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INTRODUCTION

The usetTulness of empirical analysis of agriculturasl
technology &35 besen greatly enhanced by the wuse of Tlexible
functional forms. based on cost o profit relationshics rather

hian production functions. An important azsumption underlying most
cost function applications 1is that 311 inputs ares 1ir static
eguilibrium, according to marginal productivity pricing. This
maintained hyocothesis 1is wvery restrictivs, especially Tor the
agricultural sector,., szsince certain inputsz cannot be fresesly varisd
within the single pericd of observation. [Brown and Christensen,
1281 ; Mahé and Rainelli, 1987: Boutities and al.. 1937 : Guyomard
and Vermersch, 1%37]. So, in this paper., w= devslop a szhort run
Hicksian eguilibrium model : only the variable inputs fully adjust
to their cost minimizing levels., whil=s the gquasi-Tixed inputs

remalin fix=d.

We first provide & complets characterization of the
thecretical short run Hicksianm model, while paying close attention
to the underlying assumptions (especially the assumpticons of
convexity of the restricted cost Tfunction in its arguments :
variable input prices, quasi-fixed input levsls, producticn level)
and to the description of tha different theoretical possible
cauilibria (short run and long run Hicksian equilibria, short run
and long run Marshallian equilibria) given knowledge of short run

snvironment.

Following Lau {(1576) and reworking 3Sakai's decomposition
(1%74), we devalopo and analytical Tramework which allows to infer
the long run compensated demand Turnctions, the short run and long
rurn uncompansated Zesmand and supsly) Tunctions, Trom the short

run icksian =saquilibrium. In ordser to uwuse thiszs methodology,

(i8]



sufficisnt curvature restricticns, which are not neces:zary
verifisd at short run Hicksian squilibrium, ars imposed : strict

y of the restricted cost Tunction with respsct to. the
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xed factors, these output, the gquaszi-fixed input

quasi-T

output. respectively.

= n
2gical charactzsristicz of ths Franch
1

ord

careal sector. The study wil use the restricted translog cost
function, estimated by uwusing a2 sample of farm accounts [(n = 202)
rslated to the year 1581, and will emphasize :

- =substitution possibilities. own and c<crosz-price elasticities,
ecoromies of scale in the short run and 1in the long run
eguilibria.

- shadow pricss and optimal guantities of fixed inputz (family

=
labor and land).
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the =zimultanecus gquassi-Tixity oFf two 1inputs : land and Tamily
Labor.rThis application is attractive because the assumption of

prium Wwith reszspect to theze Tactors has besn

ez OF
(o8

long rmun static =gui

2t length questioned for Franch agriculturs in the postwar ceriod.
We illustrate the theoretical reslaticonships presented in section 2
Tor this particular cass : two aquasi-fixed fTators and a restrictsd
translog cost function.
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1. A characterizaticn or the r=

We cconsider a Tirm which uses M + N inputs (:1,-.. 2 0 1

S T =T 1~ B = 0, 2 £ © at prices (Dx, g 1 to produces ocne

]
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output Y, ¥ 2 0. Thes production possibilitiss set. Y. is zupposed

to have the following praopertizsz :

fal Y iz closed and non-=mpty

(ii} if ¥y = & then x # 0

{iii) Tor =311 (x; ¥ 2) = ¥, iT x { ¥ arnd 2 ¢ ® then ¥ { ®©

(iwv) Thers is fr2e disposal of inputs and output ;3 i.e, Tfor all
(x, v, 2) € ¥, the production plan (x', ¥'. 2°) such that :
[x* 2 x 2" 22 5 ¥° £ y) is possipls; j.&

{%x'sz ¥'5 2°) & ¥
(

(v) Xz, ») = Ix 3 €xs, ¥, 2) = ¥]) 45 convax.

The r=strictaed cost function iz then defined by

m

CR (px, v 23 = N el o X 5 X Xilys 2491 i)
b 4

With a sfrictly positive input prices wveactor Dx, nypcothesis
(i} ensur=s the =axistence of CR (px, Ys 2) = TFurthermore. CR
(DX,Y,Z) is non—-negative, positive whiern ¥ is non-zerao,
non-decreasing, positively linear homogansous, concave and

continuous in Dx [Mac Faddzn, 1S72, p.11].

It is also possible to show that property (iv) implies that
CRipx, ¥y,2) 1is non-decreasins in y and non-increasing in =z
(Guyomard and Varmersch,1982). In addition. undsr the convexity
hypothiesis (v) of the section Xi{y,z) of Y, the knowlasdge of the
restricted cost function CR (DX, Y. Z) 13 suffticient to describe,
in an =xhaustive manner, the shcort run Hickslan technology which
iz emploved (i!. Finaliy, duality rssults state that :

x

¥ (yv,23 = Ix 2 & 53 p. . =2 R (o . ¥ z), Tor all strictly

positive Dx] = Xlv.29 {z)

=~



Finally, assuming e restricted ceost fTunction CR li< oy Bd
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is twice dirTer=n to input orices, the

derivative propertizs ars:

- Srtephard’s lemma r=laztes CR [pv. y .2) and the cost minimizing

input demaind Tunctions throught its parzizl derivativesz :

3 Ccr/ Jot = x_ (B, v,2) ne3 o M (3)
- The following Hessian matrix is symmetric, negative
szmi—-detTinits, and of rank N-1 :

o N

5
]
-

X 3

2 x
S =[0"crR/3Ip, 3p_ ]
=, P X
4 X n N .

Finally, under the assumption of differentiability <f CR {Dx,
¥, =) with respect to the quasi-fix=sd inputs and to the output, it

is convenisnt to define the total Hesszian matrix :

i z ¥ z
= o p. 2 =1
¢ X X X
z & o
Z _ sz 22 ZY
Z; 2 &
ypx Yz W J

ot

and the
X E is
(=]
X X

stirictions on the

S

[t

n

Th=2 propertizss of the production possibilitis

[

twice differentiability of CR(.) imply that the matr

W

negative semi-d=7tinite. They do not impiy

submatricss E;z and .
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= Inferring dirrearent thecretical sequilibriums rirom the

restricted cost funcrtion.

The restrictsd (or wvariable) cost Tunction, corr=sszoconding ¢
the programm cf minimizing the cost of s3ome subset of the inputs
subject to the choic= oT th=2 iremaining inputs, provices =2
functional characterization oT the technoloay at short run
Hicksian eguilibrium. Particulariy, 1t iz possible o calculiate
the short run Hicksian price =zlasticities ofFf demand, for =2

variable fTactor :

In long run Hicksian equilibrium,. the total cost function may

be written as :

e [px, pz,v)

Il
x =
P
N3

Min [ CR (px, Zs ¥) P & 3 ¥ =T (%) ]

z
2

W -

= CR (px, z (b, 35 ¥}s ¥} #+p_, 2 ()
The octimal long run Hickzian 1l1l=2vel of tre input zm

% 2 -t : = < .

m= 1...M, is d=fined as zm tpx, p_. vil. The total cost Tunction
is obtained by Tirst mirnimizing the restrictsd cos Tunction

conditional upon the level of 2z : and then minimizing total costs
with respect to =z. ~olding the wvariabls i-puts at their short

run Hicksian ia2vels xh (px, z.¥). A sufficient condition to use



thiz two-step decision ruls is that the restrictad cost function
=

cR i strictly =sonvex in =z [(in a domain which includes the
observed and cocptimal long run Hicksian levels of the inputs =z 1
]
.l - » & = - - o, .
that is trh= metrix ) o LS positive definite in this Jdomain. So, it
——

iz sufrfticient to add the property oFf strictly convexity of the

reztricted cost Tunction in zm «am = 1,...s M, 1T we want toc infar
the lorg run Hicksian characteristics of the tzchnology from the
whnowledge <f the only resztricted cost function CR (2). For
example, the output-constant prics elasticitiss of demand, or

Hicksian price elasticities, can be derivsed from the restricted

cost function and are conditional upor the optimal quantity
-k

M

(e, £_, y). These eslasticities include both pure substitution

and =xpansion =7Tfects, invelved by cuasi-fixed factor variations.

-k - }
23 s = 5] Log x f < Log D
nn n X . .
By Bos ¥ i #n
.. z
3
i 1
= S : |
= d Log X (z'., ¥) / Jd Log @ " A
n” B g 25 ¥
x:
i

™ -~
+ ) 3dLog x {;h, vy)/ 8Log z_ . OdLog z. / 3Leg p
m=1 m m X
D s, ¥
X . 2
i
(7a]

ble Toi~

ot

The generzslization of this Jdecompozition work is poss

a2ll thecrestical possicls =2quilibria : short run arnd L1ong run
Alcocxksizan =squilibris, short run and long run Marzshallian
ezuiliiporia, and i5s summariz=dJd in table X Thie long run

Marshallian situation., not necsssarily achisved by the observed

technology, can o2 acproached by thrse sguivalesnt ways : =ithesr by



cost minimization with resgect to z given ¥y and then by profit
maximization with respect to ¥ ;3 or 2y profit maximizzation with
respect to ¥y given z and then by coast minimization with respect to
2, or by profit maximization with r2spsct to z and to ¥v. In order
to infer the different possible equilibriums Trom the short run
Hicksian equilibriums, thes restricted cost function must wverify

the following sufficient curvature restrictions (3) :

—
= zzq[z') must be positive definites to infer the long
run Hicksian demand equations from the short run Hicksian demand

equations.

= Z;Y(Y) must be rpositive definite to infer the Marshallian
short run demand =quations from the Hicksian short run demand

ecquations.

m m
L0z sy ) F (27

- must be positive definite to
Zy z™,»™ X, SR
z i Y 4
inTer the Marshallian demand equations Trom the Hickzian short run

demand equations.

For example,under the aszumption of =ztrict convexity of the
restricted cost function CR (px,y,z] with respect to z and ¥y, the
long run Marshallian demand function <o7F factor xn may be writtasn

as =



m
{ s P.s B.)
N X Z Y
i —+ m in 5
— { 5 = ( S w M s Bl Fe ¥ (P B . i 4
o Py PR (FarP ) < FatPy 3) (4]
- m m
= (g 27 (BsB w6 e ¥ B s 2 (B P B Y B 3] (5]
n z g T X = W
== m m o, &
= x_ oo 2 {p p_ s ) ¥ (P r_.0 )) (el
n X X = 4 ¥ 2 ~

cr
0

Before piroce2eding to the =smpirical szction, 1t is useful
express [4], [5])] and [&] in terms of price el=asticities of
demand. For examples, using the decomposition [4]. the long run

Marshillian elasticities matrix may be wicritt=n as :

™.
- =
£ = [«
[ef .1 =10 ] 1 A
+ anm] Izmn] f B
+ [x - Lzmll Lflm]
C
3 : | 7
4 [xnll {yan [7p]
where :
fx ] = [0 Los x [;h (v™, vy™ / 3 tog =z ) (N x M)
nn m
- — I
{z 1=093L23z'(y™ /7 3 Log b ] (M x M)
mn m X
n
—+ =
E:m,} = [ 9 Log zg (y™) /7 3 Los ¥ 1 (M x 1)

0



[v. 1 =093 Log y" / @ Log p ] {1 x N)
im Xna

[xnl

d
i

[ 8 Log ;; (;h (v™, vy™ / 3 Log ¥ ] (N x 1)

Theretore, the total changs in x , in response to 3 change in

m
n
Dx ., may be decomposed into three sffects :

N

- a pure substitution effect along the old iscaguant : A

- an expansion effect due to the quasi-fixed factors wvariation
until the Hicksian optimal level : B

- an expansion effect due to the chang=s in thes output level along

the new =xpansion path associated with inputs prices : C.

-

. The econcmetiric modsl

In this section, w= describe the econometric model used to
characterize the structure of French cereal s=ctor : the data
concern a cross—-section of farms. We specity a translog
functicnal form for the restricted cost Tunction with an additive

= £ s
arror term cT (4)

10



l ¥
Lin €R fvp.. 2.3 = a8 4+ & €Ln ¥) ¢+ — &, (LA 9317
3 < a7 = 2
[ i 4 4
+ Y e. (Lnp.} + = 2 2 d.. (Lbn p.) (Ln p.)
& 2 s . 13 i 3
i=1 i=1 3=1
= T 2 z
+ ) 1 (Ln zh) +z ¥ D Stk Ll zh} (Aot Zk) -+
h=1 € h=1 k=1
4 z
B & (4) E
'z % ki, noeg) (Lnoz ) + & o [e]
i=1 k=1

whers CR is restricted cost ; y 1s output : p_. are variable input
and oil. Tertilizer., capital, hired labor ; zj

i
ars the quasi-fixed inputs : family labor and land.

Without 1loss of generality, symmetry is imposed on  ths

param=tars dij and ghk' Shephard’s lemma givss the cost shars

squations, on which we add a disturbance term, €., to reflect

38

errors in optimization :

4 2
= f = + —_— j - L €. o
M p; x;/ CR 4 _Z d;; (bn P3) +hz Kip(tn 2,) + & (=]
Jj=1 m=1
1 = 15 2; 33 &

11
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- b N - - - - . - -
By construction, )}, M. = 1. This additivity constraint implies :

e
)

b

,_____
I8 1R
x
i
o
§

Symmetry and additivity constraints ensur= the theorstical

i~estriction of homogeneity of degree one in inputs price=s.

The set of zauaticns [8] and [9] will be used to estimate the
parametersz of CR, from which the short run Hicksian price

elesticities of demand will be derived :

m
L

Q
+

M. M. £ M
i 3 i
Vis Vi, 3 » i

EX! = (d.. + M = M.) / M.
E 1 5 & 1

By solving equations [(10] with respect to the aqauasi-fixed
Tactors and using the procedure developped by Brown and
Christensen [1981, D Z12-2143; we can compute the 1long run

Hicksian pric=s elasticities of demand. not only for =2 wvariable

factor [xn, n = 1...N)}, but also Tor 2 quasi-fixsd fTactor {zm, m =
1...M3.
Jd CcR (px, 2,%] 78 z +p, =10 i = LewseM [10]
]
m
In the most r=cent =studies, only on=s auasi-fixsed Tzctor is
considsred [Brown and Christsnsen, 1%381 ; Halvorsen =z=nd 3Smith

19856; Squires, 1987]. For the speciric case with two



quasi-fixed inputs, and zEssuming that the
positive definite, we obtain the Tollowing
long run Hicksian price elasticities (3).
{ 1 =
gbTeld _gCT | ta/m, ) (aG4, 5) /B h.Kk))
L 13 i
_LT{nJ F c
e=TU) (M /My (C(i. Rl kI B(h,K))
i ko i
T g
g=TARd L B td, By kI B (h,aD
hi
_LT(h) ’ ’
“hi == M (e * Mo B 7 B (hsk)
LT B z ;
E = + - ;
Bk Hh {gkk mk r-1kl £ B (h,K)
= e K :‘]"l
Mh =< R By fCR Ay, _, 2 )
| |
(1 =- z FCR s z )
K Dk I FifL e ¥ Dx,
Ali,35) ={M, M+ kikJ[(ghh W = mhl{m. .
H } ¢ 1
{ghk + Hk' Mh,{Mj Mh + kjh), +
M. M k. M= - M
. bt Rin? U * 0, = BN,
(ghk + Mk mhltmj Mk + kjk)3
Blh.k) =( M2 ) - )
WRekd =88 ¥ e = Bt A8+ By =M =
& 13; hisk) = [gkk + My - MkaML Mh
i and jJ refer -5 a variazbls Tactaor
h and kK refer to 2 quasi-tixed factor.

(B
(n

h

M

- =

2] 3
L. G
i for the
k)
h] -

12
Hh 'Mk'
’. o
k.(MiMki- kik,



Qutside the long run Hicksian coptimum, the shadcow price (or
dual price) for sach quasi-fixed factor can be s=valuated as

o) = - [ 8 cCr (-)/sz] Cas)

If the =x-post =zhadow price and the ex-aznts coserved prics of

a 4auasi-Tixed Tactor are egual. then the actual ievel z

.- - - 5 I
corresponds te the long run Hicksian level zm. Morecover, the

10

concept oT shadow price allows us to charactsrize, in a dual and

simple way, the disequilibrium induced £y fixity. [Kulatilaka.
1$235). Indeed, assuming that the restricted cost function is
strictly convex in zm, m = 1...M; it is =asy to show [Guyomard,

Vermersch, 1¢37].

= =
) s o — 2z £ 2
z z m m
m m
*
e = o L ;h 2 2
z = m m
m m
Finally, a measur=s of short run returns to scale can Lke
defined as :
EcH°! = [ @ LnCR /£ 9 Ln y1™ 1 | (12)

Caves, Christensen and Swanson [(1%£1], followed by Halvorsen
and Smith (198861, sugsast a diff=r=nt measures which takas
into account not only chengss oF the variable inputs but als=o
changes of the quasi-fixed inputs

™M

EcH” = [1 - ¥ (9 Ln ¢R/3 Ln z_)1/[3 Ln CR/3 Ln ¥] 2 (137
m=1 X

]



Thi=s measzur=s doesn’t reporesent rsturnse ta scale aiong the
zxpansion path wheres to S

E
cutput and generally Jitfers Trom 2 long run measurs as

LT : e . -1 5
ECH = [ Lh €T / O Ln y] {1473
p t D_’
~ -
; s D - i ; .
Howswver, =CH 2t ECH gives =qaual measurss of r=turns to
scale at the long run Ficksian eguilibrium [Suvomard., Vermersch,

Al

1987]. Consequently, considering the rastrictzsd cost function
H

()

&
and the cptimal long-run icksian lev=ls =z , it iz possibls t

infer :

LT

ECH = {1 - (8 LNCR (?")/ d Ln sz];'Ea Ln CR (:_h);‘al_n v

= | X
{15]

ol

e~

4. ODate and =mpirical resuaits

The model 1is estimated using data Trom a :zample of farm

accounts (n = 208) related to the year 1931 ; Tor each farm the

cerezl production reprezents at least =ighty percsnt of the total

prroduction. Four wvariable input

(1]

two qguasi-Tix=ed factors ar

n
]
o
(o}

=

taken into account : the model is specifizsd with prices for Tue
and o0il, Tertilizers, capital and hired labor ; acr=sage wunder
cuitivation and Tamily labor are includec 2s fixed inputs. For the
capital input, it is assum=d that the service fTlow Trom the stock
oTf capital is proportional to this stock a2nd just like in Dormont
and Sevestre (198€) the user cost of capital iz onhly the apparsasnt
interest rate. The level of cutput iz measured by casn sales and

variables costs are defined az the wvalue of wvariable inputs : the



factor shar=s are cocnly the wvaluss of thiz inputs divided by the

~estricted cost.

The resztricted cost Tunction 1is Jjointly estimated with the
cost share eqgquatiocns which sum to unity : =0, one of them 1is
dropped. The system of ecauations 1is sstimatsd by the maximum
lik=lihcod method whose corresponding eztimates ars invariant to

choicse of deleted eauation [Bartasn, 1969].

The param=ter estimates for ths final form of the model ar=s
shown 1in table 2 together wibth their estimated standard errors.
For each point, the estimated cost shares are positive and the
concavity of the restricted cost function in inputs prices is
verified at the sample average. if zh and zk reoresent
respectively the levels of fTamily lsbor and land., =2t the sample
average, the fitted cost function 13 convex 1in zh and concave in
2z : the wrong =sign of paramster fk is pirobably derived from

K
multicclliinearity betweesn zk and y. the level oF output. However,

fk is reestimated by a oroduction Tunction model relating v
(the level of output) to 2, (the level of the aquasi-fixed factor),
in order to solve the optimal level EE : in this case,. the

multiceollinearity problems are replaced by simultaneity problems.

Estimates of short run Hicksian pirice elasticities of demand,
evaluated at sample average, are shown 1in table 3 with their
estimated t ratios. Except Tor hired labor, all the estimated
own—price =2lasticitiez ares significant at the 5 % level. Demands
for energy and capital are the mozt price-responsive ; signifticant
short run net substitution possibilities between capitazl and hired
labor, capital and fertilizars ars found. At the sameple averages,
ECH = 2,63 : this figure may be viswsd as too high but

multicollinearity problems or omitted rTactors can distort this

]

t with other measures

b
n
cr

b
w

result. Neverthelesss, the r=sult is cons

of returns to scale based on a total cost function where all

186



inputs ares variable [Boutitie and al., 1%27] : both studiss show

that there are =zcale economies.

Assuming that observed levels of dSuasi-Tixsed factors, are
long run Hicksian levels, estimates of long run price elasticities
of demand ar= showrn in table 4 : these are consist=ent with Le
Chatelier principle. Long run net substitution possicilities
appsar between family labor and hirsd labor, familrs labor and

capital, land 2nd ensrgy, land and capiital, langd and T=rtilizers.

Table 5 shows the long run Hicksian price elasticities in the
cas= whers only Tixity of land is relaxed : the pirevious relations
of substituability with land 2alsc app=ar. The long run Hic
price elasticities of demand in the case where the two cons
upon family labor and land can be r=zlaxed ars =hown in table 6.
These two last long run Hicksian price elasticities (tablzs:z 5 and
6) can’t be compared, in the wview of the L& Chateslisr princicle,
with the previous short run Hicksian oricsz elasticities, becauss,

f

in =ach case, the point of approximation is dif

In order to =valuate thes importance of taking into account ths
quasi-Tixity of some inputs, we alsc estimated a translog total
cost Tunction with only Tour inputs : Tuel and cil, capitzl, hiresed

latcor and ferti zers. It is inter=ssting to rnote the relationships

15
between the elasticities i short U anag ilona run Hicksian
a2

sticities) derived from the resstricted cost functicn and those
would be provided by 2 cost function including only th= variables
inputs. If the [(xi},[:j)] production fTunction w=sazk separz=bility
is valid (6), the elasticities estimated with the la=t mocdel would

reTlect net substitution elasticities, i.e. along a four inputs

et
~J



isoquant. Thersfors, they would be upward biaised =stimates of net

long run =2lasticities calculated aslong a =ix inputs 1isoguant.

Following Berndt and Wood (1979 it is possible to =svaluate this

upward biais using the following =auality.

fh(CVJ

= J Log xh / @ Log o
mn n X

n’ly

d Log <" 7 8 Log p
M X 9

g ' v

+ [0 Log x: /9 Log v. @ Log v/ 9 Log - d Log e,/ d Log P

where v (respectively DV) iz the output (rezpesctively the price)

oT the wesakly separable subtunction (xi];i —— ¢ (R
N § . ) BIEV)

Since the terms 1in brackets 1i1s negativs, £ R is alwavs
. hiCcT4) h ; ok .
interior to Enn’ = < Log xr / 9 Log Dx LR Empirically

] . ¥

n
this inseguality is re=j=scted by the data for only twcoc out of the

sixteen case= (tables & and 7).

It is not possible to compare, analytically and theorstically,
the short run Hicksian elasticity of demand derived from the six
inpouts restrictsd cost Tunction and the long run Hicksian
slasticity of demand calculated with th= four inputs total <cost
Tfunction. This mainly comes from the fact that., in both casss, the
ooint of approximation iz difterent and the second term B in
sauation [7a)] may be either positive or negative. Ncte that some
variable inputs (Tor example seedszs) are not included in the model

because no mesure of unit price could be computed Trom the

availabls date. Az a r=sult, even 1if these inputs ars weakly

n



secarable from the others, all the =slasticity =stimates would bs

upward biaized for the same resascocn 2s betore.

Finally, the long run measur=s of r=turns to scale give :

ECHL; (z., =z, (2.)) = 3.59
h S H
ger=T (27, 2% ) = 4.08

h k

where h corresponds to family labor and kK to larnd.

(8]
=
w
0O
n
'—l
(10

So, at the sample average, thers exists economies

whatever measurs you utilize.

Conciwuding remarks

The use of a restricted cost Tunction permits the estimation
ot the characteristics of the French cereal technology in &
framework of short run static Hicksian egquilibrium. 3Significant
short run n=t substitution possibilities between capital and hired
laoor, capital and fsrtilizers are found. Morsover, at thzs sample

averages,., technoleogy exhibits positive sconcmies of scale.

Trhie use of a restricted cost function allows alzc the
charagctsrization oF ths other theoretical posszible eguilibris
(long run Hicksian equilibrium, short run and long run Marszshallian
2quiiibria). under the sufficient assumptions of sctrict convexity

of the function CR in zhiyl {long run Hicksian d=mand o7 the

19



L

guasi-fixed inputs), in ¥ (z) (short run Marshallizn supply of the
. m m o

output), and in z =t ¥ (leng run Marshallian d=mand of the

auasi-fix=ad inputs and long run Marshallian supply of the output),

irespectively.

Practiczslly, the data usesd in this study mak e possible to
infer the characteristics concerning conly the long run Hicksian
equilibrium. The Tfixity hypothiesis of family labor and land can

b= relaxed a2nd some insights= on long run Hicksian pric

h

18
-

asticities of demand ar=s derived : input substituability is

still valid in the long run.

The restricted cost function can also be used to =valuate
others characteristics of the short run Hicksian technology. It is
especially efficient to measure the capacity utilization that has
an explicit economic thecretical foundation, and to calculate the
capacity output elasticitiss with respsct to input prices. The
methodology wussed 1in this paper and the theoretical works of
Morrison ([1%85, 1536] offer a Truitful approach for further

ressairrch in this area.



Tabl= L, Charactsrization

2 =
[SE L —

equilibriums from

CR (P Zs ¥
X

minimization of th

CR

SHORT~-RUN

~

sufficient condition

strict convexitv of CR in z
Min [CRC.Y +p" =zZ) €22
z z
minimization of the total
cost function
v

CT( §
Px Pz

LONG-RUN. HICKSIAN EZQUILIBRIUM

kinowledge of

e .
X

HICKSILAN

of the different thecretical
the onliy restricted cost Tunction
e restricted cost function

T, v 2 C1>

EQUILIBRIUM [SRHE]

sufficient condition

strict convexitity of CR in ¥y
Max Tpy —-CRC. >} (3>

v

maximization of the

restricted profit function

RRCp .
x

\ SHORT-RUN MARSHALLTIAN

[LLRHE] v [ SEME]
sufficient condition of strict convexity
of CR in z and in ¥
max [ py=-CRC: >—p 7 =]
Z. ¥ z
sufficient condition sufficient condition :
strict convexitvy of CR in ¥ strict convexity of CR in z
{strict convexity of CT in y> (strict concavity of TR in
“h . h -m ” =
max [py = CRCzZ J)=p zZ1{(4)D Min LCRCY 2 +p z] €5
v z z =
. : “m Tm
= max [py - CTI <+ 2 = max [p v (. =CR(y (.J3)=p z]
v v z / z
maximization of the btotal profit functition
T <p_, p p
X z v
LONG-RUN MARSHALLIAN EQUILIBRIUM [LRMEI

EQUILIBRIUM

z)



2. Param=ter

estimates

Standard
rarametsr Estimate errot
a5 12. 145 0.035
2, C.37% 0.121
a, 0. 055 5 5 17
<, 0. 109 O.004
<5 0. 306 8.021
€5 D.1359 C.013
. 0.0z27 .
dll 8.0 0.015
dlﬁ - Q. 026 0.007
d13 - Q. 022 Q.a1y
d,‘2 0. 107 C.018
2
«:!_23 0.002 0.018
d°¢ - 0.084 D0.015
d?d ~ 0.081 0.031
o {88 G.10% 0.033
I3
daa 0.145 0. 03¢
f1 = @. 37 0.08&8&
f2 0.730C 0.144
944 - 0.0230 0.1386
&, . 0.011 0. 204
i 3574
Sos — B. 228 0.311
k . D04 0.100
11 (] 10
K, - = 0. 002 0.00%
32
k”l 0.0353 C.0z%
S J.034 0. 025
_—a
- 0.09%! 033
k31 0. 095 0.03
kK O.00% 0.3830

(N
N

Mo
N




Table s

Short

run Hicksian

svazluated at sample averags,

zZ, and z
(N}

prics

a2lasticities of

'
X o

Tamily

labor-, X =2

orice fu=l and capital Firsd fertili-
oil labaor Zers
gquantity
fusl and - 0.638 Q- 075 - D.065% 0.528
oil (4.63) (1.24) (G.52) (4.53)
capital 0.Czé - 0. 344 0.145 G.173
(1.24) (6.638) (3.91) (2.98)
hi;gfr - 0.051 0.321 -~ D.136 0.135
(0.82) {(3.91) (0.586) (0.8)
fertilizers 0. 153 0.118 - 0.04z -0.23
(4.53) (2.38) (0.8) (z.65)

]
]

demand,



Takble 4. Long run Hicksian price elasticities of demand, =valuatsd
at sample average z, and zk : family labor, Kk capital)
il
price fuel and capital hired Tertili- family
. land
oil labor zZers labtor
quantity
Tusl and - 0.70a -0.047 -0. 15 0.307 0.119 0.4GZ
o1k
capital - 0.01¢8 -0.42% 0.065 -0.022 0.130 0.z63
hired - 0.12% 0.144 -0.496 —~0.337 0.%61 0. 143
labor
fertilizers 0.075 -0.015 -0.105 -0.4624 -0.033 0.718
family labor 0.034 0.13% 0.355 -0.047 -1.0%= 0.8&4
land 0.170 0.262 -0.063 1. 25 0.763 -2.14




Table 5. Long run

Hicksian

a2valuated at sample average,

prics

N
z, and z
mn

k

elasticities oT demand,

(h : Tamily labor. k :land)

orice fuel and capital hired fertili- land
211 iabor zZers
auantity
Tuel and - $.734 - 0.1%2 - 0.235 Q.228 C.85
oil
capital - D.07 - 0.60s 0. 012 ~-0.22 0.37
L e - 0.156 0.030 - D.283 - G.575 0.%5e6
labor
fertilizers 0. 05 - 0.15 - 0.138 - 0.863 0.8%95
land 0.013 0.03s 0.018 0.054 =0.11%

n
o



Table 6. Long run Hicksian prics elasticities of demand,
evaluated at zample average, et ;2 : family labor, k : land)
price fuel and capital nired fertili—- family
= landg
oil labor Zers labor
guantity
fusl and - D.734 =0.175 -0.247 0.256 0.013 0. 8586
oil
capital - 0.06 -0.545 -0.16 -0.11% 0.04 0.859
DS IEE - 0.193 ~D.3% 0.845 -1.13 -0.244 1.10
labor
fertilizers 0.06 -0.0382 -0. 368 -0, 521 0.044 0. 3¢
family labor 0.066 0.537 -1.61 0, %4 0.35 -0.34
land 0.011 g.031 0.018 0.045 —8.410—4 -0. 105




Table 7. Long run Hicksian price =slasticities of demand, =valuated

at sample avera with a four inputs total cost.

orice fuel and capital hired fertili-

(W
*
ot
™
[
o
(0]
3
N
]
5
i

auantity

fusl and oii -0.£5 o0.18 ~0.12 C. &0
capital G.07 =0..61 0.34 0.20
hir=sd labor ~0.10 0.71 0.00&s3 =0, 63
fertilizers 0.14 8.13 ~-0. 19 -0.G8




NOTES

@
b |
[wh
;|
{1
Q

(1) The Hicksian short run technology, at level zo, carn be d

¥3.

by : Y= [(x.7) 3 (x, ¥, ZD)

(2) By direct application of the r=lationships between ths Hessian
matrices of CR and CT &t the long run Hizksian eguilibrium point,

it follows [Guyomard, Verm=srsch, 1987] :

s |

9% cr(.1/ 02 = -8z 0 37 = - 8% cT 7862 ]
The concavity of the total cost function 1n all the inputs
prices impliss that the matrix C 52CT(.]/ a Di ] is negative
semi-detinite. Sc a sufficient.condition toe infer the long run
Hicksian equilibrium from the restricted cost Tunction is that the
matrix [ SZCR(.J/ a3 Ehz ] is positive definite , and =o that the

: 3 < E . 2 -h
restricted cost function is strictly convex in z .

(Z2) These sufficient conditions can be clearly proved by using the
relationships which exist betwesn thzs Hessian matrices of CR, CT.
TR et 7T at thes respective cptimum levels and by using a analogous

methocd as noted in footnots (2).

{4) A full guadratic expansion of the restrictasd cost function
arcund the approximation point would include quadratic terms for
y and zj; for y and Di' Howewvear, the likeslihood ratio test for the
hypothesis saving that the corresponding coefficients eaual zero

is not rejected at conventional l1=vel (5 %).

(5) Note that the seneralizaticn of this derivation to the case of

M (M2 3] aquasi-fixed factors 1is not straigshtforward. It 1is

28



theorstically possible to compute the short run and long run
s

- =
Marshallian price elasticities of demand {(and of supely) using the
parameters of the only restrictsd cost Tunction [Guyomard, 1923].
u

Unfortunat=sly the function CR{.) is not convex in ¥y and 3o this
calculation is ncot correct.

(&) The hypothesis that thie r=stricted cost function is
logarithmiczally zepaerable into a@ tTunction oF variatbles inputs and

quasi fixed inputs iz not rej=sctzd at =2 5 % level test bassd on

the likeshood ratio method).
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