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INTRODUCTION

The us~fulness of emDirical analysis of agriculturel

technology hes been greatly enhanced b, the use of flexible

functional f·:,rms. based on cost 01.... profit relationships rather

t~lan oroduction functions. An important assumetion underlying most

cost function applications is that aIl inputs are i~ st3tic

ta marginai productivity. pricing. This

very restrictive, especially for the

c~rtain inputs cannot be freely varied

of observation. (Brown and Christensen,

1987; Boutitie and al., 1937 Guyomard

in this paper, we develop a short run

: onlv the variable inputs fully adjust

levels, while the quasi-fixe~ inputs

a·.;cording

maintained hypothesis is

agricultural sector, since

INi thin the single: peri·,:.,j

1981 Mahé and Rainel1i,

and Vermersch, 1987]. 50,

Hicksian eQuilibrium model

ta their c':;,st minimizing

r"emain fixo:,j.

-eQuilibrium,

We first provid.: a complete cha,"acterization of the

theoretical sh'~rt run Hicksian model. while P8ying clo~e atterltion

te the underlYing assumptions (ès~eciallY the aS3umptions of

convexity of the restrictéd cost function in its arguments

variable inDut prices, quasi-fixed input levels. production level)

and to the des~ript:on of the different theoretical possible

eauilibria (short run and long run Hicksian equilibria. short run

and long run Marshallian eQuilibriaJ given knowl~dge of 3hort run

environment.

Follùwin~ Lau (lq76) and reworking 3ekai"s jecomoosition

(1974), we develoPP and analytic31 iremework which allows to infer

the long run compensated demand tun~tions, the short run and long

run uncomoensated d-emand land sup~·ly) f:-lnctions. trom thé short

run Hi~ksian equilibrium. In orde~ to use this methodolo~y,
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·.::ur\/,s ture restricticns, are not neces..s.=ry

veriti6·j at short run Hicksian ëquilibril....!m~ are imposée strict

q;..,;asi-f:XEd factors, the '=,utput, trie quasi-fixed inputs ana trlè

output. resP2ctively.

As a final o::'bj-ective, this >:"cnceptual framel....ork i =. used in

ord-:-r to a~.se33 th..:: techn·:.ol·:-gi,:;al charactëri~.tic.=. of tt-.ê Fr-=:nc-h

cèreal s-=':.tor. The st'-Jdy '..Jill use tr:e restricted translug t:ost

function, estimated bY using a sample of farrn acCOUtlts (n = 208)

related to the year 1981, and will emphasize

subs.titution p,::>ssibil:.ties4 own and cross-priee elasticitie-s,

e·.::-or.omies of

eouilibria.

seale in the short run and in the long run

shadow priees and ,=,ptimal Quantities ,')f fixed inputs (familv

labor and land).

We examine eSDecially t~.e implications ,~f taking int0 a~count

the simult.3neo:.us QUësi-fixity c·f tW'J inputs land and fami!y

l.abor. This application is attractive bêcause thê' assumpti,.:..n of

long run stetic eouilibrium with respect to these factors has been

at !ength ouestioned fer French 3griculture in the Dostwar c,~riod.

We il!uztrate the theoretical relationships presented in secti'~fl 2

for this particular cas~

translog eost function.

two ouasi-fixed rators and a r~stricted

1. A cr.·ar3cterizati'on ·:·f the r-e.5trict:?d CC":3t tunetion

We ·=onsider a firm which uses M + N inputs

• X i\!) = ~2,X), x o.

3

pricè's

;0: ,.1 xl· ...

pr·:..juco: one



output Y. y ~ O. Th~ production possibiliti~s set. Y. i5 supposee

to have the following prooerties

(i) y i5 closed and non-~mpty

(ii ) ii y ~ Ct then x ~ 1)

(iii) TOt'- aIl (x, Y. z) E: y~ if x ( -'{. and z ( .l: then y < ,'C

(iv) There i5 fr~e disposal ·~f inputs and 0utput i.e, feor a11

SLlch thaty

i.e2 X Z 2 Z y " yJ i5 Dossibl..::,

y' , z' ) E: Y

y) = [ x ( X, Y, Z ) = y) is convex.

( x • ,

( x, Y, z) .s y. the oroduc t ion !=. l an (x'

( x '

(v) X(z,

The r~stricted cost function i20 then defined bv

Cf( (p ,
x

y. Z; = Min Cp'
x

x X E: X(y, z)) (l)
x

(px,y,z) is non-negative,

non-decreasing, Dositivelv homogenëOUs,

( - ,
1,

With a strictly p·:)sitive

ensures the o:;>xistence o.)f

input priees vector

Cf5 (p, ), z)
x

positive w~len y

linear

Px' r;ypotr.esis

rurthe;-""morë. CR

is non-zero,

concave and

continuOLlS in p [t'lac Fadden;o 1978, p.l1J.
x

It is also possible to show that property (i'!) implies that

y,z1

l..Jnd-:-r the convex i ty

CR(p ,
x

( Guyc,mard and

i5 non-decreasing

Vermersch.198ZJ.

in y a:-.d

In addition.

non-increasi.ng in 2

hypothesis (v) of the section X(y,z) of Y, trIe knowlèdge of the

restri·.:ted ·.:·:>st functieon CR (p Y. 2) is sufficient to ,jescribe,
x

in an exhaustive manner. th-=- ;hcrt run Hicksian techno2.:.gy which

is ~mplcYed (1;. Finally, duality r~sults St3t~ that

~

X (y,z) = (x " 0 D
X

• X .2 CR (D
X '

y. Z' ) , i'~r 311 strictlY

positive p ) = X(y.zJ
x



Finally, assuming the restricted cost functi·)n CR (p
x

is diiiër~ntiabic with :~-=spect tû inç·ut priees. the

derivati'/e pr0D~rti~s are:

Sr,el:·r.ard' s lemme: relates CR (p . y ~ 2) and the ·:;ost minimi:::'ng
x

input demarld fur1ctions throught its par~i31 derivatives

a CRI ,.i",
x

r,
(D ,

X
y ~ 2 J n ;; l N C3)

The following Hessian matrix i5 symmetric, ne9ative

semi-definite, and of rank N-l

~,
x

p
x

?
= [a- CR 1 a p

x
n

a p )
Xn '

n = l

n':::::: 1

N

N

Y.

FinallY, uilder

z) .... ith 1-~SPêct

the assumpti~n of differenti2bility of CR lD ,
x

t·~ ttl6 auasi-fix~d inputs and to the output, it

is conve~iênt to cefine the total Hessian matrix

r
;;: ;;: "-

'" p p z p y
.( x x X

L "- "-

L =l zp zz Zy
x

"- '- L
yp yz yy

x

The propertie2> of the production ;:)l~ssibilitie$ s~t and trIe

not impiY t~est~ictions on

twic~ differentiability cf CRC.)

negative semi-d~tinite. 7hey do

submatricêS ~z and [7!·

imoiY the mat;-ix ~ P i5
x x

the
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2. Inrerr:ng difT"3rent theoretl..cal eaui 1 ibriLims tram th.:

r=stricced C05t run~tion.

The restricted (or variable) cast function, corresoonding te

the programm cf minimizing the cost of sorne subset of the input3

subJect to the of th-:- j-emaining inputs, provices

functional çharacterization oi at run

Hicksian eouilibrium. Particulat--ly, it is possible :0 '~alc!Jlate

the short run HicKsian priee

variabl~ factor

=lasticities of demand~

C
n.n

= d Lc,g x
n

1 a Log 0
x

n D ~z,y
x .

1

i ;J! n

In long run Hicksian eouilibrium, th~ total cast function may

be written as

CT (p ,
x 10'2' y) = Min

x,z
x + 2 y = f {x,

= Min [ CR (0 x' 2, y) + 0 2'
;: Y = f ( x, 2 ) ]

2

CR (p
r,

(0 y) , y)
-n (.= x' 2 x' P 2'

+ 0 ~ , 2

The optimal long r-un Hicksian l':?vel of tr.-:- input z
-r, m

m = l. . . M, i5 ·jef ined as 2 ~ P P y) . The total cos: function
m x 2

is oc·taine·j by first minimizing the restrict-=d c,,:,::.t function

conditional upon the level of z and then minimizing total costs

with respect ta z. ;,olding the variable i~outs at their short

run Hicksian l. =\/-=15 X (p, z. y J. A suff icient condi t ion to use
n x



thi~ two-ste~ decision rule is that the restricted cost functior.

CR is strictlY '.::cnv·=-x in z (in a dcmai~ which includes the

observed and oDt~mal long run Hicksisn levels of the inputs z
m

that is the matrix L i5 ;.:·ositive def'::'nite in this ,j·,:.main. 50. it
~Z

i_s sufficient t,:, add the prOPêrty ·~f strictly cOrivexity of the

r~strict~d cost function in z m = 1, M. if we uant to infer
m

the :org run Hicksian ch~racteristics of the t~chnology from the

t~.e only restrict~d C03t

exe:mç·le. the outPut-çcî'lstant prie:- elasticities ,~f demand. ür

Hic~sian priee el3stic.::.ties~ can be deri'/ej from the rest:-icte·,j

involved by quasi-fixed factor

include bath p~re

variations.

substitution

the optimal quantityupor.conditional

elasticities

areand,::05 t
-l"",
z (0 , 0 , y). The se

x 2

snd 0xpansion affects,

h à L·:·g
~

/ cl Log,0 = x 0
nn n x

p 0
2 '

Yx .
l

= Û Log x (:r. >' ) 0 Log 0~ ,
n xn'

i ;= n

O:"Og x
n

y)/ àLog "
m

OLog --n
2

m

p .... , y
X.

l

/ JLog p
x

n

,
i

A

J

p ,0 , y

],
X. 2
~

(7a]

The gener21izatio~ of trtis decompo~ition work is possible tor

all th€0retical possible equilibria .=.hor t run and ~ ·:>ng run

;--ii''::Ksian ~Quilibria. sh·:-rt run and run Marshallian

e·:;uii ibria, and 1.3 summarized in table 1. The long run

Marshall ian si tuat ion. neot ne-=-:s.=.ari l y acr,ieved bY the ,:.b5er"'ved

technology, can be dcproached by three equivalent ways : eith~r by

..



cost minimization 10Jith res;:.ect to z given y and then DY profit

maximization with respect to y or :::JY profit maximiz2ti0n with

respect to y given z and then by cost minimization with respect to

z, or bv profit maximization with r~SDect to z and to y. In cI-der

to infer the different possiblë e':li...:ilibriums tram the short run

Hicksian èQuilibriums, th-e restricted cost functi·:)n must veriiY

the f01lo~ing sufficient curv3ture restrictions (3)

run

)' r7) must
~z'

Hicksian demand

be po::>sitive

eQuations from

definit-=

the short

to

run Hicksian demand

eouations.

~y(y) must be ,,·ositive definite to infer the Marsr,allian

short run demand ~quations from the Hicksian sr.ort run demand

eauations.

" m mL.. (y ,y )
yy

] mU3t be positive definitë

inter the Marshallian demand equations tram the Hicksian short run

demena eQuations.

For example,under the assumption of strict ·::onvexity of the

restricted cost function CR (p ,v,zl ~ith respect te z and y, the
x

long run Marshallian demand function of

as

8

factor x may be written
n



>TI
X (P. P . p Jn x 2 y

::::: X
n

(p
X

-y,
2 (p .>:' .p JJ,

X z y

;r.
y • ) JlPx'Pz'P y

= X (p __.'
n

>TIz (P.o ,::'1),
X -," v

y (p •
X

m
z (ç·x'P;:'Py)' p . ) J

•
[5J

= X (D.
n 1.

m
z lP.~,P).

X - Y

m
y (p,>:.p))

X z :-'

Before pr:;)ceeding to the empirica.i. s-=-..::tion, it is useful to

exprESS [4], (5) an,j [6] in tèrms of priee eJ..asticitie~ of

demand. F'JÎ example, using the de..:omp·:>sition (~J, th€" l,')ng run

rlarshillian elesticities matrix may be written as :

+ [x J [2 J
nm mn

}

1
)

}

A

B

c

[7bJ

[ x J [à '-00;; {;n (y m. m.
/ éJ L'::-Ç l= X ; , y ) Z >nn n m

[2 J [ à L :'9
-y, lm, / a L.Og 1= 2 Y : Pmn m x

n

[2 } = [ à LOG 7' ( ym) 1 d Lv';; y }
ml m

lN x MJ

{f1 x N)

(11 x 1)



[Y
lm

] [ a Log m
/ a Log ] ( 1 Nl= y p xx

n

[ xn1] [ a (?"' m ym l / a ] (N 1)= Log x (y l, Lüg y xn

Therefore, the total change in x
m

in response to a chan9ê in
n

D may be decomposed irlto three effects
x

n
3 pure substitution effect along the old isoQuant : A

an expansi,.:>n effect due to the Quasi-fixed factors variation

until the Hicksian optimal level : B

an expansion effect due to the change in the output lavel along

the new expansion Dath associated with inputs priees C.

The econom~tric model

In this section, l,o,le describe trie econometric model used to

chal-acterize the structure of French cereal s-=,ctor the data

concern a cross-section of farms~ We specify a translog

functicnal form for the restricted cost iunction with an additive

error term ~CT (4)

10



Ln CR 2' .) = a
J 0

1
(Ln y) +

:2
lLn

4 1 4 4

+ L c. (Ln P. , T

:< L L: .j.

i=l
1 1

i -"' j=l
1.j

- .
(Ln P.)

J

1 2 ~,

+ L: ~ (Ln Zh) + L: L: ghk (L., 2
h

) (L:o Zk) +, .
h=l

n :;;:
h=l k=l

'. :<
L L: k' r (Ln P. ) (Ln Zh) + ~ (4) (5)

i=l k=l
1. , 1. CT

p_ are variable input
1

~here CR is restricted cost

as for f~~l and oil.

y is output

fêrtilizer. capital, hired labor ; Z.
J

ar~ the quasi-fix~d inputs : family labor and land.

Without 1055 of generality, symmetry is imposed on the

Daramet=rs

eouations,

d .. and
1.J

on which

Shephard's lemma gives

add a disturbance term,

th",

~ ., .
cost siîare

t':;l ref l ect

errors in optimization :

4 2
M. = P. x./ CR = c. + L: d. (Ln pj) + :L kih(Ln 2

h
) + " . (9)

1 1 1 1 j=1
1.j

h=l
1

i = 1 • -, 3._ 4-.

11



6Y
G-. ,..,

·:.onstructl.on, L
i=l

== 1. This additivity constraint implies

G- G-

r L M. = 1 L d .. = 0 '<tj

i=l
1 i=l 1J

l 4

L k
ih = 0 '<th

i=l

Symmetry and additivity constraints ensure the theor~tical

;·estriction of homogeneity of degree ond in inputs priees.

The set of equations [8] and [9] will be used to estimate the

Darameters of CR. from which the short run Hicksian priee

elasticities of demand will be derived :

E:~ = (d. + M. M
j

) / M.
1J 1.j 1 1

V'i, 't'j, j " i

é T '"= (d. + M":" M. ) / i1 _
11 li 1 1 1

6y solving equations [10] with respect to the quasi-fixed

factors and using the procedure developped by BrolNn and

Christensen [1981, P. 212-214J; ~e can compute the long run

Hicksian Dric~ elasticities of demand, not ünlv for a variable

factor (x , n = l __ .N), but also for 2 ouasi-fixed factor (z m::::
n m

1. .. MJ •

o CR [p , Z,y] Id _ + p = 0
x m 2

m
m==l, .. ,M [ 10]

In the most recent studies, c·nly one ·~L!asi-fixe·j factor 1s

c·:>nsidered [BI~own and Christen3,=n. 1'081 Halvorsèn 5nd 3mith~

1986; Squires. 1987] . For the specifie case '""i th two



ouasi-fix€:a in~'uts, and 3ssuming that the matrix

pCositi'/,:; definite. we otta:'n thê f·~ll·:)w:ng -:xpre-ssions f·:,r thê

long rL!n Hic~si2n ~·rice elastici~ies C,5).

J/ B(h,k)J

_LT{h)
C ( i , h, k)/ 6 (h,kJ~ =-hi

_L Tl h)
Mk (9kr, Mr • M

k
) / 6 (h, k )c hk

=- +

.,.LT(r,)
=M (gkk + M~ - Mk ) / B (h, k )-r,h h k

M
h

-r,
/ CP ( y, 7')= - .. ? P.... h- -h x

"
--n lep. l Y, ::n)

. 'k =- Pk Zk p , ' ,x

lM.
1

- M. ) -
n

C (i. h,k) :=

i and j refer ~0 a variabl~ factcr

h and k r~~er t0 a quasi-f~xed factor.

13



Outside the long run Hieksian optimum, the shadow priee (or

dual priee) for each Quasi-fixed factor can be evaluated as

= [ a CR [.J/Ô2 )
m

[ 11 )

If the ex-post shadow priee and the ex-ante ot,served priee of

a auasi-fixed factor are eQual. t~len the actual lêvel
-r,

correspo~ds to t~e long run Hick3ian level 2 Moreover,
m

cc.ncept of shadow priee a110w3 us to characterize, in a dual

2
m

tr,e

and

sime,le way, the disequilibrium induced t-y fixity. [Kulatilaka,

1985). Indeed, assuming that the rest,-icted cost function is

strictly convex in z
m

Vermersch, 1987) .

m = 1 ... M; it is easy te show [Guyomard,

[
• -n

p ,
D <=> 2 :::; 2

Z Z m m
m m

• -n
p ?: P <=> 2 " 2

2 2 m m
m m

FinallY, a measure of short run

defined as

ECH
CT

= [ d Ln CR / d Ln yJ-1

returns to scale can be

P ,2
X

Caves, Christensen and Swanson (1981), followed by Halvorsen

and Smith (1986) , sugç:est different measure which takes

intc· account not ,~nlY changes of the \'ariable inputs but a1so

changes of the quasi-fixed inputs

M
ECHo = [1 - L:

m=l
[a Ln CR/à Ln z )J/[à Ln CR/d Ln y)

m

14
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This measur= ·joesn J t r':'Dresent j-eturn.s t ~ scale

e-xoansion Dath whe-rê total cc-st: is minimizej dt êvery lêvel Qf

..:output and gëner-alI"y ·':':iifer.s. 7iom .= l..:·ng run measure as

[14J

o
H'~""'-::'.I·:'"r ~ C::CH et ECHl..- T gi··/-: -:;cl-Ja.l. m1;:2.s.tJr~s oi îëturns co

s"~al,,= at th-= l·:·ng run Ficksi3n -=-:n..J:.libri·...:m [1';Ll":"omard. Vermers-.::h.

1987). ConsequentlY, considering the restriçt~d cast

o l l HO k 0 l l --r. ,Otand the optima ong-run .1e s~an ev~ s 2 ~ lS

inter

fUôletion CR

m=1
[ 1

M
L (à LnCR (~))/ à Ln 2 )J/[à

m
Ln CR (;t')/àLn yJ 1

p
x

4. Date and =m~irical results

The model i5 estimated using data from a ~amplê of farrn

account3 (n = 208) re1ated to the year 1981 for each farrn the

cereal produc=ion reoresents at ieast eighty percent of the total

PI"""oducti.:on. Four variable inputs and two ·:jU35i-fix-e-d factors are

taken into 2ccount the model is sDe·:ifi~d with priees for fuel

and oil. fert:"li2ers~ '.:-apitai and hired labor acreage '.Jnd6r

cultivation and familY labor are includ6~ as fixed inPLJts. For the

=apital input. it is assumed that the service flow trom the stock

of capital is oroportional to thi5 stock and Just like in Dor:nont

and Se'../estre (1986) the user cost of c2pital i.3 only the apparent

interest rate. The level of output is measured bv cash sales and

variable COSt3 are defined as ttje value of variable inputs the

15



factor~ srlares are cnlY the valuès of this inputs divided by trI€-

ïëstricte·j cost.

The restricted cost function is jointly estimated with the

cost share eouations INhich sum to unit y 50, one of them is

dropped. The system of ë'ouations is estimated by the maximum

likelihood method whose corresp~nding estimates are invariant to

choice of deleted eauation [Barten. 1969J.

The parameter estimates for the final farm of the model are

shawn in table 2 together wi"th their ê'..=.timated standard errors.

For each point, the estimated cast shares are positive and the

concavity of the restricted cast function in inputs priees i5

verified at the sample average. If and represent

resp-=-ctively the levels of family labor- land. the sample

average, the fitted cast function is convex in z, and concave in

"

trie

from

case,

derived

thisin

p,-·:·bab l y

the '~uasi-fixed factor),

ispar"'am.e t er2
k

: the wrong sign of

multicollinearity between Zk and Y, the level of output. However,

f
k

is reestimated by a production function model relating y

(the level of output) to 2
k

(the level

in order ta solve the optimal level

multicollinearity problems are reDlaced by simultaneity problems.

Estimates of short run Hieksian priee elasticities of demand.

evaluated at sample average, are shown in table 3 with their

est imated t rat ios. Exeept for hired labor, a11 the est imated

ol,.,ln-price elasticities are significant at the 5 % level. Demands

for energy and capital are the most price-resDonsive ; significant

short run net substitution Qv..=.sibilities b~twean capitël and hired

labor.

ECH
CT

capital and fertilizers ar~ found.

= 2,63

;\t the sample

vieW6.j as too high but

multicollinearity problems or omitted factors can distort this

result. Nevertheless, the result i5 consistent with ether measures

of returns to scala based on a total cost funct i·.:>n wliere aIl

16



inputs are variabIë (50utitie and al., 1937]

that there are 3cale economias.

bath studies sho~

Assuming that observed levaIs of ~uasi-fixed factors, are

long run Hicksian Ievels, estimates oi IGng run priee alasticities

of demand are shawn in table ~

Chat"lier p ... inciDle. Long run net su!ost i tut i·:·n Dossit.i lit ies

appe.ar between family labeor and hir:=d 2..ab·Jr, famill labor and

capital. land 3Eld energy, land and c3Pital, land 3nd fertilizers.

Table 5 shows the long run Hicksian priee elasticities in the

case where onlY fixity 0f land is relaxed the previous r~lation3

of substi-:uability with land also app-:ar. The long run Hicksian

priee elasticities of damand in the ~ase where the two constraints

uDon family labor and land can be r~laxed ar= shown in table 6.

These two last long run Hicksian priee elasticities (table~ 5 and

6) can' t be campa,-e·j. in the view of trlê Lé Chatelier principle,

with the crêvious short run Hicksian priee elasticitie3,

in each case, the point of approximation is different:

because.

resDê"ctivelY.

In arder co evaluate the imp·~rtance of taking inta acc'Junt the

~uasi-fixity of some inputs~ we slso estimated a transio,,; total

cost function with only four inputs fuel and oil, capital, hired

labor and fertilizers. It i5 inter~sting to note the relationships

betw-=-en the elasticitiès (short run and rLln Hi·~ksian

elasticitiesl jerived trom t~le restr-icte·j C03t functicn 2nd those

would be ;:>rc'\lided :,y a cost functi·=.n includinc;; only th-=- variable

inputs. If the ((xi),(Zj)] production function w-=ak separ3bility

is valid (6)! ~he elasticities estimated uith the la~t model ~ould

ref1e-ct net substituti,=..n elasticitiès, i.e. 810n9 ;5 f'.Jur inputs

17



isoQuant. Therefore, they would be upward biaised estimates of net

long run ~last ici t ies .::alculated alonç a si x inputs i soquant.

Following Berndt and Wood (1979) it is possible to evaluate this

upward biai3 using the follo~ing eQuality.

er,(CV) a LOG
h

/ a Log= x Dmn' n xn' y

a Log
h

/ a Log
1

= x p
n x

n v

+ [a Log xh /a Log v.
n

a Log v/ a Log Pv' o Log p / a Log p
v x

n 1.

(respectivelYwhere v (respectively pv) i5 the output

of t~le weakly separable subfunction (x.);i
1

= 1. • . , G. •

the pri.:oe)

negativ,=:,

D
xn '

5ince

inferior

the tërms in
to Eh(CTG.)_

nn~ -
.,
ü

brackets
hLog x
n

is

/ a Log

,.hlCV)- ,nn
!

j"

i5 always

Empirically.

this ineauality is reJected bY the data for onlY two out of the

sixteen cases (tables 6 and 7).

It i5 not possible to compare, analyticallY and theoretically,

the short run Hicksian elasticity of demand derived trom the six

inputs restrict.:d cost function and the long run Hicksian

~lastici~y oi demand calc:...Jlated l..;ith th-=: four inputs total cost

function. This mainlY comes from the fact that. in bath cases, the

p'Jint of approximation is ,jifferent and the second term 6 in

equation (7aJ may t,e either positive or n-=9ative. Ne-te that some

variable inDuts (for example seedsl are not included in the model

because no mesure of unit priee could be computed from the

availat,le date. As a resul::, even if th~se inputs ar,,= ~eakly

18



upward biaised for the SEme reaS0n as bef~re.

Finally, th~ long run measures of returns ta scale give

(2, )
n

=: 3.69

~CHLT """1-,
~ l2

h
, = 4.05

where h corresponds to family labor and k to lal1d.

50, at the sample average, ther~ ~xists economies of scale.

whatever measure YOU uti~ize_

C?ncluding remarks

The use of a restricted cast Tunction oermits the estimation

CT the characteristics of the French ce~eal technology in a

iramework f)f short run stat ie Hicksian eouil ibrium. Signi f icant

short run n~t substitution possibilities between capital and hi;e~

labor, caoital and fertilizers are found. Moreover. at the s81nple

average~ technology exhibit3 P0sitive ~conomies of scale.

The use of a restricted cost function allows al sü the

charact~riz3tion ai the ether theoretical P0ssibl~ equilibria

(long run Hick3ian equilibrium~ shor~ run and 10r'9 run M2rshallian

~quilibria) . under thë s~fficient assuffiPtions - ~v. s~rict convexity
, h,)of the funct ion CR !.n z t y (long ~un Hicksian csmand of the

19



quasi-fixeô inputs), in 7(z) (short rUiî Marshallian 5upply of the
m m

output), and in z et y (long run Marshellian demand of the

quasi-fix~d input3 and long run Marsnallian supoly of the output),

resf='è'ct i Vi: l y.

Pract iC311 Y, the data uSéd in this studY make possible ta

infç.r the c-h.=.:racteristics concerning only the lc·ng run Hicksian

ë'Quilibrium. TrIe fixity rlypotr.-esis of familv labor and land can

be relaxE-d and sorne insights long run Hicksian pri·..:::e

-elasticities of demand are derived

still valid in the lorlQ run.

input substituability is

The restricted cost function can a1so be used ta .=valuate

others characteristics of the short run Hi~ksian technology. It i5

especially efficient ta measure the capacity uti1ization that has

an exp!icit economic theoretical foundation, and to calculate the

capa·:.:ity output elasticities l..Jith resç;.·ect to input priees. The

met~:odology used in thi3 DaPEr and the theoretical works of

Morrisan (1985, 1986] offer a fruitful approach for furtr,er

20



Table 1. Char~cterization of the different theore:ical

equilibriums from thë knowledge of the only restricted

CR (p x' z, y).

mlnimization of the r&stric~ed cost func~ion

cost iunction

CR pz. v), ( l )

3HORT-RU~ HIC~SI\~ EOUILIBRIU~ [SRHEl

/ ~
$ufficient condit.ion

strict convexitv of CR in z
sufficient. condit.ion

st. r i c t. c.o n v e x i t. v 0 f CRi n y

~in rCR(.
z

+p z] (2)
z

< 3 j

minimiza~ion of t.he ~otal

CQSt. funct.ion

maximizu~ion of t.h~

r est rie t. ~ d. p C' 0 fil. f IJ net. ion

CT(p P
x z

v ) n~ <. p , z. p >
v

LO~G-RUN. HICKSIA~ EQUILIBRIUM
[LRHEl

2HORT-RU~ MARSHALLIA~ EOUILIBRIUM
[ SR~E J

1
SlJffici.a-n~ condi~ion of strict. convexit\·

of C~ ln z and in v

max (pv-CR( )- p z]
z. y z l

~ufficient. condition

strict. convexit.v of CR in v

{strict. conv.a-xi~y of CT in v)

sufficient. condit.ion

strict. convexit.v of CR irl Z

( s tri etc 0 ne a '/ l ~... 0 f TlR i fi z)

h - h
CR<z )-p'z](4J

z
max [pv

•
max [py

y
CTJ (~ )

-,.
~ l n [ CR ( \" ) • P zl ( :5 )

z Z

ID ID
= m'] x [ p V ( ) -CRC\' ( ) - p z 1 ( 5

z z

1
maxlmizot.lon of t.h~ tot.al profit. iun~~ion

nT (p , Pz p
•

LO~G-RUN MARSHALLI.'~ EQUILIBRIUM [LR~E]
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Table: 2. ?arem:=ter e~tim.9të's

Standard
Par-amet·er Estimate err-or

aD 12. 146 0.035

al 0.379 0.121

3
2

0.05=, 0.117

Cl 0.109 0.004

'~2 0.306 0.011

c 0.139 0.013
3

d
11

0.027 0.015

d
12

- 0.026 0.007

·:j13 - 0.022 0.011

d
22

0.107 G.016

d
23

0.002 0.018

d
24

- O.OS" 0.018

d 3 .. - 0.081 0.031

d
33

O~101 0.033

d .... O. 145 0.039

f
1

0.137 0.Oe6

f
2

O.73G O. 14~

9 11
- O.OSO 0.136

9
12

0.011 0.204-

g22 - 0.22.3 0.311

k
11

0.00.. 0.100

k
12

- 0.002 0.009
, 0.035 0.029:<21

!<.2~ 'J.03" 0.025

k
31

- 0.095 0.033

k.3.2 0.009 0.030
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Table 3. Short run Hicksian priee elasticities of demand.

evaluated at sample average, zh and zk Ch: family labor, k : land)

priee fuel and capital hired fertili-
oil lab0r zers

ouantity

fuel and - 0.636 0.075 - 0.065 O.!';I:28
oil (4.63) (1.24) (0.6:::) (4.53)

capital 0.0:'6 - 0.34.4 0.145 O.ln
( 1. 24 ) (6.68) (.:$.91) (2.98)

hired
0.051 0.321 0.136 0.135- - -

labor
(0.62) (3.91) (0.56) (0.6)

fertilizers 0.153 0.118 - 0.042 -0.23
(4.53) (2.98) (0.6) (2.6.5)



Table 4. Long run Hicksian Drice elasticities of demand, evaluated

at sample average z~ and 2
k

(h : family labor, k : capital). ,

priee fuel and capital hired fertili- family
land

oil labor zers labor

quantity

fue l and - 0.70E- -0.047 -0.16 0.307 0.119 0.492
oil

capital - 0.0168 -0.425 0.065 -0.022 0.130 0.263

hired
0.129 0.144 -0.496 -0.337 0.961 -0.143-

1abor

fertilizers 0.075 -0.015 -0.105 -0.634 -0.039 0.718

family labo:- 0.034 0.106 0.355 -0.047 -1.09 0.64

land 0.170 0.262 -0.063 1.025 0.763 -2.16
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-n
zh and zk Ch : family labor, k

Table 5. Long run }~icksian

evaluated at sample average,

price clasticities of demand,

:land)

priee fuel and o::apital hired fertili- land
.:;> i l iabor- 2êrs

quantity

fuel and - 0.734 - 0.192 - 0.205 0.223 D.ê;
oil

·;:,aDi tal - 0.07 - 0.606 0.012 -0.22 0.37

hired
0.156 0.030 0.283 0.575 0.966- - -

labor

fertilizers 0.06 - 0.15 - 0.18 - 0.63 0.895

land 0.013 0.036 0.018 0.054 -0.119
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evaluated st sample
--ro
Zk Ch : family labor. k

Table 6. Long run Hicksian priee
~

average, zh ë't

elasticities of demand,

land)

priee fuel and capital hired fertili- family
land

ail labor zer--s labûr

quantity

fuel and - 0.734 -0.175 -0.2<'07 0.256 0.013 0.856
ail

capital - 0.06 -0.545 -0.16 -0.11S< 0.04 0.859

hired
0.193 -0.35 0.845 -1. 18 -0.244- 1. 10-labor

fertilizers 0.06 -0.082 -0.368 -0,521 0.044 0.86

tamily labor 0.066 0.587 -1.61 0,94 0.36 -0.34

land 0.011 0.031 0.018 0,045 -8.410-4
-0.105
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T3ble 7. Long run Hieksian priee elasticities of dëmand, :veluated

at samp:ê avera wit~, a four input3 total cast.

priee fUèl and capital hired fertili-

.::. 11 labür zers

ouantity

--:uel and oii -O.r:·5 0.13 -0.12 0.60

·:oapi tal 0.07 -0.61 O_3~ 0.20

hir-:-d labor -0.10 0.71 0.0085 -0.63

fertilizers O. 14- 0.13 -0.19 -0.08



NOTES

(1) The Hicksian short run technolùgy,

by o
y = [(x,y) ( x , Y, z ) ë Y).

o

at lavel z
o

can be defined

(2) By direct application of the relationships between the Hessian

matrices of CR and CT st the long run Hicksian equilibrium point~

it follows [Guyomard, Vermersch, 1987]

semi-derirdte. So a sufficient condition to

the total costThe concavity of

priees implies trlat the matrix [

function
'?

a-eT(.)/

in aIl the inputs

a 2 ) i5 negativep
z

infer the long run

restricted C03t function

Hicksian equilibrlum the

the

that

that

is

50and

Tunctionrestricted cast

positive definite
. -hstrictly convex ~n z _is

from the
-z,"'2 ] is[matrix

(3) These sufficient conditions can be clearly proved by using the

relationships which exist between the Hessian matrices of CR, CT.

nR et nT et the respective optimum levels and by using a analogous

method as noted in footnote (2).

(~) A full Cluadratic expansion of the restricted cost function

around the approximation point would include auadratic terms for

y and z.;
J

hypothesis

for y and P ..
l

saying that

However, the likelihood ratio test for the

the corresponding coefficients eQual zero

is not rejected at conventional Level (5 %).

(5) Note that the generalization of this derivation ta the case of

M (M> 3) ouasi-fixed factors i5 not straightforward. It i5

28



theore~ically possible ta compute the short run and iong run

Marshallian priee elasticities OT dë~and (and of supoly) using the

oarameters of the on1y restricte·j cost Tunction [Guyomar(j, 1988).

Unfortunately the function CRf.) i5 not convex in y and Sv this

caicu1ation i3 not correct.

(6) The hypotrlêsis that the r-estrict-:-d

logari~hmiçally sepsrable inta a fun~tion of

quasi fixed ~nputs is not rej~ctêd at 5 5 %

the likehood ratio method).

29

cost iuncti·:,n i5

variable inputs and

level l test based on
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