 -0,0108 0,1603 ¢.0002 ~0.0848 -0.0197 ~0.0060
E  0.1695 0.0467 0.0830 0.0681 0.0150 0.7894 0.3145 0.3550 0.5112 0.0352
Sheep T  0.0015 0.1572 ~0.0987 -0,0137 ~0.0150 0.0005 0.1565  ~0.0717 ~0.0191 ~G.0074
) E 0.1583 0.0450 0.0706 0.0652 0.0152 0.7530 0.3145 0.3590 0.5064 6.0384
Wheat T =-0.1308 -0.0361 0.4838  ~0.1307 -0.0525 ~0.1229 ~0.0434 0.7476  ~0.2324 «~0,0441
E 0.0816 0.0269 0.1139 0.0408 0.0116 0.5426 0.2286 0.6238 0.3100 06,0415
Meat cattle T ~0.0200 -0.0058  ~0.1494 0.2697 -0, 0289 ~0.0150 -0.0077 -~0.1551 0.3192 -0,0126
E  0.0965 08.0273 0.0304 0.1355 0.06927 0.4943 0.2021 0.1842 0.8576 0.1851
Milk cattle and T =-0.0174 -0.0071  -0.0681 ~0.0329 0.0418 -{.0088 -0.0045 -0.0442 -0,0189 0.0107
pigs E 0.0243 0.0073 0.0077 0.0800 0.2253 0.0517 0.0236 0.0171 0.2794 1.2880

{a) Reading across each row, the first number in each column refers to the transformation component of the elasticity of the
commodity identified by that row with respect to the price of the commodity identified by that column. The second number

in the column is the corresponding expansion. component.
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