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FACTOR DEMAND AND PRODUCT SUPPLY
RELATIONS IN AUSTRALIAN AGRICULTURE :
THE CRESH/CRETH PRODUCTION_SYSTEM

by

Peter B. Dixdn, David P. Vincent §&
Alan A, Powell

" Industries Assistance Commission

1. PURPOSE OF THIS: PAPER

This paper is part‘of a larger project designed to model the -
Ausfralian economy at a<level-of disaggregation which distingﬁishes'abouf
100 different industry groups and about a dozen different océupationél
;atégofies of laboﬁr.ll In the initial design of the economy-wide model, nd
provision was made for joint production, so that for every pro&uct recognized -

in the model, the production function could be written asz

Gross output of
(1) product produced
" by industry i

function of inputs
into industry % 3

(17 Yy = £, X

Y3 110 %ap0 oo Yud

Whilst characterizations of the type (1') may be satisfactory for modelling
_Production relations in the secondary, tertiary and extractive sectors, they

re less satisfactory for the Australian agricultural sector which is to a

extent dominated by joint production. The purpose of this paper is to

IOPLa_more plausible specification of the production technology to accommo-
this case. ‘ ' : '

L oT details of the overall project design, see Alan A. Powell and Tony Law-
Son, "IMPACT: An Economic-Demographic Model of Australian Industry Structurs -
prellml?ary Qutline," Impact of Demographic Change on Industry Structure in
Australia, Working Paper No. I-01, Industries Assistance Commission,
Melbourne,_September, 1975.- S

For.details of the specification of the production technology in the initial
design, see Peter B, Dixon, "The Theoretical Structure of the ORANI Module,"
Impact of Demographic Change on Industry Structure in Australia, Working Paper
No. 0-01, Industries Assistance Commission, Melbourns, October, 1575.




Various types of separability have been postulatea in the
literature of productiqn-relations{1 One possible type of'Separabilify
is reflected in the fact that multiAProduEt'production functions do not
" necessarily involve jointness.” Such a lack of.jointneSS¢in (say):a two product
- production process with three factors would mean that the single product'proc-

uction functions would be well defined and could be written

2.1) N Yl = fl(alxl, azxz, asxs) s

1]

(2.2) . Y £, (- Xy, - e )Xy, (1 -0 )xg) ,

in which o, is the share of total usage of factor j which is allocated to the
firét prodﬁct. Systéms of the tfpe (2.1) —.(2;2), however, involve a dagfeﬁ
of separability which is_incompatiblerwith the degree of jointness known to
exist béfween important agricultural product§ in Australia‘(e.g., between beef
énd wodli or between wool and wheat).2 Indeed, from a technical (and even
from an accounting) vieﬁpoint, the shares iai} are often impossible to
1dent1fy in any meaningful way. 3 It is more attractive to think of inputs

of a non- spe01f1c nature {(e.g., of fertlllzer, as d1st1nct from shearlng) as

1. Ragnar Frisch (Theory of Production (Dordrecht § Chicago:D. Reidel § Rand

'McNally, 1965), Chapter 14) devotes a chapter to "multi-ware production’
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 produc-
tion function, see Henri Theil, "The Independent .Inputs of Production,"
University of Chicago, Center for Mathematical Studies in Business and
Economics, Report 7535, September, 1975, pp. 80 (mimeo).

2. See, e.g., I. R. Wills and A. G. Lloyd, "Economic Theory and Sheep
Cattle Combinations,'" Australian Journal of Agricultural Economics,
Vol. 17, No. 1 (April, 1973), pp. 58-67.

"3. Consider, for example, a farmer who sows & grain crop in autumn, grazes
it lightly during the winter, and harvests grain from it in the early
summer, What fraction of fertlllzer ploughlng, weed killing, sowing
and similar costs, should be attrlbuted to the productlon of wool, and
what fraction to grain?
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determining the location of the short-run product transformation curve.
If all inputs are non-specific, then the simplest option is to define a
production function whose left hand variable is a scalar index Z defining

generalized capacity to produce
(.1 - Zo= £(Xp, -ees Xy o

where the {Xj} are the total levels of factors (including both primary
' factors and intermediate inputs) which are input into the multi-product
- production activity.  This capaéity'index then serves to locate the
product transformation séhedule; namely,

= 7.

(3.2) - (Y LY

l! N)

In this paper we postulate functional forms for £ and:.g (namely

1 .
CRESH and CRETHZ’3

). jOn the assumption that certain factoré are fixed

. (e.g., landj,_the optimal behaviour-of a féprésentaﬁive producer is mpdelled
within a one‘period setting. This generates factor demand and pfoduct

.supply relafions which recognize the essenﬁial.jointness of produption'
relations in Australian agriculture. All of this is done in Section 2. In
Section 3, the data base available for carryiﬁg out the estimation is discussed

in some detail. After that in Section 4 an econometric specification is

made in the light of the model and the salient‘fedtures of the data.

1. Giora Hanoch, "CRESH Production Functions," Econométrica, Vol. 39, No. 5
(September, 1971}, pp. 695-712.

2. CRETH (to be discussed below) is in relation to CET as CRESH is to CES.

" The CRETH formulation was suggested by Peter B. Dixon in, "The Costs of
Protection : The Old and New Arguments,” Impact of Demographic Change on
Industry Structure in Australia, Preliminary Working Paper No. IP-02,
Industries Assistance Commission, Melbourne, June, 1976. :

3.- In the development below we do not require either f or g to have
expli¢it functional forms; - indeed, CRETH and CRESH do not possess
functional forms which are explicit in terms of (3.1) and (3.2).



Proposed estimation procedures are then dlscu55ed Section 5 °

contains brief concludlng remarks

‘2. SPECIFICATION OF THE MODEL

The approach embodled in (3 1) and (3. 2) is that suggested
by Jorgenson, Christensen and Laul,' and recently taken up by Hasenkamp .
Among the alternatives considered by these authors was the case in which
f took the CES forms‘ and g took the CET form” . For situations in
which N =M =2 (two factors and two products), such a spec1f1catlon
is suff1c1ent1y flexible to accommodate most empirically 1nterest1ng cases.
' When both the number of faeEors and the number of products exceeds two,
the CES/CET specification suffers froﬁ the very serious weakness that each
of the [ &M - l)M] pairwise parfial substitution elasticities are’
constrained to'equality,'whilst_the anelogous restrictioﬁ applies also-to

partial transformation elasticities.

. 1. Dale W. Jorgenson, Laurits R. Chrlstensen, and Lawrence J. Lau,

"Transcendental Logarithmic Production Frontiers," Review of
Economics and Statlstlcs Vol. 55, No. 1 (February, 1973},
pp. 28-45, '

2--'Georg Hasenkamp, "A Study of Multiple-Output Productlon Functions
Klein's Railroad Study Revisited," Journal of Econometrics, Vol. 4,
- No 3 (August, 1976), pp. 253 262, -

3. K. J. Arrow, H. B. Chenery, B. S. Minhas and R. M. Soiow, ”Capltal-
Labour Substltutlon and Economic Efficiency," Review of Economics and
Statistics, Vol. 43, No. 3 (August 1961}, pp. 225- 250

4. Alan A. Powell and F. H. Gruen, ”The Constant E1a5t1c1ty of Transforma-
tion Production Frontier and L1near Supply System," International
Economic Review, Vol. 9, No. 3 (October, 1968), pp. 315-328.




Hanoch has'spggested_a generalization of CES (namely,
CRESH : constant ratio of elasticities of substitutién, homethetic)
whiéﬁ pefmits'substitution-elastiCities to differ among differént pairs'
of factors, withouﬁ, however, introducing 2 1afge number of additional 2  |
pafameters}. The latier féature makes CRESH attractive for emp;ricai
work; a slight'drawbéck is that the-functional form Qf the CRESH produc-
tion functiom, £, canndt be obtained explicitiy. . Aﬁ imp}icit reﬁresent-

} : ' : . : . . 2
ation for the constant returns - to scale case is given by

(4.1)

~in which tj’ hj and <9 are parameters with'tj > 0 and hj < 1 for all j;

We can also assume that tj and 3 ate normalized so that

0= .
o
1H
]

1. Hanoch, op. cit..

2. Hanoch's (op. cit.) representation of CRESH differs slightly from
: ours in that he adopted an alternative normalization of the parameters.
Also, he allowed for mon-constant returns to scale by replacing Z in
(4.1) by a general function $(z).  In this paper, we are assuming -
constant returns to scale, and therefore only the special case
7 = (2} is required. '
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From (4.1) we find that in writing the marginal prbducts,
aZ/BXj, the need for the partition vanishes, as the same algebraic

' expression, namely

i
X, X,
y .82 J _J
(4.2) . e tj = tJ 7
J
accommodates Both the case hj = 0 and hj #0 . (Indeed, it is this feature

which justifies = the form of the second term on the left of (4.1)1)u

Fihally,.we note that the marginal rate of substitution

between any pair of factors £ and k is given by _

R s © 3%, o oez/axy
(4.3) MRS,, 3 =o— R T o
kL X, _ _ Vaz/axﬂ
Z,Xj(j#k,£)constant
Ky Xp
= - t — t —_
k {Z £ Z

and that the restriction on the hj's ensures that the (absolute value of
the) MRSk£ falls as we increase xk/x , holding all other inputs and Z

constant.2

1. The addition of the logarithmic term on the left of (4.1) 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, pp. 41.

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

ensure that CRESH is giobally strictly-quasi-concave. On the other hand,
if we are content with local strict quasi-concavity, then one (but only
one) of‘the h, mdy exceed 1. However, if hl > 1 and hi <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,
. Wwith 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 will, such as land, labour, capital,

etc., little is lost by ruling out the sort of local complementarity

which is potentially allowable in CRESH, '



—.

2.1 The CRESH/CRETH Production System’

 Turning now to the product-product space, Dixon has recently
suggested extending‘the CET formulation in an analogous way; the resulting.
product transformation frontier - (CRETH - - constant ratio of'elasticities'

of traﬁsfbrmatibn, homothetic)_iél
(5.1)

where 7, as before, has the interpretatibn of a scalar measure of total

capacity which may be thought of as either an input index or an gutput

index.2 : The 1, and K, are normalized so that
. ' 1
' N
(5.2) ) r, = 1

i=1

The restriction omn the ki's ensures that for any pair of outputs w and v,

the marginal rate of transformation,

oY ' _ BZ/BYV

. - y | _
(5.3} MRT, . = Ay, _ ' T T RZ/Y
. . W

ZJYi(iﬁv,w)constant

1. ° Peter B. Dixon, "The Costs of Protection," op. cit..

2. As with CRESH, it is possible to. introduce non-constant returns to

§§Ff' s¥nle into CRETH by replacing 7 with a function 6(Z).  In this

paper we are concerned only with the constant returns case.



increases (in absolute value) as we increase Yv/Yw , holding all other

outputs and Z constant. !

The CRESH/CRETH production system is then defined by

jE[l, ""': M]

e
-
+
o
il e~ .
ct
=
Py
¥
|
R

(6 <

In the case where the h. share a common value h#(h < 1} for all M factors

‘and the k share a common value k,(k > 1) for all products, (6) becomes
the CES/CET system, w1th substltutlon elast1c1ty 1/(1 - h) and with elastl—'
city of transformatlon equal-to 1/(1 - k). . In the case where the common
~ values of these eiastieities are plus and minus one respectively, the

'system collapses further to a Cobb—Dng1e37E11ipse-pai: of functional forms.

2.2 Specific versus Non-specific Inputs

Both the CES-CET approach and ours as specified in (3.1).—
(3.2) and the special-case, (6}, provide a severe eimplification of the
relationship between inputs and outputs{ In the general case where we

write the mﬁlti-product multi~-factor production function as

1. More formally, ki‘> 1 for all i is necessary and sufficient to ensure’
that CRETH is globally strictly-quasi-convex. It will also be
noticed that since zero is not in the domain of the k.'s the need

for a 1ogar1thm1c term, such as that in (4. 1), does not arise in
(5. 1)



H(Xl, -.-,XM;-' Yls -"SYN) = 0 2

there.are, at every point in the input~output space, MN Ufree” elastici~-
ties Eij’ where EiJ is the elast1c1ty of output of product i with respect
to factor j, i.e.;_ Eij measures the effect on i of 1ncreasrng i whlle
holding ell other outpﬁts andrinputs constant.  Under (3.1) - (3.2),

the number of free elastieities-is reduced to M + N.  We notice that the

Eij may be written as

(7) , Eij' = ‘Ai.Bj' o . (i=1, ..., N; =1, ..., M},

_ where A and B are respectlvely the elast1c1ty of Y w1th Tespect to Z and
the elasticity of Z with respect to Xj . Aj is computed from (3. 2) by

| ' . allowing Z aﬁd Yi to vary while fixing all other Y's, whllst-BJ is obtalned

from (3.1) by computing the effect of a change in Xj.On the 1eve1_of Z,

with all other X's unchanged.l

The smmpllflcatlon (7} 1mp11es that if the elast1c1ty of
wool production with respect to 1abour inputs is twice that of wheat
pro&uction'with respect to labour inputs; then the elasticity ofrweol
production with respect to capltal 1nputs is also twice that of wheat

production with respect to capital 1nputs , Thls ‘means that factors are

?_ o completely non-specific. "If it is relatively easy to expand wool output

1. In the case of CRESH/CRETH
N

A Z

T

n

“and

h£

IM.?.

w
0l
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by applying more of factor 1, then it is relatively easy to expand wool

'butput by applying more of factor 2. "InH$ummary, no factor has

comparative advantage in increasing the output of any particular product.

‘It is clear that in appllcatlons of models based on (3.1) -
(3 2), the 1nputs X ey XM should be broadly deflned (e.g., labout,
capital, land, intermediate inputs).: Simplification (7) wquld not be

appropriate if the factor list included, for example, "contract shearing.™

Obviously, this input is quite specific to thé particular output, wool.

Fortunately, however, fully specific inputs, such as contract Shearing, often
have virtually zero substitution éiasticity with_resPectfto every Othef
factor involved in the production.of their specific outpdf, in this caée
wool. For the firm's decision making, the costs of such factors can be
deducted from the product'price (i.e., treated as an excise tax). .Other
specific factors in this category afe commiséion and freight charges invoiyed
in gettlng products to market L1kew1se, these factors do not possess

identifiable substitutes. ‘Thus in adopting (3.1) - (3.2) we are 1mp11c1L1y

making the assumption that any factors which are product—Specifié'do not

. have substitutes (or at least that product-specific factors with substitutés

can be ignored}.

2.3 Fixed versus Variable Inputs

We assume that the representative farmer is efficient and seeks

to minimize the cost of producing any given multi;product output bundle chosen

'as optimal in the light of relative product prices. The'common resource base

consists of fixed and variable inputs. All products are assumed to have the

same prdduction period (ohe year) with'common starting date.
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The model assumes constant returns-to_scale to all inputs.
‘This implies diminiéhing returns tq_scale to the variablé iﬂputs, Hence
the scale of output is determinate and the model has a solution. At the
commenceﬁent of "each producﬁion period, thé_representative farmer chposeé
his combination of products and variable inputs given the supply of his

fixed inputs (land, capital and his own labour and management)l."'

2.4 The Objective Function

Let ¥ be the set of subscripts identifying fixed factors.
" The constrained maximization problem facing the representative farm firm

may now be stated as :

Choose the bundle of cutputs (Yi),
inputs (Xj), and an overall level of
farm activity (Z) to maximize total farm

gross margin - - that is,

1. An alternative approach to factor fixity would proceed along general -
equilibrium lines. Resources fixed in the short run from the view-
point of agriculture as a whole (land, capital) would be taken as
variable by individual farmers {(in the light of their ability to buy
and sell -iand and equipment among themselves).  Factor demand and

. product supply schedules would be generated for a representative

- agent, o, on the assumption of a given level for his overall activity,

Zu . Then because of our assumption of constant returns to scale, '

these factor demand and product supply schedules could be turned into

industry schedules simply by replacing Za by Z, the industry overall
activity level. The model would then be closed as follows : product
prices and prices of variable factors would be given exogenously on
the basis of the small country and small industry assumptions respect-
ively. Prices of fixed factors would be determined by industry
demand and exogenously given supply and finally, the overall level of
activity Z would be such.that the fixed factor prices or rentals would
leave the industry with zero profits. . . The net result of this paradigm,
we believe, would be indistinguishable from the story which we tell for
the market on the basis of a representative farmer optimising subject
to factor fixity. - ’ '
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8 - Max  P'Y - J QX
. : . j¢F J
subject to
) ki
_ N 1Y, T, , . .
(8.1) Z ' —%— Ei - K, = 0 (product transformation constraint) ;
: ' i=1 i
‘ h.
- X; J Y X; :
(9.2) .Z 1l gt or L M| tgmkyp = 0
] J ]
hj#o hj=0
(input substitution constraint} ;
(9.3) Xj' = 'ij (jeF) © (fixed factor constraint} ;

Qhere the.ij fepresent the exogenouély given supplies of
the fixed factors. P is theé ﬁector of net'priceé for.
pi'o&ucts,j i.e., the price after allowance for the costs
of product specific inputs, and for j¢F, Qj is the price

of the jth variable input.l

1. . From the viewpoint of the model described in this paper, the
exogeneity of variable input prices is based on the assumption
that agriculture is a 'small industry.' Within the ORANI

. module of IMPACT, however, input prices (in the economy at
large} are endogenous, due to the general equilibrium nature of
ORANT. '
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7.5  First Order Conditionms

The solutibn can be found by forming the Lagrangean (L)

and sd}ving the set of equations from the first order conditions for a

maximum. The Lagrangean.fuﬁction is
¢ kir
. . . ‘ g Yi L
(10) L = P'Y- § QX - J QX -X)-A = = -k
igp I3 ger 00 ST
— o —_
]
505 L Y
L R 7 I ol ATl 1 Y
J ] ]
hj#ﬂ .hj=0
L ‘ __

where A, T and Qj’ jeF are Lagrangean multipliers. The Qj’ for jeF,
 may be interpreted as the endogenously détermined rental prices of the
fixed inputs. The signs appearing in front of each of the Q,, A and T

have been chdsen to enforce the. convention that each Lagrange multiplier

(viz., shadow price) is expected to be positive.

Differentiating {10) with fespect to the (M + M* + N + 3)

variables (Xj, Qj for jeF, Y;, Z, A, T), we obtain’

Our assumptions that hj < 1, ki > 1 for all k, j ensure that there

is no danger of cormer solutions. Provided tj and h, have the same

sign (a sensible restriction - - see Hanoch, op. cit., Pp. 697), the

" CRESH isoguants either fail to reach the axes or meet them tangentially
with slopes of (minus) zero and (minus) infinity at the. tangency points.
Also, with the T, constrained to positive values, for any given Z the

.CRETH transformation frontiers meet the axes at right angles.. Hence

even when the substitution and transformation elasticities are very high
(i.e., hj’ kj -1 - - see (24.2) and (25.2)), the first order conditions

will hold as equalities: Tt follows that an appropriate choice of para-
meters enables CRESH/CRETH to approximate to an arbitrarily high degree
of accuracy the corner solutions involved in perfect substitutability
and/or transformability. ™
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i
sl ATil Ti | | . -
(11.1) vl P. - A -z v = 0 = (N equatiens) ;
R oo i : : o
h.
| - x; 7t S
(11.2) %%%— = -~ Q. + T -%% il« = 0 S {M ‘equatiomns) ;
I j
k.
1
3L N Y. “.ri _ . : ‘ _
(11.3) -é_[[ - Z ....%. T{_.._. - Kz_ = 0 ‘ o . [1 equatlon) M
i=1 i -
1h.
L L X, Jt. . X, ' .
{11.4) . %?- = Z f% El.+ X tj 2n —%— - Ky = 0 {1 équation) ;
' ' J R B ‘ '
h,#0 h.=0
]
(11.5) %%- - X - % = 0 . (jeF) : (M* equations)
' J
- h.
‘ kl j
. o : N |Y. T, M X, t, .
©(11.6) %%— = A ¥ —% -%? -t ¥ —% —%— = 0 (1 equation) .
| i=1 j=1 - |

In the equation count above, M* is the number of fixed inputs.

Using (11.1) and (11.2), (11.6) can be restated as

_ M ' ,
(11.6") TPY. = ) QX.= )} QX.+ )] QX. ;°
: i=1 11 j=1 J.1 jEF 1] j¢1:: J 3
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that is, the value of output is équal to the cost of inputs, where the

‘cost of the fixed inputs has been reckoned at their shadow rental values.

2.6 The Llnearlzatlon of the Flrst Order Condltlons and the Ellmlnatlon

From a practical viewpoint, the system of first order equations
(11.1) - (11.6) is awkward in two respects : (i) it is non-linear, and

(ii) it contains the non—observable_variabies A, T, Z and Qj (jeF).

The system may be linearized by expressing each of the six

equations in prbportional change form to give :

(1z.1) pl = A+ ki(yl - ‘Z) -'Yi ?
12.2 : . = + h,(x. - - X, 3
(12.2) 9y Y+ hlx, - 2) 5
k.
y 1
. Ig Y, :
{12.3) oy, - z) 1, — = 0 ;
. 121 1 i Z
h.
S
. M- : X. .
(12.4) ) (x, -2) t, |%* = 0
. 2y 73 Z .
J-- .
(12.5 . ieF) s
( ). X j {jeF)
N - M -
(12.6) Loy ry) Sy o= 1 (ayrxp) W,
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_ where lower case symbols Py» qj, Xj’ Yis Zs A, ¥, Tepresent small

changes in the logarithms of the correspénding upper case variables

_Pi’ Qj’ Xj, Yi’ Z, A, Pr; and where

(13.1) .8, = P.Y. Y Py s
) . i T Y A 2L .

the share of product Yi in total farm revenue, whilst

: M

13.2 - W, = QX. X

(13.2) : J QJ J 221 Qﬂ_ﬂ ’

the . cost share of input j in total costs. For
fixed inputs the Wj represent estimated annual rentals as a percentage

of total costs.

Equations (12.3) and (12.4) may be further simplified,

via (11.1) and (11.2), to give

N

(14.1) . }oy. S, = z
i=p Tt R

and

(14.2) L ox W, = 2z
je1 3T

, N M
(15) ! p;S; = I q. W
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We now work with the (N + M + M+ +3) equation system

(12.1), (12.2), (12.5), (14.1), (14.2) and (15). This system has

overcome the first of our difficulties. It is linear in the éndogenous
variables Yi xj, qj for jeF, z, A and y.l. " The second difficulty
remains,viz;,qj for jeF, z, A and y aré non-ohservable. ~- Also, it

 might be argued that‘the fixed cosféhares Wj’ jeF are non-opserﬁable.
Howevef,:in thisApapef we_wili assume that all the shgres..sj and-Wj

can be observed or estimated. Iﬁ the ééée of the fixed:factbrs, we aré
éssuﬁing that it is not possible to observe, wifh any reliability, the time .
series bn'changés in the rental value of farmer-owned capitai and land. On
the bthef hand, we are assuming that it is’possible to estimate an averagé-

long-run share for various types of fixed factors in total costs.

The elimination of the non-observables will be performed in

several steps. We commence with A and v.

Equation (12.1) may be rewritten as
1(16) ‘ | p; = A - kiz +'(ki - ljyi. .

After multiplying through by [Si/(ki - 1)} , summing over products, and

recalling from (14.1) that zisiyi =z , we see eqﬁation (16) implies ':

‘1. The shares, Si’ Wj, can be regarded as "approximately" predetermined.
If changes in exogenous variables, X5 for jeF, p and A for j¢F, are

not very large, then the system (12.1), (12.2), (12.5), (14.1), (14.2)
and (15) will be approximately valid for time t where the shares refer

to time t - 1 .

2.  This issue is further discussed in section 3.9.
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- N . N - N =~
- (17.1) ) S;py = A ¥ s; +z( - 1 5, k)
i=1 : i=1 - i=1
where
(17.2). = - 8; = Si//(kl - 1)
But
1§ I 8
1 - S. k.) = - S,
=1 *+ 1t i=1 *
hence
;‘
(18) A= ‘Z p; S +z ,
‘ i=1l =~
where
: : P s./(k. - 1)
(19) st = —Si = ¥ o3

Using similar reasoning, equation (12.2) can be solved for v, yielding

M : .
(20) Yy = Y oq. wWrez o,
where _ :
: ‘ ﬁ.‘ W, //(h. - 1)
: ]
' EI it ‘ Z W., (h,, - 1)
] j1=1 ] ]
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“2.6.1 _Derivation of CRETH Supply and CRESH Demand Functions

Substituting (18) and (20) into (12.1) and (12:2), we

obtain
22 e = g s 7 ' : % g* (CRETH Supply Functions - -
- i X, -1 P17 .t Pir i : |
i i =1 Structural Form)
“and
: M ' .
- (23) . = 7+ 1 4 - Z Q. W, _(CRESH Demand Functlens - -
J _ }ﬁ f 1 J jr=1 ;) " Structural Form)

which tcgether with (12.5} and (15) constitute'the'revised system of

_(N + M +. M* + 1} equatlons, 1iﬁear in ‘the endbgenous Variables Yy xj,

q for jeF, and z. It remains to ellmlnate the non-observables q for
jeF and z. However, at this stage we w111 pause to interpret (22) and
(23).

' 2.6.2 Interpretation of CRETH Supply and CRESH Demand Functions

The 1nterpretat10n of (22), the product supply equation, is as
follows : the percentage change in output of product i is linear in the
perCentage'change z in_overall farm activity, and in the percentage change
in the relative price of product i. In determining'the latter relative
prlce movement, the percentage change in the absolute price of product i

" has subtracted from it a weighted average of the percentage changes in the
prices of all products, where the‘weights used depend on the relative shares
of the differeht'products in the grOSS.value of prodaction at the_farm gate,

and on the parameters, ki, ..., ky -
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_ By‘setting Py % 1, z = 0 and Py = ﬁ'for all i' # £, we
- see that (22) implies that | | |

(24.1). o | Eip = - T Sﬁ. , i#4L,

where Eiﬂ is the cross price elasticity of supply'of product i'witﬂ respeét j
to changes in the pyice of-prodﬁct £. Unde: our restriction thaf ki > i _
for all i, it is apparent thét all product-product cross price |
-_éiaSticitiesjére'negative. " With the overall level of activity fixed,-an_
increase in the price of product £ will lead to a reduction-in the output”
of prbduct i;_i # £, Under CRETH it also_foliows that -all ‘partial trans-
_forméﬁion giasticities‘between products are negative. If Tip is the |
.paif—wiSe product transformation elasticity 5etween iand £, then as a

matter of definition,

(24.2) | T T

- ' ' , 1 . : .
(25.1) o Mim = "R -1 W Gg#m ,
_ i _ ,
. and that
- - _ 1 1 1 | : .
- (25.2) %m T T R T R <1 W . G,
_ m _
YW,
-5 i
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where njm and ‘Gjm are respectively the cross-price elasticity of

demand for factor j with respect to changes in the price of factor m,
and Ujm is the (Allen-Uzawa) partial elasticity of substitution

" between j and m. Wwith all hj < 1, since the elasticities Nim and

cjm_are positiﬁe for all pairs of factors, it follows thatlthefpossibility

of complements is excluded.

2.6.3 Matrix Representation of the CRESH/CRETH System

Rather complicatéd manipulations are necessary to eliminate

. the remaining unobservébles, qj for jeF and z, from our condensed systgm
(223, (23), (12.5) and (15). 'Unfortunately, the introduction of matrix
notation seems ﬁhavoidable. -A_matrix representation of.our syétem follows

in which it is assumed that the variable factor inputs are numbered

i, 2, ..., M- M, and the fixed factor inputs are M - Mt + l,”..., M
(26.1) y = z1+E(d-89p ;
oo . * ~ *
(26.2) o= 2lvi C-yp & Gl
- - * ~ *
(26.3) x, = z.1+H (- ¥yq) 4 * Hy, (L - ¥p,) 4
(6.4 g2 = B g rh g, oo

Equation (26.1) restates equation (22) whiist (26.2) and (26.3) restate (23)
for variable and fixed inputs‘respectivély. Equation (12.5) has been
used to eliminate X» i.e.,m}=c2

- restatement ofJ(IS). The notational definitions are

is replaced by §2' and (26.4) is a
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the N-vector of proportional rates of change in product

outputs, with typical element Yy -

the N-vector of. proportional rates of change in product

prices, with typical element p. .

the proportional rate of change in the representativé
farm's overall activity level, viz., denZ (as previouslf

defined; a scalar) .

the (M - M*)}-vector collecting the proportional rates of

change xj for j#F (i.e., variable ihputs) .

the (M - M*)-vector of prdportional rates of change in

prices bf the variable inputs .

the M*-vector collecting the proportional rates of

change xj for'jEF.(i.e.,-fixed'inputs)'.

the exogenously set valﬁes of X5 -

the M*—vedtor'of.proportional rates of change in shadow

rental prices of the fixed inmputs .

the N x N diagoﬂal matrix with typical element 1/(ki -1y .

the (M - M*) x (M - M*) diagonal matrix with typical

element 1/(hy - 1) for j¢F . |

the M* x M* diagonal matyix with typical element‘l/(hj - 1)

for jeF . |

the N x N matrix with every row the same and equél to
K. 7 Tk .

(Sl, ee s SN).‘

the M x M matrix with every row the same and equal to

* ’ ®
(Wls Tt WM)
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the (M - M*} x (M - M*) north-west block in a partition
of W* ;

* : L ‘ *

A1 has every row the same and containing the wj values
for j#F .

the M* x M* south-east block in the above partition
having every row identical and containing Wj values

for jeF .

respectively the north-east and south-west blocks in the

partition of ¥ -; apart from the number of rows involved

- - (M- M*) and M* - - these matrices are respectively
- L] * ! * - V .
identical to w,, and w

=22 S =11 T
the.N-vectdr of prodﬁct shareé Si,in gross value of the

repreSentative-farm's-output net of product-specific

costs .

the (M - M*)}-vector of shares of non-product'specific
vaiiable jinputs in total input cost excluding product
specific charges.. o

the M*-vector of shares of imﬁute& returns of fixed
facfcrs in total input cost excluding product specifié
charggs . | |

the identity matrix (with order defined-by the context) .

column vector of ones (with order defined by the context) .
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2.7 Complefion of the Elimination ‘of Non-observables

' Rearrangement of_{26.3) gives

: o ‘ 1
' -1 ~-1 [ -
) . = - * C - %
@7 % 1-w) W Ez z 1+ §Z| |
q, is then eliminated by substituting (27) into (26.2) and (26.4) to .
obtain |
rp-
.
/ 'y
, U * - h-1
x, = zll+Hjpu, T-%y) 11
: ~ i * * * -1 *
(28)* © HT( - ¥yp) -4y (- ) ¥yl gy
~ * & .1 2-1 ~
T Hy ¥y (L -y, b §2_ g
and
-1 ) 1 . * -1 -1 .- o *
‘§Tg - El 9 F Ez - 222) Ez {§2 * §2 ¥21 qu
(29) ' -1 ~-l
. - 2 Ez (I-4y) B P
1. Equation {27) has two roles. Flrst it is the vehicle by’ whlch

we-eliminate the unobservable g, on our way to setting up an

estimable system of input demand and output supply equations. _
Second, it could, following estimation of the relevant parameters,-

.~ be used in the calculatlon of a series de
implicit rentals of flxed factor 1nputs

N t o, s
The matrix I  is a rectangular matrix of
and contains exactly one unit element in
ing is arbitrary), and zeros elsewhere.

scribing changes in

dimension (M - M*) x M , .

each row'(the_positidn-
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We now have a system, (28), (29) and (26.1) which contains
‘only one non-observable, z. The elimination of z proceeds as follows.

- From (29) we find that

'7 t T ! __1 A—l - A .* . .
o Wa -spr¥y A -dh) & (%, * Hy¥5,3y)
- W, (I -wpp) % 2
(30.2) = u@a'y + BE - £
where
| . t : -1 ~-1
(30.3) u = 1//[52 (I - w3,) EZ. 1l s
- S _ ' . AT »
(30.4) A= Bt W, (; w22) w3 o’
and
S -1 -1
_ (30.5) B =, (o) b

On using (30.2) in (26.1j and (28)-we-obtain our final system

L) oy = (uAlq) 1+ wB'R)1+Cps
wheie

(31.2) . C = K (I-89 -u@gren .

and
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=
n..r:
i
N
Hp=a
+
1fep}
|L,Q
LS
f_E\ .
nex
54 1
(3% )
(e’
Tl
+
[N
Nl

X =
{32.1) r -
; - ug'pDl .,
whére_
T S _ -1 5-1
(32.2) D = I'+H wi, (I-w5,) "4 s
: . o
. = - * - & - % . %
G2 ¢ = L -wp-y, T-u) 6l
cand
(32.4) J = - H wt. (I - w*')*l e
’ o= =1 =12 = =22 =2
Equations (31.1) and (32.1) are our final CRESH/CRETH
product supply and input demand system. 7 They are linear in the

observable variables y, qys Xy

and p and contain no entities which are
inherently unobservable. In the next section we will describe the data

base which we intend to apply to our system and in the following section
we will discuss our proposed econometric methods. However, to conclude
this section, it is worth highlighting one of the system's more interest-

ing'features.

The form of the first two terms on the right of (31.1)

‘indicates that the impact of any given change in variable factor prices

- and/or fixed faltor supplies is neutral as between products : that is, the

elasticity of supply of every product with respect to any given variable

-input's price or with respect to the stock of any fixed factor, is the same

for every product, This is as would be expected, If reflects the non- -
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specificity of factors (see subﬁecfioﬁ 2;2). ' -On the_ofher hand, the
form of the last ferm on the right of (32.1) indicates that vériable input
deﬁand elasticities with respect to the price of-any given product will,
except in exceptional circumstances, differ between inﬁuts. This |
difference is due, however, to the presence of fixed fac@ors. The reason
that a given product pfice rise, having led to a higher level of overall
activity,:doesn't lead to equiproportional changes in the démand for all
‘vgriable inputs is clear : in terms of the variable faﬁtors alone, the
 CRESH fuhctioﬁ (4.1) is not homothetic (except when every h_j for jgF is the

same),}

3. THE DATA BASE

. The model will‘be fitted to Bureau of Agricultural Ecqnomics

- (BAE) répreseptative farm data from the Australian Sheep Industry Survey
..(ASIS).'2 The survey data covers the peried 1952/53 to 1974/75. Within
the ASIS framewofk, agficultufal and past;ral enterprises are classified into
three disfinét geogréphic zones (terméd Pastoral, Wheat-sheep and High Rain-

- fall) according to rainfall. " This zonal approach is particularly important

1. If El = ol where o is any scalar, it can be shown that D1 isa
scalar multiple of 1 , -and in that case changes in product prices

Tead to equiproportional changes in the demand for all variable inputs.

2., The ASIS is drawn from a population of about 90,000 farms. ~ For a
property to be eligible for inclusion in the ASIS it must Tun at
least 200 sheep, provide full-time occupation for at least one
person and not be principally a stud, part of 2 multiple holding
or used mainly for dealing. The survey population encompasses
nearly all commercial output from the grazing-livestock complex.
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in the Australian environment where because of climatic and biological
influences, the same product may be produced using quite different

technologies in different regions.

- Initially, the model will be fitted to input-butput
information from each of the three zones., It is anticipated that at a
later stage of the project,'each zone will be further subdivided on a

State basiS'in'order-fo provide regional detail from the model.

The treatment of the ASIS data base will be as follows :

3.1 Products Y, (i =1, e 5)
At least 5 types of product groups (wool, sheep, cattle
enterprise, cereals enterprise, other) will be fecognizéd. The (1973/74)

relative shares of each product's revenue in total farm revenue for each

zone is shown in Table 1.

TABLE 1 : PRODUCT SHARES BY ZONE : 1973/74
{per . cent) .
Pastoral Whéat;Sheep,-A..Ra?iEZII
Sheep enterprise - wool 53.5 31.6 45.6
- sheep 19.0 17.6 22.9
Cattle enterprise ‘ - 15.4 12.6 22.6
Cereals enterprise | '
- wheat 8.0 23.4 0.6
- oats - .5 0.6
‘ - bafley _ 0.4 .9 0.6
'Other' enterprise | .4 7.1

" Source : Bureau of Agricultural Economics, The
~ Australian Sheep Industry Survey :
1970/71 to 1972/73 (Canberra : Australian ,
. Government Publishing Service, 1976).
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The produot supply data to be-uoed in our model shoul&
.ropresent changos_in‘output as planned by the repfesentative producer.
Adfostment for weather conditions and for autonomouo technological
- improvements will be made to the ASIS information in forming ou?'se;ies

{y i=1, ..., N; t=1, ..., T}.

it?

"

3.2 Fixed Inputs X, (j =6, 7, i.e., jeF)

The farm firm's Iand area,'capital input aod ;he labour supply
of the owner-operator are’regarded'aé fixed facfors ip\the short run.l _ In
this énaiysis, the onwer-operator's labour is treated as part of the firm's
capital input. That is, payments to capital ore dssuméd_to oonsiot, in

part, of the reward to the owner-operator for his management and labour

iﬁputs.
Land  : Units are total area of farm in hectares.2
‘Capital : Capital inputs are noteriously difficult to measure in studies

of this type. The main difficulty 1ies‘iﬁ the interpretation of the
concept .of depreciation. Théré are two general approaches (both based on
7 perpetﬁal inventory formulations butadopting different treatments of deprecia-

tion) which can be followed to derive a suitable capital input series.

(1) Assume that the capital service flow is proportional to
the capital stock and comstruct a stock series of the

. = . . ¢ 1S it stock
form_xt+1 Ky +_It th , -where K. 1$lcap1 al sto

1. Australian agriculture is characterised by a family farming structure.
Labour inputs of the owner-operator, particularly in the Wheat-sheep
and High Rainfall zones, represent a very high percentage of the total
labour inputs of the firm. :

2. In the case of the Pastoral zone, both the concept and measurement of
land inputs into the production process is less clear cut than is the
case with the other zones because of the very large areas and low
outputs/area of Pastoral zone properties.

-
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{constant prices), I_ is gross investment net

t
of sales (constant prices), and d is the annual
rate of depreciation. This series would then

be used as an estimate of the real capital stock

embodied in structures and plant and machinery.

The choosing of an appropriate value for d is
an unresolved problem. - If market daté-on second-
hand vélues is_use&, then the resulting d does not
refer solely to the capacity of an asset fo_produce
current services. It iﬁcludes, in'additioh to a
| deterioration factor (which is a legitimafe determin-
ant of fhe service flow) an.obsolescence factor which
is in the nature of a penalty tﬁe market attaches to
eiisting equipment in view of better equipment becoming
 avai1ab1e. The obsolescence factor need not affect thé
service flow. Hence the‘depreciated capital,stock

~ series is likely to 'over depreciate' the service flow.

(ii)  Follow Griliches1 and'Yotopoulos2 and formulate a
measure of capital service flow under a 'one-hoss
_shay' specification, the assumption being that there is

no deterioration with age and that the service flow is

7. Griliches;, "Measuring Inputs in Agriculture : A Critical Survey,"

Journal of Farm Economics, Vol. 42, 1960, pp. 1411-1433.

P. A. Yotopouloé, MFrom Stock to Flow Capital Inputs for Agricultural
Production Functions : A Microanalytic Approach," Journal of Farm
Economics, Vol. 49, 1967, pp. 476-491,
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constant over the 1ife span_of_ihe capital item.
The service flow is then computed from the stock
as-the annuity associated witﬁ an n ygarrmoving
sum (n = working life) of cumulated gross inﬁestment

in structures, plant and machinery.

The annuity can be thought of as rgpfeéenting‘
the sum of interest and depréﬁiation, with the
interest chafges.declininé and the.depreéiation
charges rising as the capital item ages. The assump-
tion in this approach that the service flcﬁ does not
decline with age is likely to result in an overstatement

‘of the actual service flow.

Our jﬁdgment'is that there is no compelling reason for prefefring
either one of the forégoing approaches to capital input measurement. A

final decision will be made at a 1ater‘stage of our research.

3.3 Variable Inputs Xy G=1 s S i.e., j¢F)

All labour hired1 by the owner-operator (including family
labour) together with material and service inpufs constitute the variable

_inputs.

Labour : The ASIS contains detaills of payments to the.following‘categories of

labour - .
' hired ,
contract ,
shearing and crutching ,
family .
1. The different treatment of hired and owner -operator labour is consistent

. with the labour fixity phenomenon frequently observed in the rural sector.
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‘Since shearing and crutching labour is specific to the
sheep enterprise and has no clearly identifiable substitute (see earlier
discussion) it will be treated as a 'mark-up' expense. That is, payments

to shearing and crutching‘wili be deducted from the gross revenue of the

‘" sheep énterprise.

. Payments to contractors, other than shearing and crutching, are
of minor significance and will be combined with hired labour payments. .
Furthermore, we assume that hired labour and family labour inputs behave as

perfect substitutes in production. Hence hired, family and contract

,‘1abouf inputs will be combined into one labour variable input termed hired

farm labour.

Non-labour inputs : Two broad types of non-labour inputs are recognizéd :

(a) materials whose main components are fuels, fertilizer and maintenance

‘expenditure on capital itenms, and (b) services whose main components are

pfoduct marketiﬁg charges and rates and taxes. Since marketing charges are
product,Specificrthey will be treated as mark-ups to 5e deducted from the
appropriate_product's gross revenue. ~ Rates an& taxes will be regérded‘as
é'cost of holding land, - Since the "rental" on land has been_substitufed
dﬁt of our CRESH/CRETH syétem, rates and faxes will not have a role in our
econometric.estimatiqn of the pafameters. hj’ ki’ ' (i = 1, ce., M
i=1, ..., N). '.Series-on rates aﬁd taxes may be useful, however, at a
subseqpent'stage in interpreting the'endogenously generatéd impiicit rental
series for land (see the footnofe attached to equation (27), and subsection
(3.5})). | .

Amongst the materiais inputs, the maintenance item warrantsr
further'comment'sin;e its intexpretation is somewhat amhiguous.r One

approach would be to regard annual maintenancé expendituré as a fixed
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percentage pf the value of the capital stock. An alternafive:(followed
here) is to treat it as determinable by the farmer. : The latter approach
is probably the more:reelistic one in the Australian farm enviromment where
the“fa?mer appears able to exescise a good deal ef choice over hisrlevelrof

maintenance expenditure.

In summary, the five variable inputs that will be distinguished
in the CRESH/CRETH system are : hired farm labour, fuels; fertilizer, main-
tenance, and an 'other' category which includes all remaining intermediate

inputs;”

3,4 Product prices Pi {i=1, ..., 5)

Not all farm enterprises.distinguished earlier are unique with
respect to products sold by the firm. For example, the cereals enterprise
yields wheat, barley and oats (though predomlnantly wheat). In the case of
the wheat~sheep zone, the three cereals components are sufficiently important
to be treatedhas separate commodities 7 However, for the other zomes, a finer
disaggregation of cereals into 1nd1v1dual ﬁroducts is considered uﬁwarradted
in view of the minor ‘importance of the individual cereal products In these
instances, weighted average prlces per unit of enterprise output will be |
cemputed. |

The produet price units will be conSistent with the units dn which.
~ product outputs are expressed; For example, if planned odtput of wheat is
expressed as dollars/area sown, then the corresponding wheat price is expfessed
as_dollars/area sown. This measurement consistency is necessitated by the
Presence of the value shares (Si) of products in gross incoﬁe, dn tﬁe estimat-
ing.model.

It w111 be necessary to modlfy actual product prices to reflect

production expectatlons. Some formal expectatlonal model w111 be ‘required,
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perhaps along classic Koyck/Nerloﬁe 1ines,1 or along the variant explored
by Powell and Gi'uen.2 ‘ Howe?gr, whatever expectational model is chosen,
we will follow the convenient convention of locating all lags on the
expeﬁtational side. No défa set is likely to be ri@h enough to partition
aécurately lags in observed output responsé to product prices into frictions

on the adjustment side and bn‘the updating of expe_ctations.3

3.5 Variable input prices 'Qj G.= 1, ..., 5, i.e., ifF)

We assume that prices of variable inputs are anticipated
accurately. Therefore we will be able to use BAE indexes ofsprices paid

for inputs without modification.

3.6 Fixed input prices Q- (G =6, 7, i.e., jeF)

- The prices of the fixed factors are not part of the data base.

They are endogenously determined in the system. However, we make reference

to them at this stage because they are of interest in the development of a
theory of agricultural investment. Using économetric estimates based on

the observable variables, back spbstitution (see equation (27)) will-allow

1. . L. M. Koyck, Distributed Lags and Investmént Analysis.'(Amsterdaﬁ :
North—Holland Publishing Company, 1954).

Marc Nerlove, The Dynamics of Supply : Estimation of Farmers' Response
to Price (Baltimore : The Johns Hopkins Press, 1958).

2. Alan A. Powell and F. H. Gruen, "The Estimation of Production Frontiers:
The Australian Livestock/Cereals Complex,'" Australian Journal of
Agricultural Economics, Vol., 11, No. 1  (June, 1967), pp. 63-81.

3. Nerlove (op. cit., Ch. II) demonstrates the theoretical possibility of

separately identifying coefficients of .expectations and of adjustment;
' in practice this is not likely to be very successful. - See Alan A.

Powell and F. H. Gruen, "Problems in Aggregate Agricultural Supply

Analysis," Review of Marketing and Agricultural Economics, Vol. 34,

Nos. 3 and 4 (September and December, 1966), pp. 112-135; and

pp. 186-201.
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®

the estlmatlon of implicit shadow prlces on the fixed factors. In the
ORANI module 1nvestment takes place in response to the gap between the
shadow prlce and the supply price of 1nvestment capltal in agrlculture,

It therefore seems 11ke1y that the CRESH/CRETH estimates of the shadow prlces

~on capital and land could form an important part of the spec1f1cat10n of an

aggregate investment function for the various agricultural regions Qf

Australia.

3.7 Product shares of income Si (i=1, «.., 9

These are readily computed from information on gross revenue (net
of produétéspecific costs) of individual enterprises and from total gross

Tevenue. The series will be corrected for the influences of weather.

3.8 Variable input shares of costs wi G =1, ..., 5, i.e., JEF)

As with product shares, these are readily computed ffom informa-

tion on the total value of output and expenditufe on the various input

categories.

3.9 Fixed input shares of costs wj (j =6, 7, 1l.e., jeF)

There is no difficulty in making estimates of the aggregate
fixed input share, W7 + WS‘ One can 51mp1y subtract the varlable input

share from unity. ‘The difficult problem is to make the split into a capital

.share and a land share.

Initial estimates.can be generated via a residual imputatien of
farm value addedﬂ For example, implied rental payments to land can be

estimated from the market price (capitalised rent) of land. The market
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price reflects the discdunted.preseﬁt value of expééted returns from the
land. - Under the assumption that lénd:yields an inexhaustible flqw_of
setvices over time, land rental payments represent the perpetuity associated
with the market value, Payments to the remaining factor,owner—operator
labour and capital,rmay then be computed as a.residﬁala However, splits
based on the abové method are known fo be unreliabie : alternative eéually
pléusible methods can give very.different results, Therefore, we plan to

~ conduct some sensitivity analysis, by varying fhe split and noting the..
effect on paramefer estimates. The.more‘ambitious approach of méking the

ratio W /W, a barameter to be estimated may also be explored.

4. ESTIMATION FRAMEWORK -

Our approach t6 estimation is via the system (31.1} and (32.1).
We consider this systeﬁ to be a reduced form, ‘i.e.,'eéch of‘the endogenous
variaﬁles Y and X, @ppears 6n the left wbi}e only.exogenous variables
appear on the right. The systeﬁ is linear ;n the variables Ys X1 94> 52
.and P, and does not involve unobservablesf There remains, however, an

important'decision to be made fegarding the handiing of the shares and

modified shares §, S*, W and W* .

Tﬁe simplest method, and the one we plan to adopt; is to treat
the shafeéig'and ] as‘constants. "Althqugh the shares do in fact vary over
time, our judgement is that systeﬁ (31.1) and (32.1) can be reasonably well
approximated by fixing the shares at ceﬂtral values. In effect, we are |
interpreting (31.1) and (32.1) as a system which is précisely‘CﬁESH/CRETH at
'cé—ofdinates corre5pohding to the chosen central values of the sharés S; and
Wj, but which elsewhere ‘is to be regﬁrded'aé an approximation to thg

CRESH/CRETH system. Under the assumption of cbnstant shares,
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(Si.l) and (32.1) can be rewritten in sfochastic form as

(33.1)

Yy, = A'® 1)gp, + (v B'® 1)E,, * C Py + Y4 |
oT.
(33.11) ye = Lae v ¥y Y BB T OB
and
@) g, - D@e DeGla, + [ D@6 N+ I

S DI,

or |
(83.21) Xy = N * FF v IR 7 L

where no time ‘subscripts are required on the matrices L, M, g,'g and

1{a}
lo

I. The appended vectors U, y£ are the zero mean additive disturbances.

Each of the elements of the matrices L, and I is a

1t

n=
@1
ug
(0]

highiy non-linear  function of the parameters h., j =1, ..., M, k.,
i=1, 5.;, N. Having decided to fix the values of the §; and Wj for all
i and j, we can know the exp11c1t numerlcal form of these functions. How-
ever, withgut further simplifications, the chances fpr_successful estimétion
- of the hj and ki_would seem to bg small. We propose, theréfore, at each-
round of our estimation procgdure, to treat not only the Si and Wj as known
constants but al;o'the S; and W; . We wiil make a provisionél guess of

~ the values of hj’ ki-. -This will engble us to make a proﬁisional calcula-

" tion of the s;,"wg (see (19) and (21)).0

1. After obtaining estimates for thé'h , k. based on our provisional values for
the S¥, W¥, we will update our estimates of S* and W* and re-estimate

1terat1ve1y till convergence (hopefullyl) is achleved
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While it is true that even with the S;, W; treated as known constants,

the elements of L, M, C, N, g and [ are still non-linear functions of

the parameters hj and ki’ we do not expect these remaining non-linearities

to present major COmputational difficulties.

We propose to use Wymer's RESIMUL package for the estimation

- of (33.1) and (33.2) by full information maximum likelihood (FIML).l

- RESTMUL .is well suited to handle constraints, linear and non-linear, among

the elements of the reduced form coefficients. In our proposed application,

 the reduced form coefficient matrices L, M, g of (33.1') and N, £ and [ of

(33.2') contain respective totals of N(M - M*), NM*.'Nz; M - M*)z; (M - M*yM*
and (M - M*IN coefficients.. If M=17, M* = 2 and'N =4 ; the total.
number of reducgd form cosfficients is 99. Each of the 99 coeff1c1ents is
determined by thé va1ues of the N + M (= 11) parameters hj’ ki. The 88
coﬁsfrainfs which will be impgsed on the estimates of the 99 values of the
reduced fofm éoefficients-afe implied By.equations {(30.3), t30.4), (30.5]

» € N, g and I

He=
=

3y

(31.2), (32.2), (32.3), (32.4) ana'the_definitions of

implicit in (33.1') and (33.21).2

4.1 Serial Propefties

In the reduced form (33.1'), {33.2'), the.variables are all

. -differentials of logarithms. . .Operationally we propose'to use the simplest =~

discrete analogue; i.e., d log (at) is replaced by [(at - af—l)/ét]

1. C. Rv Wymer, Computer Programs : Re51mu1 Manual, London Schonl of
Economics, 1973 (mimeo), pp. 25.

2.  Wymer's RESIMUL package requires each coefficient in the linear
reduced form to be explicitly wrltten as a differentiable function
of the structural form parameters. ~This constitutes the maj or
task in coding a problem for RESIMUL.



b : ' _ 39,

& |

It is difficult to specify, a priori, to which version
of the CRESH/CRETH equation set it would be most reasonable to append
white noise errors. In any.case, the mapping of the serial proﬁertiés
of the CRESH/CRETH sysiem as we move from levels to differentigl changes

] to discrete annual percentage changes is obviously very complicated.

Therefore we opt, provisionally, for the simplest'alternétive. If we
define
. . At = . "'" -',T
(34) el o= @y
where g% s g% are the disturbanceterms in the discrete analogues of

(33.1*) and (33.2'), we assume that

s

(35.1) € ~ N@©, L) ., for all t ;
] and
(35.2) , . EB(e g, r) ' - g foxrt#t

‘Failure, ex post, of this assumption may require transformation of {(33.1")

and (33.2') prior to estimation.
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5. CONCLUSION

Since the work done by Powell and Gruen 'in the mid—1960's,1
.the only multi-product model Qf Australian agriculture recognising joint
production to emerge has.béenrthe Uﬁivarsity of New England's highly
disaggregated (aﬁd therefore very ambitious) Aggregative Progfamming '
Model of Australian Agriculture (APMAA),z Oﬁr-CRESH/CRETH framework
constifutes'an improvement over the earlier work'of.Powell and Gfuen in
that input demands are treated simultanéogsly with product supplies and
'iﬁ the degrée of consistency in the théoretical specificatioﬁ of the ﬁodel.
In particular, whereas under the CET'épecification adopted bf Powell and
Gruen, transformation elastiéities Tij woﬁld under'a'stfiﬁf interpretation
of the CET framework be constrained to equality for all pairs of products,
-under_CRETH this difficulty is avoided; Also, the basis for disaggrega-
tion and thé quality of the data c0ntemp1ated.for use witﬁ CRESH/CRETH
hépefully are both superior to the national aggregate data used in the

earlier study.

TheiAPMAA study has the advantage of a gxeat deal of regional
detail, consisting of a set of approximatély.SOO regional rep?ésentative'
farms for each of which a complete activity analysis linear prograﬁming
framework is defelopéd; In fefms of regional and microeéonomic detail,
th¢ APMAA study covers territory not to be attempted iﬁ'bur CRESH/CRETHi

study.  Because at the level of microeconomic detail modelled in APMAA

1. Powell and Gruen, 'The Estimation of Production Frontiers," op. cit.

2, John R. Monypehny, "APMAA '74 : Model, Algorithm, Testing and Applica-
: tion," APMAA Report No. 7, Department of Agricultural Economics and
Business Management, University of New England, November, 1975.
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it is possible to distinguish several inputs which are fixed in the

short- -run, a more detalled picture of factor fixity and bottlenecks

can be built up than is p0551b1e in the context of our treatment 1nvolv1ng
only two fixed factors. Moreover, the APMAA framework has the advantage

of generating ehadow prices on each of the fixed factors distinguished,

On the debit side,.the APMAA modei.does_not yet have linkages
with the economy at 1arge, whilst its linear structure gives a much'lessr
convincing story for input substitution and product transformation than
does CRESH/CRETH. Further, because the analysis of aggregate'suppiy.in
APMAA involves simultaneous solution of all 500 representatlve farm
programmes, its use for aggregate supply ana1y51s is likely to be extremely
costly and cumbersome. Thus 1t is likely that APMAA will be used malnly

for analysis of regional issues.

Unresolved in the Powell and Gruen study was the question of -
specifying and estimating an investment function in agriculture.-1 This
issue has also been side—stepped'in the current paper, although

estimates of shadow prices on capital and land would fit naturally'into
p Q, P

"a theory of investment andrmay in fact have an important role to play in the

econometric estimation of an aggregate investment function for Australian

agriculture. Certainly, in the ORANI module investment takes place in

. response to the gap between the shadow prices QZ and the supply price of

investment capital in agriculture. _The econometrics of this relationship

will be taken up in later work.

1. Powell and Gruen, "Problems in Aggregate Agrlcultural Supply Analysis,"
op. cit., p: 199



