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ABSTRACI' 

A methodology is presented in this paper which allows a detailed set of 
elasticities to be calculated wltich characterise the price responsiveness of Australian 
agriculture. This methodology provides the scope for econometric models to 
overcome the criticism that they are generally too aggregated in nature to be of real 
use for policy orforecasting purposes. 

A Generalised .McFadden profit function is estimated with 7 net outputs 
(crops, livestock ouJput, labour, capita/, land, materials and seIVlces, and livestock 
inputs). Aggregator functions are then usedtodisoggregate the crops output into 6 
components (wheat, coarse grains, industrial crops, vegetables, ~it, and hay) and 
the livestock output into 7 components (cattle, sheep, pigs, woo~ milk, eggs, and 
poultry). Matertals (l11d services inputs are also fuither disaggregated into 4 
components (services, fertiliser and chemicf4 fuel and electricity, iznd seed and 
fodder). 

The primary data source is the ABS Agricultural Finance Survey .. Dora are 
poo. led across 6 States and Byears in the period 1972/13 to 1986/87. In order to get 
sufficient detail on outputs it was necessary to supplement the Survey data with ABS 
Cimsusdata. 

Thefindings of this studyconCW' with our earlier work which pointed towards 
the unresponsiveness of Australian agriculture to price changes. Selected output 
own-p. rice elas. dcities are: wheat 0.3, industria/crops 0.1, fruit 0.31 cattle 0.1, sheep 
0.2, wool 0.3, and milk 0.2 Labour and capital were hath found to have input 
demand elasticities close to -0.4. More price responsiveness waf found within the 
materials and services group with the demand for fertilisers and chemicals being 
particularly elastic at-l.3. 



1 INTRODUCTION 

With the continuing secular decline in the rural sector's terms of trade and 
changes in relative output and input prices it is important to have a good 
understanding of the rural sector's flexibility in adapting to changing 
circumstances. Information on the ease with which the output mix can be 
alteredt the intensity with which different outputs use the various inputs and the 
scope for substituting between inputs is crucial to assessing the effects of price 
andpoJicy changes. The aim of this paper is to present detailed information on 
these aspects of rural production response using a new, up-to-date data set and 
taking advantage of recent econometric developmen~. In particular, WI'" attempt 
to overcome criticisms of earlier econometric studies that they were unable to 
include a sufficient degree of disaggregation to be of practical use for policy or 
modelling purposes. 

Most early econometric studies of rural production response concentrated on 
either the supply of a particular output (Malecky 1975) or the relationship 
between various inputs (Vincent 1977; McKay, Lawrence and Vlastuin 1980). 
Much of the analysis of the effects of policy and price changes in Australian 
agriculture bas been undertaken using linear programming models such as 
APMAA (Wicks and Dillon 1989) or the relatively large ORANIgeneral 
equilibrium model (Dixon, Parmenter, Sutton and Vincent 1982). While the 
ORANI model allows for a large degree of disaggregation, its agricultural sector 
is based on the restrictive CRESH/CRETII specification (Vincent, Dixon and 
Powell 1980; Adams 1987). This specification allows for joint production but 
assumes that no input has a comparative advantage in the production of any 
output. 

The first econometric studies of Australian agriculn~re to allow for flexible 
production relationships between outputs and inputs were the profit function 
studies of McKay, Lawrence and Vlastuin (1982, 1983). In these studies the 
parameters of translog variable profit functions were derived from BAE 
Australian Sheep Industry Survey data to examine the production relations 
between 3 outputs, 2 variable inputs and 3 fixed inputs. More recently, the BAE 
has developed the EMABA econometric model which attempts to separate 
livestock output and inventory responses (Dewbre, Shaw and Corra 1985). Our 
earlier study (Lawrence and Zeitsch 1989) utilised a profit function medlodology 
but with a new functional form and a new data set compared to the studies of 
McKay, Lawrence and Vlastuin. In spite of the differing methodologies and data 
sets used in these studies, a general finding is that Australian agriculture is 
relatively inelastic in its price responsiveness. This contrasts with recent overseas 
work which has found a high degree of price responsiveness in agriculture 
(Hertel 1988). Selected own-price elasticities from previous Australian studies 
are presented in Table 1. 



TABLEt: SELECTEOESTIMATES OFOWNPJUca ELASIlcmES IN AUsrRALIAN AGRICt.:LTURE 

Whut/ Wool/ Canlel M,aleriall t 

Study CroP' Sheep Other Labour Services Land 

.~cKaYI lawttnce 
and Vlasluin (1980) 

Wicks & DiUon 
(1978) 

V'lIlccnt, Dixon and 

Powell (1980)' 

Adams (1.987) 

McKay,Lawrencc 
and Vlastuin (1983) 

Dewbre. Sbaw and 
Com (198S) 

1.10 

0.71 

0.74 

0.50 

0.92 

o.2S 0.69 

o.2S 0.48 

0.46 0.70 

0.72 0.12 

0.39 0.34 

Wan and Fuher (l987)b 0.47 0.19, 0.49'= 0.22 

Lawrence and 
Zcitsc:h (1989) 

0.14 

a Relates to the Wheat/Sheep Zone. 

0.40 

b Relates to trarWo: estimates for the WhutfShecp Zone. 
c Wool and Sheep, teSpCCtivcly. 

-0.67 -0.98 -0.19 

-0.47 ..0.10 

-0.68 -0.53 

Uvestock 
CapItal Input 

-1.22 -0.19 

-0.44 

This paper builds on the work of McKay, Lawrence and Vlastuin (1982, 1983) 
and Lawrence and Zeitsch (1989). In particular. a much more detailed set of 
elasticities is presented due to the use of a number of aggregator functions. A 
profit function model is estimated utilising pooled cross-section, time-series data 
derived principally from the Australian Bureau of Statistics' Agricultural Finance 
Survey covering 6 states and 8 years in the period 1972-73 to 19Z6·87. To enable 
aggregator functions to be estimated for output components the agricultural 
Finance Swvey data had to be supplen .. ented by data obtained from the ABS 
annual censuses of agricultural production. The data are discussed in detail in 
the Appendix. 

The recently developed Generalised McFadden (GM) functional form is used to 
estimate a variable profit function with 2 outputs (crops and livestock), 5 variable 
inputs (hired labour, capital, land, materials and services, and livestock) and one 
fixed input (operator and family labour). Use of the GM form has significant 
benefits in that curvature can be imposed on the estimated parameters without 
loss of flexibility. It also makes the use of aggregator functions more feasible to 
obtain a greater degree of detail. In this study aggregator functions are used to 
divide the crops, livestock, and materials and services netputs into a number of 
components. Six crop components are modelled as are seven livestock 
components and four materials and services components. 



2 PROFIT FUNCTION METHODOLOGY 

Duality theory and the variable profit function provide a convenient and flexible 
framework for examining the price responsiveness of Australian agriculture. 
With numerous small producers each having no control over the prices they 
receive or pay, agricUlture is well modelled by the variable profit function 
framework where producers vary their outputs and inputs each period to 
maximise profits subject to exogenous prices and fixed input quantities. Joint 
productiQ(~ is allowed, as is input substitution and the use of different inputs in 
varying intensities by the various outputs .. 

Denoting variable net output quantities by the vector x (entries pot hive for 
outputs, negative for variable inputs), net output prices by the vector l' > > 0, 
fixed input quantities by the vectorz,fixed input sbadowprices bytbe vectorw 
andtbe production technology set by T, the production technology can be 
represented by the following variable profit function. 

(1) ~ (p;z) - m~. (pTx : (z.x) belongs to T, p » 0) 
x 

The variable or restricted profit function (1) will be linearly homogeneous and 
convex in net output prices and monotonically increasing (decreasing) in the 
prices of variable outputs (inputs). It will be linearly homogeneous, concave and 
monotonically increasing in fixed input quantities. 

If the variable profit function is differentiable with respect to p then the net 
output supply functions can be derived by applying Hotellings (1932) Lemma: 

(2) x (p;z) - vp r (p;z)O' 

The properties of variable profit functions arc outlined thoroughly in Diewert 
(1974, 1982). 

In this study, the variable profit function framework is used to estimate 
production response among 7 netputs and one fixed input in Australian 
agriculture. The netputs consist of 2 outputs (crops and livestock) and 5 variable 
inputs (hired labour" capital, Jand, materials and services, and livestock inputs). 
Operator and family labour is treated as the sole quasi-weed input. Data 
covering 8 years in the period 1972 .. 73 to 1986-87 is pooled across the 6 States to 
produce a total of 48 obsctvations. To conserve degrees of freedom, constant 
returns to scale with respect to the fixed input have bF't;n imposed. This 
facilitates estimation of a unit profit fUI ction where prcLts ~re maximised per 
unit of the fIXed input. 



The functional form used for the variable profi~ function is the Generalised 

McFadden (GM) developed by Diewert and Wales (1 j87). The GM function is 

superior to earlier flexible forms such as the trans log in that curvature conditions 

can be imposed on the model without loss of flexibility. Empirical 

implementations of the OM. form in the international trade context can be found 

in Diewert and Morrison (1986) and Lawrence (1987). 

The 7 netput GM unit variable profit function is given by: 

6 

(3) ~ (p,z)/z - ~ Ei-l 
6 1 

Ej-l bij PiPj/P1 + Ei-l biPi 

1 1 
+ Ei-l bitPi t + btt (~i-l liPt) t 2 

where the bij parameters are estimated subject to the following symmetry 

restrictions; 

(4) bij - bjifor all itj-l •.. .,6; 

t is an index of technology and the "1i are exogenous constants set equal to the 

respective mean unit net output quantities to conserve degrees of freedom. 

By applying Hotelling's Lemma the following set of unit net output supply 

equations is obtained; 

6 

(5) xi,/z- hi + l:j-1 bij Pj!P1 + bitt + btt"1it2 ; 1-1, ••. t 6 j 

(6) 

The estimating system would normally consist of equations (5}and (6) with 

vectors of error terms attached and assumed to be independently distributed 

with a multivariate normal distribution with zero means and covariance matrix o. 
The variable profit function (:) is excluded from estimation as it adds no 

additional information. 

In this application time-series and cross-section data are pooled and this needs to 

be allowed for in tbe estimation process as State differences in. product mixes 

and production efficiency will make the sample nonhomogeneous. The theory of 

this situation is set out in detail in Fuss (1977). One option is to assume that tbe 

parameters of tbe unit net output supply equations are State specific. Degrees of 

freedom considerations would limitilieimplementation of this to the intercept 

terms. The alternative is to assume that State effects are stochastic and that 



error terms. consist of two components : a State-specific component and an 

overall remainder. There are two techniques for handling such a specification -

covariance and error components estimators. Covariance estimation is 

computadonaUyequivalent to the use of State-specific intercepts. While error 

components estimators have some theoretically more desirable properties than 

covariance estimators, SwamyandArora (1972) show that when the sample is 

small and the number of States is less than 10 the covariance estimator is to be 

preferred.. Consequently, in this study an analogous approach to Fuss (1977) is 

adopted. The estimating system then becomes: 

6 6 
(7) xi/~ -Ek-l dkiDk + Ej_l bij Pj/P7 

666 

(B)x7/z - Ek-l dk7Dk" i1:1-1 Ej-l bijPiPj/P.,2 

+b7tt +btt17t2 + u7 

subject to the symmetry restrictions (4). The Dk are State-specific dummy 

variables taking the value one for an observation in State k and zero otherwise. 

The error vectors. are now independentlymultivanate normall~ distributed with 

zero means and covariance matrix o. The system (7) - (8) can be ' ~timated using 

Zellner's (1962) iterative seemingly unrelated regressions estimator. This can be 

carried out using the SYSTEM command in SHAZAM (White 1978). 

The technology index, t, was represented by an .instrumental variable formed 

from the State-specific productivity indexes. This specification was chosen as use 

of a 5 imp Ie time trend fails to capture the impact of seasonal conditions which 

can significantly influence output, particularly across States, and usc of a 

seasonal conditions index fails to capture the importance of advances in 

productivity and technology over time. An instrumental variable is required to 

avoid simultaneity problems. It was formed by regressing tbep.roductivity 

indices on an index of pasture growth, transformations of a time trend and 

various dummy variables. 

A limitation ·of applied duality theory models in the past has been the failure of 

many models to satisfy the necessary curvature conditions. Jorgenson.and 

Fraumeni (1981) attempted to overcome this problem by imposing semi .. 

definiteness conditions on the matrix of second-order coefficients from translog 

functions. However, this procedure can introduce large biases in the estimated 

elasticities and hence destroys the constrained translog'sflexibility (Diewert and 

Wales 1987). In the GM case if the matrix of estimated quadratic terms B= 

{bijl is positive semi-definite then the variable profit function is globally convex 

in prices. lfBis not positive semi-definite then it can be reparameterised using 



the Wiley, Schmidt and Bramble (1973) technique of replacing B by the product 
of a lower triangular matrix and its transpose: 

(9) B - MTwhere A - [alj 1; i,j-l, .•.• 6: and aij - 0 for i<j. 

The OM function will then be globally convex in prices without having lost its 
tlexibility properties (Diewert 1985). The cost of this procedure is that 
computer--intensive nOll-linear regression techniques have to be used. 

A criticism sometimes made of applied duality models is that they cannot 
accommodate a sufficiently fine level of commodity disaggregation to be of use 
for policy purposes. In this study the aggregator function technique of Fuss 
(1977) is used to further dis aggregate the crops, livestock; and materials and 
servicesnetputs. Crops are divided into six components (wheat, coarse grains, 
industrial crops, vegetables, fruit, and hay), livestock 'into seven components 
(cattle, sheep, pigs, wool, milk, eggs, and poultry), and materials and services into 
t:our components (services. fertilisers and chemicals, fuel and electricity, and 
seed and fodde~).Whlle not new, theaggregator function technique is .now more 
tractable with the development of functional forms such as the OM wbichpermit 
imposition of curvature conditions at each stage of the estimation process. 

'The aggregator function procedure relies on the assumption of homogeneous 
weak separability wbichimplies that optimisation proceeds by a two .. stag~ 
process. First, the op.timal quantities of the relevant aggregates are chosen and 
then the composition of the aggregates is chosen. The composition of an 
aggregate is thus independent of both the level and. the composition of all other 
aggregates. 

The profit function can be written as: 

(10) w(p,z) - ~ (R,V) 

where R = (Rt, ... ,Rn, ... ), V = (VI, .... Vm, .•• ), Rn = Rn(Pn>, Vm,= Vm (zm) and 
Pn,zm belong to p.z,respectively. Rn<Pn> is a price index for the goods in group 
n and Vm(znJ is aquandty index for the fixed inputs in In. The transformation 
function is: 

(11) l'(x,:) - T*(Y,V) - 0 

where Y = (Y 1 •... , Y n, •.• ) and Y n(xn) is a quantity index assumed to be linearly 
bomogeneous. It follows that: 

.(12.) Dlax [PnXn : Yn(xn) - Ynl 
len 

- Yn max [Pnxn/Yn: Yn(xn/Yn) - 1] 
XnlYn 



where Rn(Pn) is an aggregator function (Woodland 1982). We then have; 

(13) 1f(p,z) - max. [En Pnxn ! T*{Yl(xn ) t'" .V} ... 0] 

- 7r* (R. V) 

In this study the following OM function is specified for each of the three 
aggregators: 

N 6 N-l N-l 
(14) R (p .• X)/X .. 1:1-1 Ek-l eikDkPi + J..tl:i_l:tj_1 

N N 
CijPiPj/PN + 1:1-1 C1tPit + c.tt(1:i-l cSiPi)t

2 

wrere DktPi and t are defined as before. X denotes the aggregate quantity of the 
relevant netput, 6i are exogenous constants set equal to the mean of the ratio of 
the relevant component quantity to the aggregate quantity of the netput and the 
cijbavetbe fonowing symmetry restriction: 

(15) Cij- Cji for all it j- 1, •.• f N .. 1. 

Profit maximisation implies that the .N component quantities per unit of the total 
netput quanntyare given by: 

6 N-l 
(16) xiIX - Ek-leikDt<. + Ej-lCijPj/PN + Citt + Ctt6it2 + Uti 

i-I, ... , N .. l 

6N .. l .N-l 2 
(17) xN/X - Ek-l eNk~ • .~ Ttl-l tj-l CijPiPj/PN + CNtt + CttGNt

2 

TIle quantity of the aggregate netput (X) is obtained as a Divisia index of the N 
componentqllantities. The vectors of error terms are again assumed to be 
independently, multivariate normally distributed with zero means and covariance 
matrix O. If .tbematrlx C = [Cij] is not positive semi-definite then price convexity 
can be imposed on the model oy using the same technique as in (9). 



\Vbile producers do not have control over the prices of the individual 
components, of the netput, their choice of the mix of components will influence 
the aggregate price of the netput they face. To allow for this. ar: instrumental 
variable .is needed for the aggregate prices of the relevantnetputs. Following 
Fuss (1977) the parameters of (16) and (17) are substituted in (14) to obtain an 
estimate of the aggregate netput price. The overall estimation process thus 
consists of two-steps. First, the netput component equations (16) and (17) are 
estimated .subjectto (15). These estimates are then fed into equation (14) to 
obtain the estimate of the aggregate netput price. In the second stage this 
estimate of the netput price is used as an. instrumental variable in the estimation 
of the system (7) and (8) subject to (4). Application of this conditional 
estimation procedure produces estimates which are full information maximum 
likelihood. 

For simplicity of presentation, only the conventional net output supply 
elasticities are discussed in this paper~ For the variable profit function the 
elasticities represent the change in the net supply of i with respect toa change in 
tbeprice of net output j subject to the quanUty of the fixed input available. They 
are given by: 

(18) Eij- d In xi/d 1n Pj* DPijPj/Xt; i,j - 1, •••• 7; 

where DPij is the second-order price derivative of the variable profit function 
and Xi istheestlmated unit net output quantity obtained from the system of 
equations (7) and (8). In the GMcase the second-order price derivatives are 
given by: 

(19) DPij -bij/P7 for it j - 1, •..• 6; 

6 2. 
(20) DPi7 - - l:j_l bijPj/P7 -DP7! for 1 - 1, .•. t 6; and 

6 6 3 
(21) DP77 - Il1-1 l:j_l bij PiPj/P7 

Two sets of elasticities are obtained for the components of crops, livestock, and 
materials and services. } 'rom the first .stage of estimation, elasticities can be 
derived using formulae· an wogous to (18) which give the response subject to the 
aggregate .quantityof the relevant netput being held fixed. lJY combining these 
elasticities with the resul·s of tbesecond stage of estimation a set of elasticities 
{or the N components subject to the quantity of the fixed factor being held 
cO.nstant can be derived as fonows: 

z X Z 
(22) Elj- 21j + SjEXX 



x z 
where Eij and Exxare the cross price elasticity between components i and j 

given a constant quantity of aggregate netput and the own·price elasticity of the 

aggregate netput for a given quantity of the fixed input respectively. Sj is the 

share of component j in the value of the netput. 

3 PRODUCTION RESPONSE RESULTS 

In this section results are initially presented for the second-stage of estimationt ie 

the profit function system. Following this the results for crops. livestock, and 

materials and services obtained from the first stage of estimation are discussed. 

Initial estimation of the system. of net output supply equations «7) and (8) 

subject to (4})produced estimates which failed to satisfy the convexity in prices 

property with two eigenvalues of the matrix B = [bijJ being negative. All of the 

estimated own-price elasticities from this system were, however, of the correct 

sign. Subsequent estimation of the systeIr-. was undertaken imposing positive 

semi-definiteness 011 the Bmatrix using,. iuation (9). The non .. linear regression 

algorithm of the SHAZAl\f package ~"Wbite 1978) was used with starting values 

set equal to the mean of the dependent variatlle for the State dummy coefficients 

and zero for all other coefficients.. The constrained system estimates are 

presented in Table.2. The elasticities obtained from the constrained estimates 

were only marginally different from those obtained from the unconstrained 

system. Most of the price terms are statistically significant as are all the 

technology coefficients. rer;ecting the superior performance of this variable 

relative to others tried such as simple time trends and seasonal indices. 

Net output supply elasticities for Australia calculated at the means of the 

exogenous variables are presented in Table 3. The elilSticities for Australia were 

obtained by weighting together the individual State elasticities according to 

sbaresin the mean netput quantity. 

The elasticities given in Table 3 adhere largely to those that would apply to a 

tfnormal technology". That is, if production is relatively unconstrained by the 

availability of fixed factors (as is the case bere with only family and owner .. 

operator labour quasi-fixed), expanding one output would lower the costs of 

producing other outputs. Thus the following would be observed (Hertel 1984 ); 

gross complementarity betweer. output~; 

gross complementarity between inputs; and 

no regressive relationships between inputs and outputs. 

9 
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TABLE 2: ESTIMATED UNIT NET OUTPUT SUPPLY EQUATIONSl 

Coefficient 

State dummy variables2 
Technology 

Second-order price terms (non .. linear) Terms 

egy~!ign i dil di2 di3 di4 diS di6 ail ail ai3 ai4 aiS 8i6 bjt btl 

Crops -15.371 -19.863 -7.400 -16.464 ·7.885 ·23.280 -1.152 -1.100 1.238 -0.500 0.071 0.939 31.436 -0.372 
(-294) (-3.82) (-1.43) (-3.09) (-1.48) (-4.48) (4.46) (-1.23) (5.21) (-255) (0.29) (1.61) (3.97) (-1.82) 

Livestock 4.m -1.479 -3.m -2.051 8.100 1.752 -2f112 0.082 0.387 -0.471 1.108 28.172 
(0.61) (-0.19) (-0.48) (-0.26) (1.01) (0.22) (-3.22) (0.1S) (0.91) (-157) (1.95) (2.27) 

Labour -1.806 0.213 -2.304 ~. l) .. 2.436 -1.084 -1.074 -0.331 -0.153 1.988 -4.234 
(-0.98) (0.12) (l.27) (4.139) (-1.29) (-0.58) (-3.37) (-0.72) (0.60) (4.69) (-1.59) 

Capital ·2.017 -1.199 -2045 -2059 -3.222 -1.495 0.123 -0.222 -0.304 -1.Y)l 
(-2.28) (-1.35) (-2.32) (-2.29) (-3.54) (-1.69) (135) (-0.61) (-O.61) (-1.04) 

Land -10.95 -5.6fi8 -8.107 -8.267 -16.832 ·6.058 0.000 -0.000 -7.588 
(-2.81) (-1.46) (-2.08) (-2.10) (-4.26) ( .. 1.56) (O'()() (..().OO) (-1.26) 

Materials -8.859 -2.464 -6.602 -5.372 -15.905 .. 2.966 0.000 -16.268 
& Service (-1.46) (-0.41) (-1.01) (0.87) (-257) (-0.49) (0.00) (-1.7H) 

Uvestock ·1.707 -0.046 -0.062 0.896 -1.480 0.2S0 Symmetric -4.753 
Input (-0.91) (-0.03) (-0.03) (0.46) (-0.74) (0.13) (-1.89) 

System log -373.18 
likelihood 

1 (-statistics in parentheses. 
2 States 1" .. ,6 are NSW, Victori~ Queensland, South Australia, Western Australia an" Tasmania, respectively. 



TABLE 3: NET OUTPUT SUPPLY ELASTICITIES FOR AUSTRALIA AT MEAN 
EXOGENOUS V ARIABLES 

With respect to price of: 

Livestock 
Crops Livestock Labour Capital Land M&S Input 

Crops 0.151 0.108 -0.124 0.049 -0.006 -0.094 .. 0.085 

Livestock 0.070 0.228 .. 0~064 -0.010 0.030 -0.140 -0.113 

Changein Labour 0.358 0.289 -0515 0.044 -0.032 0.16" -0.313 

Quantity of: 
-0.392 0.129 0.120 -0.530 Capital 0.136 0.479 0.059 

Land 0.009 -0.076 -0.018 0.028 -0.021 0.060 0.018 

M&S 0.084 0.194 0.052 0.054 0.033 -0.366 -0.051 

Livestock 0.293 0.601 ·0.370 0.025 0.039 -0.197 ';().390 

Input 



As can be seen from Table 3 outputs are gross complements and, apart from the 
crlJps/capital and livestock/land interactions (the latter of which is near zero), 
there are no regressive relationships between inputs and outputs. On the input 
side, however, gross substitution between inputs is more prevalent with 7 of the 
10 underlying gross substitution elasticities between inputs being positive. \Vith 
low output supply elasticities this result probably derives from small expansion 
effects being dominated by the underlying substitution effects. 

Returning to the specific elasticity estimates, the notable feature of Table 3 is the 
general lack of priceresponsiveoess in Australian agriculture. The outputs of 
crops and livestock have own-price supply elasticities of around 0.15 and 0.23, 
respectively. The cross-elasticities between these outputs .are almost as high 
reflecting the close relationship between cropping and livestock production. The 
hired labour and capital own-price demand elasticities show the most 
responsiveness at -0.52 and -0.53, respectively_ Land input, on the other hand, 
shows avery inelastic own-price response at only ~O.02.Theinputs of aggregate 
materials and services,and livestock both have own-price elasticities of around 
-0.4. 

These results are broadly in line with the findings of earlier studies although 
output responsiveness in this study is even more inelastic, particularly in regard 
tPcrops~ As is to be expected, the aggregate results are very similar to those 
found in our earlier study. With the exception of McKay, LawtenceandVlastuin 
(1983) who found the crop supply elasticity to be 0.5, .most of the studies cited in 
Table 1 have found the crops elasticity to be closer toone. Livestock supply 
elasticities, on the other hand, havetypica11y been lower ranging from 0.12 for 
McKay, Lawrence and Vlastuin's estimate for cattle and other outputs to their 
estimate of 0.72 for wool and sheep. On the input side the gross own-price 
elasticities of this study are similar in relative terms to the compensated cost 
function estimates of McKay, Lawrence and Vlastuin (1980) with the exception 
of capital and materials and services which are less elastic in our case. 
While these comparisons provide a .useful check it must be remembered that the 
elasticities estimated here cover all of Australian .agriculture and come from a 
different, more recent data source tbanmostof the other studies referred to. 
These elasticities are also calculated subject to a different set of conditions being 
held fixed, namely the quantity of operator and family labour. 

Turning to the cross elasticities in Table 3, crops output responds positively to an 
increase in the price of livestock OUtputs as noted and negatively to increases in 
the prices of 4 of the 5 inputs. Crops output .is most sensitive to increases in the 
price of labour. The positive (although near zero) elasticity between crops 
output and capital prices is the only apparently anomalous result in the Table. 
Livestock output decreases in response to increases in the price of 4 of the 5 



TABLE 4: ESTIMATED UNIT CROPS AGGREGATOR EQUATIONS! 

Coefficient 

State dummy variablcs2 
Technology 

Second-order price terms (non-linear) Terms 

L1QlIDliaD i dil dil di3 di4 diS dj6 ail ail ail ai4 aiS bit btl 

Wheat 0.252 0.153 .. (l097 0.156 0.504 -0.126 -0.341 -0.023 0.057 0.020 0.196 0.053 0.16& 
(3.95) (2.48) (.1.59) (2.53) (7.89) (.235) (-7.32) (..QS1) (1.92) (0.47) (4.41) (0.95) (3.16) 

Coarse 0.152 0.120 0.127 O.Z72 0.191 0.103 .0.000 0.000 -0.000 0.000 -0.046 
Grains (4.10) (3.45) (3.63) (7.65) (5.15) (3.22) (-0.00) (0.00) (0.00) (0.00) (-1.50) 

Industrial 0.180 0.070 0.722 0.071 0.066 0.058 0.000 -0.000 0.000 -0.076 
Crops (6.51) (2.71) (2733) (2.~5) (2.43) (2.44) (0.00) (-0.00) (0.00) ( .. 3.04) 

Vegetables 0.028 0.144 0.281 0.074 -0.008 0.431 0.000 -0.000 0.006 
(0.54) (2.88) (0.56) (1.41) (-0.14) (9.29) (0.00) (-0.00) (0.15) 

Fruit 0.431 0.480 0.325 0.496 0330 0.535 Symmetric -0.000 -0.245 
(8.51) (10.15) (6.96) (10.07) (6.40) (1215) (-0.00) (5.89) 

Hay 0.373 0.420 0.269 0.313 0.316 0.398 -0.210 
(7.20) (8.74) (5.52) (6.27) (6.09) (9.03) (-5.35) 

System Jog 609.13 
likelihood 

1 t -statistics in parentheses. 
2 States 1 ..... 6 are NSW, Victoria, Queensland, South Australia, Western Australia and Tasmania, respectively. 



TABLES: CROPS ELASTICITIES SUBJECT TO A FIXED AGGREGATE QUANTITY 
OF CROPS: AUSTRALIA AT MEAN EXOGENOUS VARIABLES 

With respect to price or~ 

Coarse 
Wheat Grains Industrial Vegetables Fruit Hay 

Wheat 0.298 0.018 -0.056 -0.019 -0.187 -0.055 
Coarse grains 0.063 0.004 -0.012 -0.004 -0.040 -0.011 

Change in Industrial -0.183 -0.012 0.029 0.012 0.127 0.02"1 
Quantity Vegetables -0.102 -0.006 0.019 0.006 0.065 0.019 
of: Fruit -0.475 -0.029 0.088 0.029 0.296 0.091 

Hay -0.215 -0.013 0.040 0.013 0.132 0.043 

TABLE 6: CROPS ELASTICITIES SUBJEcr TO THE FIXED INPUT OF OPERATOR 
AND FAMILY LABOUR: AUSTRALIA AT MEAN EXOGENOUS 
VARIABLES 

With respect to thevrice of: 

Coarse Industrial 
Wheat G,'aiDs Crops Vegetables Fruit Hay 

Wheat 0.344 0.032 -0.048 -0.010 -0.174 -0.046 

Coarse Grains 0.100 0.018 0.004 0.006 -0.027 -0.003 
Change in Industrial -0.170 -0.001 0.082 0,020 0.135 0.031 
Quantity Vegetables -0.071 0.006 0.034 0.021 0.082 0.030 
of: Fruit -0.441 -0.016 0.099 0.042 0.314 0.102 

Hay -0.171 -0.001 0.050 0,026 0.149 0.055 



TABLE7: ESTIMATED UNITUVESTOCKAGGREGATOREQUATIONSI 

Coefficient 

State dummy variabl~ 
Technology 

Second..order price terms (non-linear) Terms 

EoY1fum.j djl di2 di3 di4 diS di6 ail a12 ail ai4 aiS ai6 bit bu 

Cattle 0.356 0329 0.592 O:rn 0.171 0.370 n.142 0.116 0.005 -0.176 0.350 -0.083 -0.004 0.014 
(5.08) (4.95) (8.67) (3.88) (2.30) (5.76) (2.26) (1.75) (0.14) (-1.84) (0.55) (';2.80) (-0.08) (0.44) 

Sheep 0.037 0.067 .. ()'043 0.092 0.117 0.045 0.089 -0.049 -0.188 0.110 0.033 0.045 
(L79) (3.47) (-2.16) (4.44) (5.46) {2.38} (0.93) (-1.58) (-3.10) (2.43) (0.7i) (2.68) 

Pigs 0.061 0.050 0.068 0.072 0.052 0.055 -0.0000 -0.000 0.000 0.000 -0.010 
(6.52) (5.62) (7.50) (7.53) (5.22) (6.30) (-0.00) (-0.00) (0.00) (0.00) (-1.24) 

Wool 0.295 0.186 0.167 0364 0.502 0.238 -0.000 0.000 -0.000 -0.011 
(8.94) (5.96) (S.29) (10.81) (14.81) (7.62) (-0.00) (0.00) (..().OO) (-0.34) 

Milk 0.091 0.256 0.097 0.088 0.042 0.212 Symmetric 0.000 -0.000 0.001 
(6.38) (19.01) (6.96) (6.11) (2.87) (15.97) (0.00) (-0.00) (0.04) 

Eggs 0.079 0.062 0.069 0.055 0.049 0.066 -0.000 -0.024 
(10.02) (8S3) (9.17) (6.83) (6.18) (8.76) (-O.OO) (-4.07) 

Poultry 0.019 -0.021 ..().023 -0.012 -0.027 -0.026 0.045 
(1.62) (-1.91) (-203) (-0.99) ( .. 2.20) (-2.42) (4.87) 

System Log Likelihood 99439 

1 t-statistics in parentheses 
2 States 1, ... ,6 are NSW, Victoria, Queensland, South Australia, Westt;tn Australia and Tasmania, respectively. 



TABLES: LIVESTOCK ELASTICITIES SUBJECT TO A AXED AGGREGATE 

QUANTITY OF LIVESTOCK: AUSTRALIA AT MEAN EXOGENOUS 

VARIABLES 
With respect to price of 

Cattle Sheep Pigs Wool Milk Eggs Poultry 

Cattle 0.039 0.033 0.002 -0.068 0.013 .().028 0.009 

Sbeep 0.137 0.173 ..{).039 -0.427 0.l53 ..0.069 0.072 

Change in Pigs 0.010 .o.OS3 0.042 0.159 ,,{),097 ·0.035 .().027 

Quantity Wool -0.061 -0.088 0.025 0.023 .Q.088 0.025 ..{),036 

of: Milk 0.038 0.108 -0.050 -0.285 0.134 0.007 0.049 

Eggs -0.159 -0.093 ·0.035 0.160 0.014 0.l34 .Q.02O 

Poultry 0.038 0.060 ..{).OtS -0.150 0.060 .Q.OlS 0.025 

TABLE9: LIVESTOCK .ELASTICmES. SUBJECfTO THE FIXED INPUT OF 

OPERATOR ANDFAMIL Y lABOUR: AUSTRALIA AT MEAN 

EX:OGENOUS VARIABLES 
With respect to the prlccof: 

Cattle Sheep Pigs Wool Milk Eggs Poultry 

Cattle 0.112 0.049 0.014 -0.003 0.046 -0.019 0.021 

Sheep 0.191 0.195 ..{).02S .Q.345 0.185 -0.061 0.083 

Change.in Pigs 0.076 ..{).03S 0.054 0.231 ..Q.066 ,,{),026 ..().otS 

Quantity Wool -0.003 ,,0.068 0.036 0.306 -0.061 0.034 -0.(,.,,,5 

of: Milk 0.103 0.126 ·0.039 -0.223 0.176 0,016 0.060 

Egs -0.092 ..Q.076 .Q.023 -OZZ9 0.046 0.144 -0.008 

Poultry 0.102 0.077 -0.006 -0.075 0.088 .. 0.005 0.039 



inputs with this relationship being strongest for materials and services and 
livestock input priceincreases~Labour and capital inputs are shown to be slight 
substitutes as are labour and materials and services. Capital inputs are also 
substitutable with land, materials and services, and livestock inputs although the 
cross elasticities are again typically small in magnitude. Land .inputs are very 
unresponsive to changes in any of the netput prices reflecting land's relatively 
fixed supply to Australian agriculture~ Materials and services inputs are weakly 
.colllplementary with livestock inputs. As expected, livestock input quantities also 
respond to increases in the price of livestock output and, in a negative. way, to 
labour price increases. 

Moving to the first stage of the estimation process, it wasnecessaxyto cO(llbine 
the Agricultural Finance Survey data withABS Census data in order to 
disaggregate both the crops and livestock outputs into a number of components. 
Crops output has been divided into 6 components: wheat, coarse grains. 
industrial crops, vegetables, fruit, and hay. Livestock output has been divided 
into 7 C6::lpOnents:cattle, sheep. pigs, wool. millet eggs, and poultry. Use of the. 
Census data was necessary asilieAFS presents no detailed information on 
ou~puts for years other than 1986/87. Consequently, Census data was used 
entirely in the case of the crops and livestock aggregator systems. The aggregate 
l'ricesobtained from these systems were then divided into the values of crops 
and livest()(:k obtained from the AFS to get an aggregate quantity of the two 
outputs in theprofitfiInction estimation stage. For tbematerials and services 
aggregator system, sufficient detail is presented in the AFS data to enable this 
daltasource alone to be used. 

Problems will inevitably arise from mixing data sour~s in the manner descnbed 
for crops and livestock as the outputs are treated differently in the AFS to what 
they are in the Census data. In the Census data all outputs are measured in nett 
terms, ie. only sales from the agricultural sector to the non-agricultural sector are 
reported. All transactions between farms are netted out of the data. In the AFS, 
on the other hand, outputs are reported on a gross basis, ie. all sales from each 
farm are measured including sales to other farms~ As well as this fundamental 
difference in the way in which outputs are measured, there will also be sampling 
differences between the two data sources which will makecompatibillty difficult. 
However, in spite of these difficulties, no alternative exists to mixing the two data 
sources in this instance if we are to obtain a detailed set of output response 
elasticities. 

Tbeestimated system for the crops aggregator is presented in Table 4. The 
system estimated without curvature imposed suffered from gross curvature 
violations and consequently the system was re-estimated using equation (9) and 
non .. linearestimation. As can be seen from Table 4, however, the result of 
imposing the curvature restrictions has been to force most of the second .. order 
price terms to zero. This is a common result using this technique as the least 
cost way of satisfying the .restriction when there is gross curvature violation in the 



data is to set tbe offending second·order terms to zero. As yet there is no 
entirely satisfactory technique for imposing curvature on an errant data set. The 
Bayesian technique proposed by Chalfant and White (1987) would not be useful 
in this situation as it would merely indicate that there was zero probability of the 
restriction being satisfied and hence no estimates would be produced for the 
restricted system. 

The low and near .. zero values of the second-orderprice terms carry over to the 
estimated elasticities presente(;lin Tables 5 and 6~ The elasticities in Table 5 
show the response subject to the aggregate quantity of crops being held fIXed 
whereas the elasticities in Table 6 have been converted using equation (22) to 
the same basis as the elasticities in Table 3 (ie. subject to the ~vailable quant~ty 
of the fixed input, operator and family labour). Concentrating on Table 6, wheat 
is estimated to have an own-price elasticity of 0.34 while fruit is the next most 
responsive crop withanown .. elasticltyof 0.31. The other four crops all have 
estimated own-price elasticities of less than 0.1. 

Wheat and coarse grains are shown to besligbt complements while increases in 
tbepricesof the other four crops lead to very smallreduct..ions in wheat output 
Coarse grain output is shown to be very unresponsive to changes in the prices of 
any ()f the crop components. Industrial crops which consists principally of sugar, 
rice and oiIseedsis slightly complementary to the output ofvegetablest fruit and 
hay. Vegetables and fruit, vegetables and hay, and fruit and bay ,are also each 
slightly complementary. The largest cross elasticity is that depicting the .response 
of fruit Qutput to an increase in the price of wheal This elasticity has a value of 
-0 .. 44 indicating that fruit output is substantially reduced to facilitate increased 
wheatproduction. The other cross. elasticities are all less than 0.2 in absolute" 
value with the majority being close to zero .indicating that crop outputs ale 
almost independent of one another. While this is plausible for some components 
where there is limited scope for substitution, the results obtained appear to be 
implausibly small overall. 

The estimated livestock aggregator system is presented in Table 7. Agaillt the 
system estimated without curvature imposed exhibited gross violations of the 
curvature requirement. and subsequent estimation was undertaken imposing the 
restrictions in equation (9). Almost half the estimated second-orner price terms 
are again effectively zerowitb the remainder being small in magnitude. 

The livestock elasticities subject to a fixed aggregate quantity of livestock output 
and 'theavailabJequantity of the fixed input are presented in Tables 8 and 9, 
respectively. Again the striking .feature of these elasticities is their small 
magnitude. This follows directly from thesmaU magnitude of the estimated 
second-1)rder price terms. Wool is shown to be the most responsive of the 
livestock outputs with an own-price elasticltyof 0.31. Sheep output is the next 
Jllostresponsivewith an own-prlceelasticity of 0.20, followed by milk at 0.18, 
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eggs at 0.14 and cattle at 0.1 t Pigs and poultry are both very unresponsive with 
own-price elasticities of 0.05 and 0.04, respectively. 

Cattle are slightly complementary with wool and eggs and slightly substitutable 
with the other four livestock components. Sheep output is complementary to 
cattle and milk production. It is relatively substitutable with wool production 
with a cross elasticity of -0.35. This can be explained by an increase in wool 
prices leading to a withholding ofsbeep for sale as they areretaitled on-farm for 
their wool output There isa negligible interaction between sheep output and 
the intensive products of pigs, eggs and poultry. The production of pigs shows 
very little response to changes in the prices of the other livestock products. The 
interaction between wool and the intensive livestock products is similarly 
negligible. Milk production is shown to be complementary to cattle and sheep 
ouiputs but substitutable with wool production. Eggs and poultry production 
both exhibit negligible interaction with tbe other livestock. componellts. 

Overall, the results of the livestock aggregator appear to be plausible with the 
major interactions occurring between cattle, sheep. wool and milk. The intensive 
livest<xkproducts of pigs, eggs and poultry are relat,ively independent of the 
more extensive products and also of each other. This is to be expected given the 
real Jack of substitution possibilities between each of these intensive products 
andotherfonnsof livest04;k production, suggesting that the appropriate 
technology here isa Leontief one. The own"priceelasticities obtained for the 
major products are also close in magnitude lathe elasticity obtained for livestock 
output as a whole from tbeprofitfunctionJevel of estimation, suggesting a 
reasonable degree of intetnaIconsistency. 

Moving to the estimation of the materials and services aggregator function, the 
estimated system. is presented in Table lO~ In this case the matrix of price 
coefficients C= [cijI was positive semi·defmite indicating that the estimated 
aggregatorfunction satisfied the property of price convexity, Furthermore. the 
price coefficients were strongly significant with one exception and a114 equations 
fitted the data well. 

The matrix of elasticities derived from the unit aggregatQf equations at the 
means of the exogenous variables are presented in Table 11. These elasticities 
are the response subject to the total quantity of materials and services being held 
constant and indicate that the fertilisers and chemicals component bas an elastic 
response to cbanges in its own-price while the services, and fuel and electricity 
components .bave own-price elasticities close to -0.50. TIle own-price elasticity of 
seed and fodder is ... 0.3. Again cross elasticities are mostly relatively small with 
aU pairs being substitutes except for the fertilisers and cbemicals, and seed and 
fodder components. 
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TABLE 10: ESTIMATED UNlTMA1'ERIALS AND S!!RVICes AGGREGATOREOUATIONS1 

State dummy variables2 PticeTenns Tccluwiogy 

Equationi Ci1 Ci2 til Ci4 CiS em Cit ~ en Cit Gt 
Eq~lioni 

R 

Services '().587 -0.566 "().54S "().566 -0.544 ..o.5S1 0245 -0.167 ..().O41 ·(1.(140 -0.002 

(-23.13) (-23.69) (-2236) ( .. 21.20) ( .. 20Sl) (-23.45) (6.47) (-9.76) (-2.42) (-1.47) (..{l.U) 0.15 

Fertilise.."l & -0.148 -0.172 ..0.171 ..().18S .o:no ..Q.199 0.165 ..(l.ots 0.Q28 0.92 

chemkah (-9.92) (-lL79) ( .. 11.09) ( .. 11.78) (-1639) (-14.19) (11.35) (-1.73) (1.85) 

Fuel&. -0.117 -0.140 -0.142 -0.130 -0.110 -0.121 O.oso ..Q.029 0.80 

electricity (-11.20) (-14.18) ( .. 14.1.5) (-11.95) (-9.70) (-1.2.91) (6.88) (-2.55) 

Seed &, fodder -0.154 .(l.ll1 -0.145 ,.().129 -0.084 -0.141 Symmetric 0.030 " 0.68 

(7.87) (-6.98) (-1.62) (-6.23) (-3.89) (-8.06) (1.71) 

System Log Likelihood 644.48 

1 t·statistics in parenthesi£ 
2 States 1, ... ,6 arc NSW, Victoria, Queenstan~ South Auaralia, Western Australia and Tasmani~ respectively. 



TABLE 11 : MATERIALS AND SERVICES ELASTICITIES SUBJECT TO A FIXED 
AGGREGATE QUANTITY OF MATERIALS AND SERVICES 
AUSTRALIA AT MEAN EXOGENOUS VARIABLES 

\Vilh Respect to Price of: 

Fertilisers Fuel & Soed& 

Services &. Chemicals Electricity Fodder 

Services .0.464 0.301 0.060 0.103 

Changeiu Fertilisers 
Quantity . at Chemicals 1.332 -1.255 0.091 .. 0.168 
of. 

Fuel&. 
Eectricity 0.308 0.106 -0.472 0.057 

Seed & 
Fodder 0.458 ..{J.I72 0.050 "()337 

TABLE 12 : MATERIALS AND SERVICES ELASTICITIES SUBJECT TO A FIXED INPUT 
OF OPERATOR AND FAMILY LABOUR: AUSTRALIA AT MEAN 

EXOGENOUSV~L~ 

With Respect to Price of: 

Fertilisers Fuel & Seed & 
Services &Chemicats Electricity Fodder 

Services .0.669 O.24{) 0.014 0.061 

Change in .Fertillsers 
Quan.tity & Chenlicals 1.128 .. 1.319 0.046 -0.209 
of: 

Fucl& 
Elec(ricity 0.104 0.046 ..0.517 0.015 

Seed & 

Fodder 0.252 "().231 0.005 ·0.381 

Of more interest are the materials and services component gross elasticities 
which are derived using equation (22). Thes are presented in Table 12 and 
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show the response subject to the quantity of the flXed input. They are thus 
directly comparable to the net output elasticities from the variable profit 
function shown in Table 3. Again fertilisers and chemicals have an elastic 
response to own price changes and are complementary to seed and fodder 
inputs. They are strongly substitutabl.e with services inputs. Services inputs show 
the next highest response to own price changes and are slightly substitutable with 
the other components. The own-price elasticity of fuel and electricity is ·0.5 but 
this input bas only a weak response to changes in the prices of the otver 3 
components. Likewise seed and fodder is somewhat substitutable with services 
and fuel and electricity and is complementary to fertilisers and chemicals. 

All of the own .. price elasticities for the materials and services components shown 
in Table 12 are larger than the own .. price elasticity for aggregate materials and 
services shown in Table 3 due to the predominance of substitutability between 
the 4 components. That is, the elasticities in Table 12 show the response when 
only the price of one component changes whereas the aggregate response in 
Table 3 is equivalent to an equi-proportionate incr·!ase in the price of all 4 
components. This eliminates much of the scope f01 substitution indicated in 
Table 12. 

4 CONCLUSIONS 

This study has served to illustrate the possibility )f deriving a detailed set of 
elasticities characterising production relationships by combining the use of the 
aggregator function procedure and recently developed econometric techniques 
for imposing the required curvature conditions. The study confirms ~arIiel 
findings that Australian agriculture is relatively unresponsive to price changes. 

The lack of price responsiveness in Australian agriculture as a whole is not 
surprising given the absence of alternative uses for agricultural land and the 
degree of adjustment required to move resources in and out of agriculture. This 
contrasts with the United Statest for instance, where much higber levels of price 
responsiveness in agriculture have been reported in some studies. Given the 
larger US economy and its more geographically diverse nature it can be expected 
that the transfer of resources between agriculture and the non-agricultural sector 
would be easier tItus contributing to a higher degree of price responsiveness. 

This study bas also highlighted that a lack of price resl'onsiveness at an 
aggregated level may mask greater price responsiveness at the more 
disaggregated level.. By using the aggregator function procedure for materials 
and s~rvices more information was recovered on the response of individual 
components. 

However. some problems remain as illustrated by the results obtainerl from t~e 
crops aggregator. Failure of the data to satisfy the curvature requirer.aents can in 
some extreme cases lead to the estimated price coefficients being all close to 
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zero. This in turn causes nearly all of the estimated elasticities to be near zero. 
In this case a likely cause of this was the need to combine two data sources with 
less than full compatibility. . 

While this study represents a significant advance over previous studies in this 
area, some important areas of work remain. These relate mainly to the need to 
develop a more consistent detailed data set for Australian agriculture. Once 
such a consistent data set is av!! !lable then there is much greater scope for 
eCQDOmetric studies such as this to provide direct input into larger scale general 
equilibrium models and policy analysis. 



APPENDIX 1: DATA SOURCES 

The principal data source used in this study is the Australian Bureau of Statistics' 
Agricultural Finance SUIVey (ABS Cat. No. 7507.0). The first survey year used is 
1972/73. The survey then had a sample of approximately 10 000 farms. It was 
then caniedout on an annual basis until 1977-78 and again in 1980-81 and 1986-
87. The survey presents data on the value of farm outputs and inputs. Stock 
values for the 3 durable inputs are presented from 1974·75 onwards. The survey 
value data is combined with ABARE (1988) prices received and prices paid 
indices to produce price and implicit quantity indices for 2 outputs and 4 input 
categories. A further 2 input categories are created from survey value data and 
ABS and ABARE quantity series. The data used here are at the aggregate level 
for each of the 6 Statt.os and 8 yealisproduclng a total of 48 observations. 

For the components of the 2 outputs (crops and livestock) and the 2 non-durable 
inputs (hired labour, and materials and services) the ABARE State price indices 
were used along with the implicit quantities obtained by dividing the Survey 
values by tb~ price indices as outlined in Appendix Table A. 

For the 3 durable inputs (capital, land, andlivestQck inputs) a user cost value bas 
been derived from the stock value by assuIIling that farmers runt to make a given 
rate ofrealretum on their assets. .A real opportunity cost rate of 4 percent bas 
thus been used along with a depreciation rate for each asset class. This approach 
differs. from earlier studies such as Lawrence and McKay (1980) where .a 
nominal opportunity cost was used. While the nominal opportunity cost rate 
varied from year to year it neglected the 'increasingly important role that capital 
gains have played. As no information was available on capital gains in this case 
the alternative of assuming a constant real rate of opportunity cost was opted for. 
This is equivalent to a constant difference between the nominal rate of 
opportunity cost and the rate of capital gains. A depreciation rate of 5 per cent 
was assumed for capital and 1 per cent for land and improvements. The average 
unit of livestock was assumed not to depreciate but this required inputs in the 
form of livestock purchases. Consequently, the livestock input user cost consists 
of the real opportunity cost and the value of purchases. As no reliable land price 
series was available a land price index was formed by dividing the land value by 
the area of agricultural land in each State (ABS cat. No. 7321.0). 



TABLE A: v ALOE, PRICE M'D QUA.."'nTI'Y SOURCES 

ABAREpJice ABS A.\;O ABARE 
Group AFS Category index quantities 

Crop' Sales from crop' crops 

Livestock Sales from li~tock livestock 
Sales from livestock productS ) livestock 
Other miscellaneous revenue ) productS 

Hin:d labour W1&'CSt wries and supplements wages 
hyments to contractors contractS 

Capital 0.09 x Value ofmacbinery repairs and 
and equivalent maintenance 

0.05 x Value of land and • .!\BS area of 
improYemcnts apiculturalland 

Materials and Servicu 

SeMccs Marltetin& expenses martc.tinS 
Water and draina&e cbafF ) rcpaitl and 

Repairs aDd maintenance ) lUlntcnallCC 
Other sc.lcdcd expenu:s ) 
Rates and tucs rates and taxes 
lftsurancc payments insurance 
Other expenses other expenses 

Feni1isc.r and Payments tor fertiliser fertiliser 
Chemicals Chemical and veterinary chemic:als 

supplies 

Fucland P~nts for fuel fuel 
Electricity Payments for electricity elcctriclty 

Seed and fodder Payments for seed and seeC2 and fodder 
fodder 

1.ivestock inputs 0.04 x Value oC livestock ) livestock 
Purchases of livestocic ) 

Operator .and ABARE num~r oC 

family labour operators and unpaid 
famity helpers allocated 
to States by ASS 

proportions. 

No capital stock values we .; collected for 1972-73 or 1973 .. 74 although capital 
purchase data was. The capital stocks for these years were estimated by 
deflating the stock for the following year after allowing for purcbases and 
Jepreciation. Similarly no total livestock value was collected for 1972 .. 73 or 
1973-74. Livestock values for these years were estimated from the 1974-75 



values by allowing for sales, purchases and an average rate of net natural 
increase observed for the rest of the sample period. 

The most reliable estimates of the number of farm operators and unpaid family 
helpers were considered to be those of ABARE (1987, p.4). However, these are 
only presented for Australia as a whole. Estimates for the States were obtained 
by allocating this total according to the proportions observed from ABS 
employment data for March of each year. No value for this input was required 
as it was treated as being fixed. The implicit return to the input is the value of 
variable profit in each year. In only 9 of the 48 observations was this value non
positive. 

For the components of crops and livestock the AFS presents no data other than 
for 1986/87. Consequently, to obtain this information it was necessary to use 
ABS Census data on Agricultural Production (Cat. No. 7102.0) to obtain values 
of the various categories of crops and livestock output. These values were then 
deflated by relevant ABARE prices received indices to obtain implicit quantities 
of the output components. As noted earlier. there will be incompatibilities 
between the Census data and the AFS due to differences in the way output is 
measur,:d and statistical coverage. However, at present no alternative to this 
procedure exists if we are to obtain a more detailed set of elasticities for these 
output components. The concordance between the Census data categories and 
the ABARE price indices are outlined in Table B. 



TABLEB: VALUE AND PRICE SOURCES FOR CROPS AND LIVESTOCK 
COMPONENTS 

COIPI!onent ABS CategorY ABARE Price Index 

\Vheat Wheat Wheat 

Coarse Grains Barley Other Grain 
Grain Sorghum Crops 
Maize 
Oats 

Industrial Crops Sugar Industrial 
Rice Crops 
Oilseeds 
Other Crops 

Fruit Total Fruit Fruit 

Vegetables Vegetables Vegetables 

Hay Hay Hay 

Cattle Cattle and Calves Cantle 

Sheep Sheep and Lambs {Sheep 
{Lambs 

Pigs Pigs Pork 

Wool Wool Wool 

Milk Mille Total Milk 

Eggs Eggs Eggs 

Poultry Poultry Poultry 
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