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11 Wheat/Sheep Zone (cont'd)

Parameter

Estimate pa

Ratio of estimated
rameter to asymptotic
standard error

zH wheat quota dummy on wool

output 1968/69 » 1969/70 0.033 0.74
EN wheat quota dummy on sheep

output 1968/69 -+ 1969/70 0.096 0.96
zw wheat quota dummy on cattle

output 1968/69 ~ 1969/70 0.262 0.97
ga wheat quota dummy on wheat

output 1968/69 ~ 1969/70 -0.183 1.06
zm vheat quota dummy on barley

output 1968/69 ~ 1969/70 0.215 0.86
sm wheat quota dummy on 'other'

output 1968/69 ~ 1969/70 -0.155 0.66
Eu wheat quota dummy on wool

output 1972/73 * 1973/74 -0.145 1.66
mm wheat quota dummy on sheep

output 1972/73 * 1973/74 0.075 0.49
sw wheat quota dummy on cattle

output 1972/73 - 1973/74 -0.006 0.02
Epo wheat quota dummy on wheat

output 1972/73 —+ 1973/74 0.376 1.81
£HH wheat quota dummy on bariey

output 1872/73 + 1973/74 ~0.249 0.98
W _ wheat quota dummy on ‘other’

12 gutput 1972/73 ~ 1973/74 0.098 0.39
nH constant in equation 1 -0.016 0.37
mw constant in equation 2 -0.013 0.14
nw constant in equation 3 -0.070 0.27
na constant in equation 4 ~0.,062 0.27
nm constant in equation $ -0.044 0.26
nm constant in equation 6 ~0.104 0.43
1. In the result reported, the estimate of h

has an  implausibly

large negative value and an extremely high standard error.

{footnote continued)

1
1. Introduction

Various types of separability have been postulated in the

literature of production amumnwonm.w

One possible type of separability
occurs when multi-product production processes do not involve jointness.
Such a lack of jointness in (say) a two product production process with

three factors would mean that the single product production functions would

be well defined and could be written

i

(1.1} «u mumgwxuu memu memV R

(1.2) <N mwﬁmw - Qwuxw , {1 - pmuxm , (1 - Qwuxwu .

in which Qu is the share of total usage of factor j which is allocated

to the first product. Systems of this type, however, involve a degree of
separability which is incompatible with the jointness known to exist between
important agricultural products in Australia (e.g., between beef and wool, or

between wool and zmeﬁu.m Indeed, from a technical (and even from an

accounting) viewpoint, the shares ﬁnww are often impossible to identify in

1. An account of the research reported here is available in less condensed
form in Peter B, Dixon, David P, Vincent and Alan A. Powell, "'Factor
Demand and Product Supply Relations in Australian Agriculture : The
CRESH/CRETH Production System," Impact of Demographic Change on Industry
Structure in Australia, Preliminary Working Paper No. OP-08, Industries
Assistance Commission, Melbourne, November, 1976, and David P. Vincent,
Peter B. Dixon and Alan A. Powell, "Estimates of the CRETH Supply System
in Australian Agriculture,”" Impact of Demographic Change on Industry
Structure in Australia, Preliminary Working Paper No. OP-17, Industries

Assistance Commission, Melbourne, October, 1977, Readers may prefer to
write for copies of these papers than to verify step by step all of our
mathematics.

2. Ragnar Frisch (Theory of Production (Dordrecht § Chicago : D. Reidel §
Rand McNally, 19657, Chapter 14) devotes a chapter to 'multi-ware produc-
tion' in which various separability concepts are put forward. For a recent
example which takes the separability idea from the consumer literature and
applies it to factor demands in the context of a one-product production
function, see Henri Theil, "The Independent Inputs of Production," Univer-
sity of Chicago, Center for Mathematical Studies in Business and Economics,
Report 7535, September, 1975, pp. 80 (mimeo) .

3. See, e.g., I. R, Wills § A.G. Lloyd, YEconomic Theory and Sheep Cattle Com-
binations," Australian Journal of Apricultural Economics, Vol. 17, Ne. 1
(April, 1973), pp. 58-67.
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30.

with product supplies and in the degree of consistency in the theoretical
specification of the model. In particular, whereas under the CET
specification adopted by Powell and Gruen, transformation elasticities i3
would, under a strict interpretation of the CET framework, be constrained
to equality for all pairs of products, under CRETH this difficulty is
avoided. Moreover, our regional disaggregation allows a more convincing
application of the joint production paradigm than that afforded to Powell
and Gruen by their national aggregate data. Although we failed to

estimate the entire CRESH/CRETH system we have been able to estimate product

supply systems in each of the three zones.
Our results suggest that :

(i) Farming in the three zones, and especially in the Wheat/Sheep
Zone, is characterised by multi-enteérprise production
possibilities reflecting generally high technical prospects
for farmers to change their enterprise mix in response to

changes in the expected prices of products ;

(ii)  Unless agricultural supply analysis is carried out within an
economic framework sufficiently comprehensive to allow modelling
the joint production features of such regions, the resultant
estimates of the responsiveness of various products to changes
in own prices and prices of competing products is likely to be
considerably understated. This has important implications for
agricultural policy analysis which often involves situations in
which product prices are manipulated for a range of policy

purposes.

In section 3 we develop a suitable econometric specification in the
light of the model and salient features of the data which we briefly discuss in
section 4. In the event we had to abandon mmwwsmﬁwoz of input substitution and
in section 5 we report results for the product transformation frontiers (i.e.,
CRETH) alone. These are given as separate estimates for the three regions com-
prising the cereals-livestock complex of Australian mmﬁwnzwﬁcww.p We attribute
our inability to estimate the isoquant maps {i.e., CRESH) to the lack of sufficient

independent variation in inputs and input prices over the sample (annual time-

series data, fiscal years 1952-53 through 1973-74).

Our conclusions are given in section 6,

2. Specification of the Model

The approach embodied in (2.1) and (2.2) is that suggested by Jorgenson,

2 and recently taken up by mmmmsxmsw.m Among the alterna-

4

Christensen and Lau,

tives considered by these authors was the case in which f ‘took the CES form

S

and g took the CET form. For situations in which N = M = 2

(two factors and two products), such a specification is sufficiently flexible

1. In the context of Australia-wide aggregate data (rather than the gonal
data considered here) and a three input split, Ryland and Vincent have
successfully estimated CRESH. See G. J. Ryland and D. P. Vincent, "Empiri-
cal Estimation of the CRESH Production Function," Impact of Demographic
Change on Industry Structure in Australia, Preliminary Working Paper No. OP-12,
Industries Assistance Commission, Melbourne, June, 1977 (mimeo), pp. 14. 1In
that paper, however, all factors were treated as variable in the short rum,
whereas in the current paper land and capital were treated as fixed in the
short run.

2. Dale W. Jorgenson, Laurits R. Christensen and Lawrence J. Lau, "Transcendental
Logarithmic Production Frontiers,'" Review of Economics § Statisties, Vol. S5,
No. 1 (February, 1973), pp. 28-45.

3. Georg Hasenkamp, "A Study of Multiple-Output Production Functions : Klein's
Railroad Study Revisited,” Journal of Econometrics, Vol. 4, No. 3 (August,
1976), pp. 253-262; and Hasenkamp, op. cit..

4. K. J. Arrow, H. B. Chenery, B. §. Minhas and R. M. Solow, "Capital-Labour Sub-
stitution and Economic Efficiency," Review of Economics § Statistics, Vol. 43,
No. 3 (August, 1961}, pp. 225-250.

5. Alan A. Powell and F. H. Gruen, "The Constant Elasticity of Transformation
Production Frontier and Linear Supply System," International Economic Review,
Vel. 9, No. 3 (October, 1968), pp. 315-328.
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5.5 Some Comments on the Results

The homogeneity of degree zero of the structural form supply
system in relative prices, implies that, for amy product, the sum of all

of its cross price elasticities is equal to the negative of its own price

elasticity; that is, I mw. =~ mww . In the reduced form system this
iAo
condition does not apply. The estimated (short run) expansion effects

were sufficiently small, however, that ex post this equation applied as a
good first approximation among the estimated reduced form elasticities

(see Table 5).

We note that our estimated transformation elasticities are
considerably higher than those reported by Powell and Gruen from national
time series aggregate data using their more restrictive (and theoretically
less well articulated) CET sommw.w Furthermore, our estimates of one
year own and cross price elasticities of supply are considerably higher in
absolute value than the estimates obtained from previous Australian agricult-

ural supply studies which generally have employed conventional single

equation techniques with the parameter space largely unconstrained.

There are a number of broad similarities across the three zones in
the ease of product transformation and in own and cross price responsiveness
of wwoacnnmw Transformation elasticities are lowest between pairs of 1ive-

stock products and highest between crop products. The grain categories
apparently add considerably to the flexibility of the production response

in all three zones. Although transformation elasticities are lowest in the

1. In a six product analysis of aggregate Australian agricultural data,
Powell and Gruen reported (after constraining a number of pairwise
elasticities to zero) the following transformation elasticities;
wool/wheat - 0.16; wheat/coarse grains - 0.29; beef/dairy - 0.29;
lamb/dairy - 0.26; and lamb/wool - 0.13, The treatment of price
expectations and other variables in the present analysis (but not the
sample period) sufficiently replicates Powell and Gruen's as to allow
direct comparison of estimates.

5.

From (3.1) we find that in writing the marginal products,
ww\wxu » the need for the partition vanishes, as the same algebraic expression,

namely h.-1 h.

(3.2) 22 MW

mnoossoammwmwoawﬁ:mommw :w nowsa :u xc.AunaomQQWﬁwmﬁwwmmwmncsm

which justifies the form of the second term on the left of mu.wuuu.

Finally, we note that the marginal rate of substitution between any

pair of factors £ and k is given by

wxh wN\wxw
(3.3) zwmwm = wmm R mxh
N“xuﬁmxx“hunonmﬂwaﬁ
rw:u rhnu
X X
P 4 e 4
B 3 7 L1 Z

and that the restriction on the :u.m ensures that the (absolute value of

the) zzmwh falls as we increase xx\x » holding all other inputs and 2

constant.

2

The addition of the logarithmic term on the left of (3.1) to cover
the case of a zero exponent is in the same spirit as the suggestion
made by Johansen in the context of his utility function. See

Leif Johansen, "On the Relationships Between Some Systems of the
Demand Functions,'" University of Oslo, Institute of Economics,
Reprint Series No. 47, Oslo, 1969; reprinted from Liiketaloudellinen

Aikakauskirja.

The restriction that h, < 1 for all j is necessary and sufficient to

ensure that CRESH is mwocm~H< strictly-quasi-concave. On the other hand,
if we are content with local strict quasi concavity, then one (but only
one) of the :w may exceed 1. However, if :H > 1 and :w <1,

i =2, ..., M, then it can be shown that factor 1 is a substitute for

all other factors while the factors 2, ..., M form a group of complements,
with negative elasticity of substitution for any pair in the group -~ -
see Hanoch, op. cit. p. 700, It seems to us that in a study which deals
with "general factors!'as this one does, such as land, labour, capital,
etc., little is lost by ruling out the sort of local complementarity

which is potentially allowable in CRESH.




‘ze-esz dd ‘(161 eunp) z toN ‘zy tIoA

‘MOTASY OTWOUODY [BPUOTIBUIBIUI , ‘ssedold oarssoafexoiny 103284

B Aq paleiausy sI0LIH Yiltm suotlenby uorsssxadey snosumiinulg
Fo swe3lsAg JO UOTIBWIISY POOYTTSNTT WNWIXBE, ‘AIpusy "d4°'d "z

*58wod1IN0 vI1qrssod Jo Joqumu 9yl ST

(S)W pue ‘ojTie SIR ~U PUB +U YITYM UT SWHIT N JO 9dusanbos

B Ut anodo ued sund  fu  yoTym ur sAeM IDUTISTP FO Joqunu Y3

spenbe  (fu) exaym ¢ (SIW/(Fu)W s perernormd st Fresit (Tu)ig

*stsoyjoddy yrnu oyl 31vef{el oM JUSTITIFO0D SOUDPTIUOD Yl SNUIH U0

03 1enbs xo ueyl sset st (fu)ag Ioasusyy wopuwx A(o3siduwod st

sienpisad yo sousnbas oyl 3wyl stseyrodAy [inu ayy uo sunx Jo Isqumu

paazesqo A11enioe ay3z ¢ Tu Buraxesqo o A3rrriqeqoad ayr ¢ (fu)ag

Butandwod p3AToAUT 35931 8yl ‘A1getag  “(p9s °d ‘gogl ‘moy pue xodiey

TYIOL MON)  SOTHOUODY PATIEITIUBA) 01 UOTIDNPOIIU] UE :SIOTIISBWOU0DYH
I$OTISTILIS OTWOUODY ‘Buey °*p g 09S pasn 1593 ayr jo uoridradsep v I04 ‘1

3591 orxiewexed-uou oydurs 8yl xo3 aylles o3

sn poy ‘Spoylsu UOTIBWIOIFUT [InI Aq PoIBUTISY 9q 03 WEISAS PaUTBIISUOD
A734811 ® YONS UTY3ITM UOTIBTDII0I0INE IOF SUOCTILIIBAIOD [nFJulueaw oyew o1
a1qe Butraq jyo 3oedsoxad xzood syiy pue m.ummu S1QEIINS SI0OW B UT PIATOAUY
Burindwos jo swnjoa oYy (3591 sTY1 Fo xemod SYI INOQE SUOTSNIIT

ou aneqaey am ‘Aes 01 ssaIpedN iuspuedepur oaB SIENPISSI oyl vyl
stsoyzod4y oy 109flax Jou pInod om suorlenbs [Te ur ‘ST apyl I9qumu
[BOT31I0 8yl M0T1oq A1GBIIPISUOD SBM POAISSQO SUnNI JO Jaqumu 9yl ‘souoz
931yl ay3 ur suorienbs 01ISEYD03S [Ie Xo04 _'suorienbo snosuBIINUIS oYl

1
3O yo®e JO S[ENPISAL 28U UO INO PITIIBD SEM ,1S0L Sumy, V

UOTIB[SI10) [BTIDG J0J BUTISDJ DTIIOWBIBG-UON b°G

"Le

"(1°y) ur osTIe jou $90p ¢ ([°¢) UT IBY SB yons ‘wmIsl STWYIT

-ze801 ® 103 posu oyl ¢ s, 'y ey JO UTBWOP QY] UT 30U ST 0X8Z IDULS 1BY]
PaDIIOU 3G OSTE [IIm 1] “XoAuod-Isenb A730TI1s A1T1BqeIS ST HImYD 18U

2INSUS 03 JUSTOTIINS DUB AILSSedou ST T TR I0J [ < 'y ‘ATTRWMIOF BION ‘S

TSED SUINISX JUBISUOD Yl YITM ATUO PIUILDUOD age
am xoded stys ur  * (Z)o uworiouny ® Y3t 7 Suroerdex £q HLI¥) ojut
91EIS 01 SWINISI JUBISUOD-UOU DINPOIIUT 03 91qTssod ST IT “HSTUD YITA SY 7

**3T9 700 ,,‘U0T10930Xd FO $3S0) OYL, ‘UOXI] 'g I818g

43 ul (3 - 1)/1 o1 Ienbe uoriBuIOySUBI JO A1TOTISEID yztm pue (y ~ 1)/1
A3TOTISBID UCTAINITISANS YITM ‘wolsds 1g0/SHD oyl sowodaq STyl ‘syonpoxd 1y
103 {1 < Y)Y enlea uoWWOD B 3ivYS ﬂx Y3l pue sxoldey W 118 I03 (I > y)‘y
SNTEBA UOUMOD ® JIeys ms 9yl 9I9YM 958D JY3 U] r19y3zefol (1y)

pue (I'g) 4£q pauTIop ueyl sT weasAs uorzonpoxd HIMID/HSTHD oYL

*3UBISUOD
€

Z pue sindino xsyio 1ie Surpioy * 3>\>> 9SEOIOUT oM se (9nIBA 9INJ0SqE UTL)

$9seax0UT ((¢°g) 031 A[snodoirue poULIOP) UOTIBUIOFSUBIL JO 931BI TRUISI®W oyl

‘A pue M sandino jo xted Aue 1oy 3wyl eInsue m.ﬂx Uyl Ue SUOTIOTILSY

. 1=t
c1oE fxg D)
N
eyl 0s pozt
T
-Teurou 9q Aew pue syajswexed oaryeSou-uou exe Cy pue ‘I 2yl *Xoput

z
ndane ue xo xeput indur ue I9Y31e se Jo iySnoyl oq Aew yorym AL3roeded

18303 JO 9INSEAW IBIEOS B JO UOT}elaxdIajur oyl SBY ‘9X0J9q SB ‘7 oI0UM

(rv)

sT (9Tioyjowoy ‘uUOTIBWIOFSUBIL JO

T
SOTITOIISE]O JO OTJIBIA JUBISUOD - - KHLAYD) ISTIUOLF UOTIBWMIOISURI} Jonpord

Butinsex oy3 Aem snofofeuB uB UT UOTIBTMMIOF [I) Y3 SBurpusixe peisefins

A13ued9x sy uoxrg ‘soeds 1anpoxd-ionpoxd oy3 o3 mou Sutuang,

‘9



26.

Own and cross product price elasticities for the high

rainfall zone are shown in Table 7.

Table 7
(a) |

Estimated Own and Cross Price Responsiveness :

High Rainfall Zone

Per cent response Product whose expected price
one year later changes
in the planned )
output of (b) Wool mrmmv Cattle Grains, etc.
Wool 0.060 - 0.002 - 0.005 - 0.053
(1.07) (0.20) (0.21) (1.20)
Sheep - 0.006 0.112 - 0.010 - 0,097
(0.20) (0.90) (0.21) (0.91)
Cattle - 0.019 - 0.010 0.343 ~ 0.314
(0.21) (0.21) (1.64) (1.25)
Grains, etc. - 0.156 -0.104 - 0.320 0.620
(1.20) (0.91) (1.25) (1.67)

(a) Ratio of estimated coefficient to asymptotic standard error in brackets.
(b) Actual output may differ from planned output due to droughts, etc..

Once again, in a predominantly woolgrowing region, own
supply elasticities for wool w:& sheep are considerably less than those
of the two other product categories distinguished. Similarly, cross
price effects are lower for wool output with respect to changes in the
price of competing products than for other output and price combinations.
Nevertheless, estimated cross price responsiveness in the high rainfall

zone is still quite large.

7.

case where the common values of these elasticities are plus and minus one
respectively, the system collapses further to a Cobb-Douglas/Ellipse pair

of functional forms.

2.2 Specific versus Non-Specific Inputs

All the cases discussed so far, being based on a particularization
of (2.1) and (2.2), provide a simplification of the relationship between
inputs and outputs. In the general case where we write the multi-product

multi-factor production function as

HOG, oo X5 Yo eoen Y = 0,

there are, at every point in the input-output space, MN "free" elastici-

ties qu. where mw% is the elasticity of output of product i with respect

to factor j, i.e., E.. measures the effect on i of increasing j while

i}
holding all other outputs and inputs constant. Under (2.1) - {2.2),
the number of free elasticities is reduced to M + N. We notice that the
mwu may be written as
= . i=1, ..., N; j=1, ..., M,
5 Eis Ay wu (i=1 S )

where >w and B. are respectively the elasticity of <w with respect to Z and

3
the elasticity of Z with respect to xu . >w is computed from (2.2) by
allowing Z and <w to vary while fixing all other Y's , and mu is obtained
from (2.1) by computing the effect of a change in xu on the level of Z,
1

with all other X's unchanged.

1. In the case of CRESH/CRETH

N <h xh <w wwnu
Ay = WH T 17 iz
and
SRRV B
B. = t. 7] M nh L - - see (3.2) .
J } 1z £=1 Z
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24 9.

production period (one year) with common starting date. The assumption of

Although they are generally poorly determined, it is of constant returns to scale to all inputs implies diminishing returns to scale

interest to interpret the estimates of the wheat guota parameters to the variable inputs. Hence the scale of output is determinate and the model

for the Wheat/Sheep zone. Our results (see Appendix) indicate that has a solution. At the commencement of each production period, the representa-

following the imposition of wheat quotas in 1969, planned output of wheat tive farmer chooses his combination of products and variable inputs given the

declined sharply. This was offset by very small expansions in the supply of his fixed inputs (land, capital and his own labour and management).
planned outputs of wool and of sheep and much larger expansions in
Let F be the set of subscripts identifying the M* factors which

the planned outputs of cattle and of barley. For the period between

are fixed among the total of M factors employed. The constrained maximization
1972/73 and 1973/74 when wheat quotas became more or less inoperative,

problem facing the representative farm firm may now be stated as :
the results indicate a large expansion in planned output of wheat, a

large contraction in the planned output of barley and a moderate Choose the bundle of outputs ﬁ<wVv inputs mx%u~ and

contraction in the planned output of wool, an overall level of farm activity (Z) to maximize total

farm gross margin - - that is,
5.3 High Rainfall Zone '
(6) Max PY -} Q5 X;
The six estimated pairwise transformation elasticites are JEF
shown in Table 6,
subject to
ks
Table 6 N Y X i
(a) (7.1 ) - ®, = 0 (product transformation constraint) ;
Estimated Product Transformation Elasticities = @ ’ i=1 |
High Rainfall Zone
. h,
Sheep Cattle Grains, etc.’ .l 3¢ X
(7.2) I s v Iln|gle - =0
Wool -0.01 -0.04 -0.36 il j H 3
(0.20) (0.21) (1.20) wwxo awuo
Sheep -0.07 _0.66 (input substitution constraint) ;
(0.21) (0.91)
Cattle -2.13
(1.25) (7.3) xu = mu (jeF) (fixed factor constraint) ;

(a) Ratio of estimated parameter to asymptotic standard error in brackets.
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22.

the products, the smallest transformation elasticities are between the

livestock enterprises (wool-sheep, sheep-cattle and wool-cattle), whilst
the largest are among the grains. Transformation elasticities between
product pairs involving a crop enterprise and a livestock enterprise are
intermediate in magnitude. In the wheat-sheep zone, one can envisage few
technical problems in changing the relative acreages of different types of
grains in response to changes in relative product prices. On the other

hand, there are obvious limits on the extent to which one type of livestock

may be replaced throughout a zone with another over a one year period.

In Table 5, we report a matrix of own and cross supply

elasticities associated with the reduced form CRETH system. This

matrix corresponds to the elements c,,

1]
form elasticities incorporate both transformation and expansion effects.

in equation {16). The reduced

That is, they are derived under the assumption that the scale of output
is free to change as transformation from one product to another occurs.
For example, an increase in the price of one product is likely to lead
to an increase in the overall scale of output while at the same time
leading to a reduction in the quantity of a competing product. Hence
the size reduction in the competing product is likely to be smaller

than would have been the case had the scale of output been held no:mnm:ﬂ.H

1. The relationship between the structural form (SF) and reduced form
(RF) cross price elasticities is as follows :

L5 = &
(RE)

I ,

(SF)

zpj

where £;, 1s the elasticity of output of product i
to the overall capacity variable Z
and £,55 is the elasticity of Z
Zp}, . -

product " j ., Estimates of £2p3
form analysis via the parameter” h {see Appendix for details). They
range from 0,001 to 0.006. Hence for all practical purposes, the SF
and RF price elasticities can be regarded as equivalent,

with respect
(which is unity for all products)

with respect to the price of

can be deduced from the reduced

(8)

(9)

(10)

(11)

3

[ M B4

oo

where the lower case
in the logarithms of

Z ; and where

symbols

P

1

>

q

11.

(CRETH Supply
Functions - -

Structural Form)

(Structural Form of

CRESH Demand
Functions and
Fixed Factor
Valuation

Equations)

(CRESH/CRETH Input-Output

’ Identity)

i

>

X,
]

uVan._.uN»

the corresponding upper case variables P,

(the share of product

i

(the cost share of input

(12.1)
(12.2)
the Ew
of total
(12.3)

in total farm revenue)

M

I QX
251 S 4

]

in total costs;

1

: o

j

represent small changes

, X, Y.
3 1

for fixed inputs

represent imputed annual rentals as a percentage

costs)

mw\cﬂw -1

N
S (k, -~ 1)
PRUYAL

3
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20.

All transformation elasticities have the expected (negative) sign, although
the standard errors are disappointingly large. As would be expected, the
ease of transformation is highest when the grains, etc. category is

one of the product pairs. za<a¢armwmmmu for a one-year response, the value
obtained for wool : cattle is quite large, implying a cross elasticity of
cattle supply with respect to expected wool price of about - 0.3 . The
matrix of own and cross product supply elasticities for the pastoral zone is

shown in Table m.w

Table 3

(a) |

Estimated Own and Cross Price Elasticities :

Pastoral Zone

Percentage
response one
year later in

Product whose expected price changes :

the planned
output (b) of: Wool Cattle Grains, etc.
Wool 0.083 - 0.039 - 0.043
(1.25) (1.05) (0.96)
Cattle - 0.332 1.008 - 0.676
(1.05) (2.38) (1.46)
Grains, etc. - 0.929 -~ 1.724 2.654
(0.96) (1.46) (1.75)

{a) Ratio of estimated elasticity to asymptotic standard error
in brackets.

{b) Actual output may differ from planned output due to droughts, etc..

1. The own product supply elasticities mmwwu can be deduced from the CRETH

structural form equation (8) as :

B, o= a-sD/y -1 .

*

In applying this formula, mw has been evaluated at the sample mean

values of S; .

13.

of product i, i # £ . Under CRETH it also follows that all partial
transformation elasticities between products are negative. If Tip is
the pairwise product transformation elasticity between 1 and £ , then as

a matter of definition ,

Lal
[
fa 3

|

AHNC A.MN 2

)

= - F GED .

On the input side, we find from (9) that under CRESH,

N SR i
(15.1) Ny = TR W G#m ,
and that
T 1 1 1 .
(15.2) %m T T W, T R ST WO G#m
J m M W
R it
jt=l
where :us and qus are respectively the (output-compensated) cross-price

elasticity of demand for factor j with respect to changes in the price of

factor m , and cwa is the (Allen Uzawa) partial elasticity of substitution

between j and wm . With all wu <1, the elasticities n. and
jm

ous are positive for all pairs of factors. It follows that the possibility

of complements is excluded.
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Table 1

Composition of Output by Zone

Average Share mm Output (1952/53 to 1973/74)

Product (a)
Pastoral Wheat/Sheep High Rainfall

Zone Zone Zone
Wool 0.858 0.353 0.545
Sheep - 0.120 0.158
Cattle 0.102 0.063 0.150
Wheat 0.346
Barley b T3IMS. g 040 0.053 0.147

etc.

Other 0.065

(a) In the pastoral zone, wool and sheep (the product being sheep
meat) are modelled as a single product, whereas in the wheat-
sheep and high rainfall zones they are treated separately.
Sheep are grazed in the pastoral zone entirely for wool produc-
tion. Income from the sale of old wool sheep for slaughter
accrues to the wool enterprise. However, in the other zones,
climatic conditions are such that two distinct types of sheep
are grazed; sheep bred for wool growing capacities and sheep
bred for their meat.

Because we were unable to modify the variables representing

E

outputs of sheep, cattle and tother products’ to abstract from

weather influences, a weather variable was constructed and used where

15.

Because of the difficulties encountered on the input demand side,
we aggregated land and capital into a single fixed factor, and replaced the
CRESH specification by its CES special case. The parametric constraints

which bind the coefficients under these assumptions are, first that

it

(17} mwQ = su\mﬁw - HUEZH hu (i=1, ..., N, =1, ..., M-1) ,

in which the ordering of the inputs places the fixed factor last (i.e., in
position M), and in which the W's are shares of non-specific inputs in total

(non-specific) cost, and h is the common substitution parameter (related to

the elasticity of substitution by o = 1/(1 - h)) ;

>

(18) my = 1, i=1, .., N ;

and finally, that

535 5, _
mwmv Om.u. ] ] — - + Emn._ s
i L mh\ﬁwhywu
£
where
(20) poo= - Ry \ [hh - D],
and in which wa is Kronecker's delta. Our estimation of transformation

possibilities in the wheat-sheep zone is of (16), subject to (17) - (20). We

assumed that zero-mean white noise errors could be appended to Awmu.w Then

estimation was wwmmMN on full information maximum likelihood using Wymer's

1. Since the mapping of the serial properties of the CRETH system as we move
from levels to various systems in diffevential changes is obviously very
complex, alternative assumptions would have enormously complicated estima-
tion. We tested the validity of our assumption ex post using a non-
parametric procedure (outlined below).

2. To simplify computing, the second term on the right of (19) was set
manually to correspond with an assumed set of values of ﬁrme which were

then updated in light of the FIML solution obtained. The whole procedure
was iterated to convergence. This procedure does not necessarily produce
FIML estimates, but we believe that in this case the approximation is
adequate.
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