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INTRODUCTION

Ernpiriçal an21'tsis of agricultural tcchnc:'..:.·gy 1.5 t..:,,") ·')ftën

c~rri~d out within 3 long run static equilibri~m Tiamework : m~~:

~f the studi~s assume 3 putty-putCY ~rGducti~n technolc~y in whic~!

maximL:ationJ Tully adjL:st ::c their ootimE:.!. 1:-'/-=:1... :~ç.we\;er. such
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the agri,;:.ultul-al sect'or sinee certain inputs cann·:,t be freely

varied within the single perit:·d ·yf observati·:·n. Tt is con'/enient

to refer ta this semiDuttY-Putty model as one ai short run static

equilibrium : only the variable inputs adjust instantaneously to a

change in relative priees the remaining inputs are fi xed at

observed levels (Lau~ 1976 Ku1atilaka. 1935) . A1though the

putty-putt y and semiput tY-pl..lt: t y refer as t ....o ,ji f ferer:t

eQuilibria, both can achieve che same long run èouilibrium.

ConseQuent1y the first objectiv~ of this paper i5 to provide

an exhaustive crlaracterization of a short run êQuilibrium. This

one is derived from a restrict~d cost function. The second goal of

this research is to sho.... that this short run equi1ibrium frame ....ork

allows the characterization of the different eouilibria (short run

and long run Hicksian equilibria short run and long run

Marshallian eauilibria), under sufficient conditions of curvature

restrictions~

The paper i5 divided into six parts. Section 1 establis~les the

existence and properties of the restricted cost i~nction, as weIl

as the duality results bét'....een te·.=-hnology and restricted cost

minimizat ion economic behavior. Sect ion 2 de'le I-;:)P5 the mode 1 OT

the firm' s choice of techniaue in this optimization framework~

Sect ion 3 shows ho..... the di fferent possible equi 1 ibria can be

derived from the kno.... 1edge of the restricted cost function.

Section 4 proposes diff-erent possible: measures of the

disequilibrium. The model is then apolied to tt"".e fr~nch cereal

sector in section 5. The conclusions are outlined in section 6

they must be seen as permitting a better unterstanding of Drevious

studi-es.
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1~ Duality b-=-tween technolog:-- and restrict.ed cost minimization

êconomic b·:-havior.

Lêt us consider

following

production

(2 1 ,." ZM'

to produce R

thehavetosupposed

1..Jt"!i·::-h uses M + N inputs

2 ~ 0 at priees (px p)
z

Y. The corresponding

is

=

~ 0,

firma

x

set,

(z,x)~=
f v, , 1 ' .

possibilities

Xl' ...

outputs

propertie:s

(i) T is closed and non-empty.

( i i ) if y " 0 then x " 0 or z " O.

( i i i) f or a 11 (x, y, z) E: T, if x ( ro and z ( 00 t hen y ( '"

(iv) There is free disposaI of inputs and outputs i.e., for al1

( x • Y. z) E: T, the production plan ( x ' , y' , z ) such that

( x 2: X Z " Z Y - y) is possible, i.e

( x
,

y z' ) E: T (1),

( v) The set X(z, y) = [ x ( x , y, z) - Tl is strictly convex.

A few comments can be made upon these assumptions. Properties

(i), (i i) and (i i i) can be viewe,j as regulari ty hypotheses upon

T (i) alone ensures the existence of solutions to the cost

minimization program (iiJ states that there is no free

production (if x = 0 and z = 0 ~ y = 0) (iii) is a boundedness

hYPoth~sis it ensures the existence of the corresporlding

production function for everv fini te value of x and z.

ASSuffiPtion (i'''''-) is a monotoni.:;ity assume-tion if (x, z) can

trlen (x'. Z ), .....,ith x' ~ x and z y can a1so oroduce

y furthermore, if (x, z) can produce y, it can produce als0

every y such that y S Y. Until now, the free disposal hvpothesis

is Quiet plausible in t~le cereal sector.

( 1) x ~x** x <::x
n n

n = 1
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At last ~ assumpt ion (v) i s a basic hypothesis ta ensure the

dual approach in production theory.

The restricted cost iunction i5 then defined by

CR (p , Y, z) = Min [p'
x x

x
x XE X(y, z)] Cl)

homogeneous,

With a strict1Y positive

(i) ensures the existence of

(p ,y, 2 ) i s non-negat ive,
x

non-decreasing, positivelY

input priees vector

CR (p ~ Y, z)
x

positive W~len y

linear

D • hypothesis
x

furthermore, CR

is non-zero,

concave and

Gontinuous in p [Mac Fadden,
x

the inputs (zl ' zM) as

arguments of the CR function

imp1ies that

1973, p.11). Program (1) considers

fi xed factors and these a,-e a1so

we show now that p,-operty (iv)

CR(p ,
x

CR(p ,
x

Y, z)

y,z)

is non-decreasing

is non-increasing

in y

in z.

Consider Ya and Yi' two producible

free disposaI of outputs, we have

implies

outJ:·uts sucr, that

-= X(Y ,
o

Y 0 5 Y l' By

z) and this

CR (p y z) = Min [p' . x X E X(yo'z)]x ' 0' x
x

~ Min [p' . x X E X(Y1'z)].x
x

or

Min
x

[p' _ x
x " )

] = CR (p ,
x Yi' z)

By the same way, let us consider.

fixed inputs such

have

trlst 2
1

By free disposaI

and 2
2

,

inputs,

of

we



50. bv the sam~ argument as before,

a minimization upon a set X(Y, '2)

imp1iez :

CR (p , ''',x
containing

2
2

) is obtained by

X ( y , z 1) end t ha t

CR Ip y, 2
2

) = Min [p' . x x ~ X (y, 2
2

) )
x x

x

< Min [p' • x x - X ( y, 2
1

) )
x

x

and r1in [p' x x Ë X(y, Z1) = CR (D y, Z1)x x'
x

Subseouently, '.le l""i11 go back on that resu1t. In addition, under

the convexity hypothesis (v) .:)f the section X(Y,z) cf T, the

knowlëdge

sufficient

of

to

the restricted

describe, iîl

cast function CR

an ex haus t i Vê manner.,

y, z)

short

is

run

Hicksian techn·~10gy which is employed (2) . Fina11Y, duality

results state that

•
X (y,z) = (x ~ 0 p _ x ~ CR (p ,

x x
Y, 2), v p > 0 J = X (y,z)

x

In or-der to establish this statement, Mac Fadden (~lac Fadden.

1973, p.8J uses, with trie prODerty of free ·jisposal (iv), a less

restrictive hypothesis oi çcnv~xity upon X(y,z) the ·~onvexi t y

fr":·m below. However, \ole can see that these tlNo 1ast

a~3umptions imply necesserily th~ convExity 0f X(Y.z)

(2) Tho? Hicl.:sian short. l'un t.echnoloqy. z c\Jn be

d@fi ned b~'
20

T [(x. y) (x. y, z) E Tl
o



Let b. X(Y,z) canvex from below sC<~ we have

v x, x ~ x(y,z) 3 x ~ X(y,z) such that x
•

s x ='-x+(l-\)x'.

But, by free disposal of inputs~ this equation

x - X (y, z) => X (y, z) i s canve x .

50, the t'No assumotions of convexity trom bêlol"J of the section

X(y,2) and free disposaI imply that the section X(y,z) i~ convex.

We end this characterization of the rds~ricted cost function

with a discussion about the differentiabili·ty assumption of CR

(p , y, z). Indeed, in many economic applic3:tions, ~'articularly
x

comparative statics, it is cünvenie-nt to kno\.J that thê obj~ctive

function has a differential in input priees fo;- aIl positive inDut

priees vectors for that reason. we imposed the strict convexitv

di f fere:lt iable in

of X (y ~ zJ whierl imolies that

input pr ices

CR (p, Y,
x

furthermore~

2) 1s

recent

cont inuoLisl y

works show

that this last involvement is an eQuival-::nce under certain

assuffiPtic.ns upon the t-echnology (see, for examDle, r1ac Fadden,

1978 SaUo, 1983).

Differentiability of the cost fuction is intimately related to

the well-known Shephard's lemma

a CRI ap
x

n
= x (px' y,z)

n
n = .L. N (2)

In addition, as it has been noted by Mac F8d·jen (1978, l, P. 15),

the cost function has first and second derivatives with respect to

input oriees for almost all positive input pric-e-s. This implies

that the matrix of partial derivatives of inputs with respect ta

6



input priees (when they ë'xist) is negative semi-definite.

3ymmetric and of rank N-l~ 5o, the following Hessian matrix

a p
x

n

a p ]
x ,

n
n = 1

n'= 1

N

N

is negative semi-definite, symmetric and of rank N-l.

Finally, under assumptions of differentiebility of CR (px'

Y, 2) with respect to the fixed factors 2
m

and te the outputs Yr'

it is convenient to define the total Hessian matrix

r
"- Z ;:

p p p ., p y
x x x x

l

°l
"- "-

L 2P 22 2Y
X

;: "- "-
yi:' yz yy

X

At shvrt run Hicksian eouilibrium it is not necessary to

impose curvature restrictions on the submatrices ~ )!.oz 2' '-yy
and

"
2Y

"
yy

].
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Figure 1. Lack of fr~e disposal
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·,;ost funct i. on cnaracterizati0n the

The r-=strict-=·j (or variabl-a) eost functi.·,:.Jn. eorresponding to

the oro'~ramm of minimi=ing the cast of sorne subset of the input

se t. otrler fixëd~ prc'·...·idéS a

characterization of techneol..:-gy short run

equilibrium. OY l-:-mm.3, run compens3t~d

variable input demand is defined 3S the oarti51 derivative of the

restricted cost funetion with resp~ct to priee

Ô CR (p , y, 2) / Ô p
x

n
: X (p ,

n
y, 2 )

The constant outputs and quasi-fixed factors priee elasticiti~s of

demand can be computed frem the variabl~ cost function

aIl x tn = 1~
n

l'='9 ~- where y and 2 ,9"-''''::'

X
n

adjust te- trIé ir short run

th~ logarithmic derivative a

hé'ld cçnsta;lt~

log x / ô
n

rJ J

~

nn is

comp~nsated optimal levels

E ,: a Log x
n.n il

/ 0 L.:>g p
x

n p , z, y
x .

l

i,;lt n
(.3 )

A 5hort run measure of partial returns ta 3·:ale. i.e. for e3eh

commodity can be defined as the increase in ou t: I:'L,: t y
r

resul t in9 from a proport ional increas·.= in all variable inDut 5.

1"Ji trI th.:

RTS'='P. is
r

z and y , (r' ~
m r
the reciprocal

rJ held

-:>f the

fi.ed lat the observed levels).

elasticity variable ..:ost witr-.

respect te this output alang a local expansion oath (or short run

global expansion path).
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RTSSR = 1 1 (a 109 CR 1 a log y )
r r

'<7 r =l, ... ,R

The overall short run

a e •

returns to scale 8r-e tt"H:re-rore obtained

PTS
SR =., ,

R

1 1 L:
r=l

(4.b)

Following Caves. Christensen et Swanson (1981), a different

measure of returns to scale can be defined as the percent age

increase in short run total cost resulting trom a proDortional

increase in each output. This last measure, RTS MR , is not

calculated along the global expansion path, relative ta ail

inputs, in a sense where the quasi-iixed factors are not neces-

sarilY initially at their optimal levels (long run Hicksian

0ptimal lêvels). So, it generally diffe"s from the traditional

long run measure derived from a total cast. function (Vermersch,

1988) : RTS LR

RTS
MR

M R
= Cl - L: (a log CR 1 a log 2

,
) 1 L: (a log cRia log y )j

m=l m
r=l r

(5)

RTsLR
R

= 1 1 L: (a log CT 1 a log y ) (6)
r=l r

The short run production technology exhibits increasing~

d~creasing and ~onstant short run (resp~ctiv~lY medium run)

returns to scal-== for RTS
SR

) 1 .. < 1 and = 1 (re3P~ctiv-=lY for

RTS
MR ~ 1, ( 1 and = 1).

Under the ne ..... assumDtion of marginal variable cost pricing

10



for outputs. is the inverse oi the revenue share of outl:,ut

if MVC = ù CR 1 ù y = pr r y
r

th-::-n

(à log CR 1 à log Y
r

-1 = l 1 l P . y
y r

r
1 CR) = 1 1

The restricte~ cost function allows also ta test the validity

of sèParabi li ty (between inputs 1 outputs, -inputs and outputs),

jointness_ hc,mogeneity of degree I-J in aIl inputs or in variablç,

inputs only. ••• 1 hypotheses of the short run technoJ.ogy. For

example, by applying the theoretical results established by Hall

(1973) in the case of a static total cost function, it is easy to

show the following statements

If the production frontië'r i5 separable fnto a function of

outputs and a function of input..=. fsufficient conditi,)n f::::Jr the

existence of a consistent output a9gregator functi,:,.n) • the

restricted cost function may be written as

CR (p ,
x

Y, z) = 9 [ h(y), p ,
x

z ] (7)

- The short run technology is nonJoint in input quantities if the

restricted cast function may be writt~l' as the sum of independent

cast functions for each kind of output

CR (p ,
x

y, z)
R

= L
r=l

CR(r) (y ,
r

p
x

11

z) (8)



The çhange in single 3hort run variable factor demand can be

decomposed into four effects as shown in the following eouations

obtained bY total derivation of input x demand eQuation
n

(figure

x (p
x '

z, y, A)
n

R M

'* d x = L: (à x / a y J. d y + L: (a x / a 2 ) . d zn n r r n m mr= 1 m=l

N
+ L: (a

n'=l
x / a p

n x
n

d p
x

n
+ (a x

n
/ a A) d A (9a)

'* .;j log x =
n

R
)'
~

r=l
(a log x

n
/ a log y ) d log

'"'
y

r

M
+ L: (a lc.g x / a 109 2 ) d log 2 E

2m=l n m m

N
+ L: (a log x / a 109 p ) d log ~ E

3n=l n xn' x
n

+ (a log x / a log Al d log A E
4

(9b)
n

d log
R
L: (a

r=l
log . d log Y

r



with

M
+ L (él log (x./x.) 1 a log z ) .j log z E

2m==1
1 J m m

N
+ L (à log (x./x .) / à 109 P ,j l·::;g p "n=l 1 J x x -3

n n

(Sc)

El = outputs effect(s)

E
2

= quasi fixed factors effect(s)

E
3

= total short run substitution effect(a)

E4 = technical change, research or develoDment èXDenditures,

.... effect (a).
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Figure 3. Decomposition of relative short run variable factor

demand illustration in the one output, one quasi-fixed

factor and two variable input case
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3. Inferring theore-tical oossiblë' ëQuilic,ria from the re.strict:ed

C!.,.tst tunctiort.

The model further allows the calculetion of shadow priee for

ë3Ch Qua~i fixed factor (Lau, 1970)

- a CR (p x' z, y) / ci Z = Dm Z
m

(D •
x z. y ) ( 10)

The term a CR 1 a z is the reduction in variable costs fo," a
m

unit increase in the level of the quasi-fi.ed factor z As
m

intuition suggests and as demonstrated bY Lau (1976) and Diewert

(1982), at the long run cost minimizing level of a quasi-fixed

theinput,

quasi-fixed

D
Z

m
for

If

each

the

shadow priee p
z

m
-e x -pos t shadol,oJ

factor

is

priee

are

equal

and

equa1,

the observ-:d market l:,rice

the ex-ante observed priee

then the actual veetor 2

-r.
corr~sponds to the long run·hicksian vector z ; "and the short run

and long run compensated equilibria coincide (Kulatilaka, 1985).

Indeed. assuming that there exists only one quasi-fixed input and

that the restricted cost function 1s stri~tly convex in z (in a
m

domain which includes the observed and optimal long run hicksia!l

sufficient condition)level of z
m

ê't Vermersch, 1987) (figure 4.)

it is easy to show (Guyomard

.. -r,
D ::: p .,. z " z ( lla)z z m m

m m

.. -h
p ~ D *" Z ~ Z ( l1b)z z m m

m m

15



Pigure C>. Graphic31 comparison between
~
2 and

m
and in

Long Run Av.r~.

Toul Co.t

a simplified case

SRAC
I

~,,
i

/

Shorl:. Run Av.r~

Total Co.t

./
.,.-/

--,---

, -"• <. -"• •p.

U nd-er

long

l he

run

assumptions of one

ret.urns t.o scole. at.

out..pul.
-h

the z

v. 0 ne

po in t.

qU'1sl-fixed fact.or and

a SRAC / a z 0

where SRAC is t..he short.. run t..ot..a! overùge cost.

# l/y <a CR / a z • P ) = 0
z

• • P z
o

i f z >
-h
z (figure 4), t..hen t..he slope of t.he tangent. t.o t.. he SRAC

curve in z is posit.ive and so p >z Pz
In Q svmmetrical .av. i f

z <
h

z t..hen t.he slope of t.he t.<lngent t.o t.he 3RAC curve ln z is

•
nt"gl1ti ve and SiO p < P

z z
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In a dual way, if the firm optimizes not onlv with respect ta the

variable inputs but also l".d tri respect to the outputs and is in

short run Marshallian eQuilibrium, then, bv Hotelling's lemma, the

shadow priees (respectivelY the short run uncompensated levaIs)

eoual the markets priees (resoectivelv the observed levels) of the

output3.

*a CR [p ? Y 1 la y = P (p z, p )
x' -, r Y x Y

r

a CR [p, ~

-m (p ) J 1 ay z, p y = p- , x' y r y
r

(12a)

(12b)

FinallY, if the firm optimizes with r~spect te the variable

inputs, the Quasi-fixed factors and the outputs and is in long run

Marshallian èQuilibrium~ then the shadaw priees (of the

Quasi-fixed factors and the outputs) eQual the observed priees.

Therefore, trIe long run Marshallian situation. not necessarily

achieved by the obs.erved techno'logy, can be 3Pproached by three

€-quivalent W3Y!? either by profit maximizeti0n with respéct ta z

and to y, while holding the variable in~·uts at their cost

minimizing lev~ls or t,y orof i t max imizat ion wi th respect to y

gi ven :2 and trlen by cost minimizat ion wi th r,=spect to z, holding

the variable inputs at their cost minimizing levels or by cost

minimization with respect to z 9iven y and then by profit

maximization with resD~ct to y, the variable inputs held at thèir

cast minimizing levels :

xm(p ) (p m (p p ), m (p ),0 ,1:' = X , Z
x '

p :z ~
y

x' P z' P
n x z y n x y Y

(p
--n

(p
m

CP ) ) , m (p )= x , z , P , y ~, p y , p , p

n x x '" x Z Y X 2 Y

(p
m (p ) (p m

(p ) , )= x
x'

z , p
z'

p y , 2 P z'
p p

n x y x X Y Y

(13 )

17



Ther.efore, i t i5 possible to infer the di fferent theoret ical

possible equilibria (short run and long run Hicksian equilibria,

short run and long run Marshallian eQuilibria), given knowledge of

short run environment, i. ê:. from the restrictèd cost function

(cf. table il.
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Table 1. Characterization of different theor-::-tical

ë~uilibrium5 rrom the knowledge of the only restricted cost function

CR (p
x

z, y).

min~mizC1t..ion of t.he rE'''iLr-ict.ed cost.. funcl.ion

CR lp z. y) (1)

"

3HORT-RU~ HIC~SIA~ EQUILIBRIU~ SRHEJ

/
sufficient.. condit.ion

St.C'Î."::L con~·~Xlt:.. ... of CR in z

SlJfficient. condit.ion

SLC'LCl. conve-xit.y of CR in v

'1in [CRe.
z

+p' zl (2)
z

~1QX [P'" -CR< ) J
•

( 3 )

minimizat.ion of t.he Lot.ol

cost.. funct.iol)

maximizat.ion of t.he

l'est.ri ct.ed pro fi t, fllncLlon

ç T ( P P
X z

V' ) TH: ( p
x

z, p )
•

LONG-RU~ HIC~SlA' EQUILIBRIU~

[ L R H E J
1

'II
SH0RT-RUN ~ARSHAL[.I~~ EOUILIBRIUM

[SR'[EJ!

suffictent. condit.ion of st.rict.. convexit.v

of CR in Z Qnd in ...

nlox (pv-CR< )- P z]
z. y z 1

sufflcient. condit.ion

s,·,rict.. con\"exil.v of CR in v

(st.rict.. con\·exit.v of CT in v)

sufficie-nt.. condition

strict. convexit..v of CR in z

<strict.. concaviLv of "R in z)

max,. p.
- h - h

CR(z )-p·z)(4-)
z

-m
;.tin (CR(v ) -tp. zJ

z z
( 5 )

p )
•

)( 5

=
»-p. z]

m
- CR...... ()

mm:?' (
t.vf..ul profiL funct.ion

CT] { "
,,

,
"-

:J V
mo,lXlm.1 zut.1 on or t 1102'

"T { P P
x z

[ p.max
•

LO~G-RU~ ~ARSHALL[A~ EOUrLrB~IUM (LR~IE!
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Suff ic ient ·::ondi t i,,:'ns to use the framework Dr>:::-sented in table l

are the following

includes\' must
'-'zz
observed

be

and

positive definite

long run Hicksian

{in a domain

levels of z
m

'..Jhich

m = 1, Ml to.

infer the compensatê·j ·jemand functions from the short run

comPEnsated demand functions.

~y must be Dosi t i ve aef ini te (in a domain which includes the

observed and short run Marshellian levels of

ta inter the unccmpensat~d short run demand

fram the short run Hicksian equilibrium.

r = l, R)

supply equations

[ ~z ~y

] must be positive definit.: (in a dümain ..... hich

~z ~y

includes the observed and long run Marshallian levels of z and
m

m = 1, ... , M and r = 1, .. , R) to infer th~ uncompensated

run equilibrium fram the comoensated short run equilibrium.

4. iJuasi-fi'('5'd factoi~S a'ese-Qui 1 ibriuff! ..::iifrerent ,e·ossibl.-:

measures

Assume that the f irm' s tecr-,nology ''::.3n C'O:- reDresent~d bY a

restricted cost iunction with only one output and one Quasi-fixed

factor the generalization to the R outputs and M ouasi-fixed

factors case i5 straightforwsrd.

2û

If the observë-d level of the



qwasi-fixed i~put is consistent \Jith long run optimization

behavior, i. ë'. minimization of the total cost functi·)n. the-n

short run and long run Hicksian -:Quilibria coïncide. In a dual

way, in the priee spaçe, signific3nt departures between the sctual

and the shadow priees of the ~uasi-fixed factor can characterize

the disequilibrium.

measures of the possible disequilibrium ean he oroposed.

The first-one is the primai capacity utilization rat~~ DUCP

defined as actual output v over capacity (or potential) output

y 1 y

This capaci ty output y i5 simply defined as the output at

which the s~lort and long run average total cast curves are tangent

to one another (Berndt and Morrison. 1981 Morrison, 1ge5, 1936)

(figur~ 5 in the case oi constant long run return3 to scale. one

output and one ~uasi-iixed factor). The ratio OUC P
captur-es. the

Quantity spaCê.

differ":nce

the output

between short run and long run
P .DUC 15 greater

Hicksian eoullibria in

than, equal te, or less

than unitv only if the shadol.J priee (respectively the optimal

level) of the quasi-fixed factor is great.:=r than, equal to, or

less than the market priee (respectivelY the observed level).
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Figure 5. Capacity output y
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•,
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Und e C" lhe assumpt.ions of one output. ". on" qUcJsi- fi xe-d f <1 ct. 0 l' "
•o nd consl.ant. long run r-et.urns lo sc<11 e. lh" capoc i t.y out.put. v i s

defi ne(j bv

a/Bv • • •CR ( Y ) / v + p z / y = 0
z

a • Bv • •... CR' Y ) / , CR ( Y ) P z = 0

"

B • )/Ov ,a • )/B,,) • • •or CR < '1 = [ 1 CR ( Y ( z/ y ) ( C R ( Y ) / v

t..hen

• (8 •
a" ) •CR ( , CR< v ) / z CR' y ) p z 0

z

(B • B z)... CR ( Y ) / z + p z 0
z

[ ( a • Bz)... CR< ~' ) / + p 1 " 0

"

•1 n l he m quasi- fi xed fact.ors cas e. " i s defi ned bv

~

2: ,B • BCR ( v ) / " ) + p " 0
m " m

m= 1 m
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The two last measures embody identical information. i. t=. th-=

di~ference between the long run Hicksian equilibrium and short run

Hicksian eouilibriLlm in the cost soace. The first measure is equal

to the ratio of Ivng r-...:n returr:s to scale CRTSLP.) t·:o medium run

returns to scale, as definê"d in section '2 (RTS
MR

). The sec6nd

measure is th~ dual cBPacity utilization rete DlJC D. Morrison

(1985) shows that many ~Quivalent definitions ,~f this utilization

degree are possible. For simpiicity we Ch00S~ the measure defi~ed

as the ratio of shadow costs on total COSt5.

5. A caSè study Tor th-:- french C"êreal sêctor

Our pur::.ose, in this sectioQ, i5 simply t·:o illustrate som€:

previous theoreti·.::a2. issues in an econometriç model in arder-- to

characterize the structure oi the french céreal sector. Data

concern a cross-section of farms and are detailed in Guyomard af,d

Vermersch (1988). !-Je soeciiy a trans1eo9 iunctiona1 -form for the

restricted cast function with an additive error term

23
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Ln CR (y,D
i

,
1

(l... n y) +
2

(Ln

"
+ L

i=1
C.

:l.
(Ln p") +

1 4

2 L
i=1

4

L
j=l

d .. (Ln P,')
1J

(Liô P. )
J

2
+L f

h
(Ln 2

h
) +

h=1

l 2

:2 L
h=1

2

L
k=l

4

L
i=l

2

L
k=1

(14)

l..Jhere CR is restricted cost y is aggregate output p~ are
1

vari.3ble input pricès, as for fuel and vil, fertilizer, capital,

rlÎred labor

land.

2
j

are the Quasi-fixed inputs family 1aoor and

Without 105s of genërality, symme::ry is imposed on the

errors in optimization :

parameters

equations,

d .. and
lJ

on l"Jhich

Shephard' s lemma gives

add a disturbance term,

the

1:- ••
1

cast share

to refl=-::t

M. :: P.
1 1

x.f CR = c.
1 1

4

+ L
j=l

d .. (Ln pj)
lJ

(15)

i = 1, 2, 3, 4.
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Symmetry and additivity constraints ~nsure the theoretical

restriction of ~om0geneity of de9r~e o~e in inputs priees.

The set oi equations (14) and (15J will be used te estimate

t he parame t ers cd CR, f rom wt-. i -:::h the shor t run

elasticities of demand will b~ derived

Hicksian priee

M.
1

M .)
j

1 M.
1

(d .. + M~
11 1

1 M.
1

'Vi , j ~ i

By using the procedure initially developped by Brown and

Chri3tensen [1981. P. 212-214J; we call compute the long run

Hicksian priee elasticities of demand, not only for a variable

factor but also for a ouasi-fixed factor. By the S3me way, a long

run mëasure of returns to scale can be deri··,ted. We. oetain trie

f·:>llo ..... ing expressions Tvr the run Hick3ian p,ice-

elasticities

':::5



~LT(h) =E~T _ (l/M_)(A(i,j)/B(h,k))
~ij l.J .1

E~ ~ (h) = cCi, h, k) 1 B (h, k)

ELT(h) = M ( ) , B ( .)hk k 9 kh + Mh - Mk , h,k

M
h

-n 1 CR (y, 7'):- P h - Zh P ,
x

M
k

-n 1eR ( y , ;t')=- Pk . zk P x '

i and j refer to a variable factor

h and k refer ta a quasi-fixed factor.
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The parame ter ~stimat~s for the final form of the model 5re

..=.hown in table 2 together lNith their estimat~d standard êrrors.

For each point. the estimated cost shares are ~'ositive and the

concavity of the restricted C'ost function in inl:,uts prieEs i5

verified at aver8.;;!e. If anc: represent

respectively tt-,e l eve l s of family labor land.

average,

the

the fitted ~ost function is convex in 2
h

and concave in

wrong sign of parameter f
k

i5 probably derived from

y

However,

r·"l y ingmodel

lev.;,l of output.

function

Zk and y, the

productionabY

multicollinearity between

to Zk (the level of the quasi-fixed factor),
-r,

in order to solve the optimal level 2
k

in this case, the

multicollinearity problems are replaced by simultaneity problems.

f
k

is reestimated

(the level of output)
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Tabl~ 2. Param~ter estimates

Standard
Parame ter Estimate error

8
0

12· 14.6 0.035

al 0.379 0.121

"2 0.055 0.117

cl 0.109 0.004.

e 0.306 0.011
2

c
3

0.139 0.013

dU 0.027 0.015

d
12

- 0.026 0.007

,j13 - 0.022 0.011

d..,~ 0.107 0.016
_L

d
23

0.002 0.018

d~, - 0.084. 0.018
L ..

d 3 4. - 0.081 0.031

d
33

0.101 0.033

d
44

0.14.5 0.039

f
1

- 0.137 0.086

f
2

0.730 0.14.4.

9 11
- O.OSO 0.136

9 12
0.011 0.204.

9
22

- 0.223 0.311

k
11

0.004. 0.100

k - 0.002 0.009
12

k
21

0.035 0.029

k
22

O. 0';·4. 0.025

k~H - 0.095 0.033

k
32

0.009 0.030
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Estimatas of shûrt-run Hicksian priee elasticities of demand,

evaluated at sampl-:- average, are shown in table 3 l,.Jith their

estimated t r2tios. ExceDt Tor hired le:bor, aIl the astimaté'd

for energy and capital are the most price-rasponsive siGnificant

substitution DOS.3ibilities between capital and hired labür,

,:apital and fé'rtilizars are found. At the sample average,

this figure may be viewed as too high but

:nulticollinearity problams or ·~mitted factors can distùrt this

result. Neverthele5s, the result i5 consistent with other measures

of returns to scale based on a tc,tal cost Tunction where aIl

inputs are variable [Boutitie and al., 1987]

that there are scale economies.

both studies show

Table 3. Short-run Hicksian priee elasticities of dê'mand.

~veluated at sample 8vera'.Je, an,j (h: f.3mily labor, k land)

priee fu>S"l and capital hired fertili-
oil labor zers

Quantity

fuel and - 0.638 - 0.075 - 0.065 0.628
oil (4..63) (1. 24.) (0.6.2) (4..53)

capital - 0.026 - 0.34.4. O. 14.5 0.173
( 1. 24. ) (6.681 (3.91) (2.98)

hired
0.051 0.321 0.136 0.135- -labor

rO.621 (3.91) (0.56) (O.~)

rertilizers 0.153 - 0.118 - ü.04~ - 0.23
(4..5.31 (2.98) (0.6) l2.65)
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Assuming that observed levels of Quasi-fixed factors, are

long run Hicksian levels. estimates of long run priee elasticities

of demand are shawn in table 4 these are ·::onsistent 1,.,11 th Le

Chatelier orinciole. Substitution Dossibilities appear between

family Labor and hired labor, family labor and capital. land and

energy, land and capital~ land and f~rtili2er3.

Table 4. Long-run Hicksian pric~ elasticities of demand, evaluated

at sample average zh and zk (h : family labor. k capital)

priee fuel and capital hired fertili- family
land

oil labor zers labor

Quantity

fuel and - 0.706 -0.047 -0.16 0.307 0.119 0.492
oil

capital - 0.0168 -o. ·:"25 -0.065 -0.0:22 0.130 0.268

hired
0.129 -0.144 0.496 -0.337 -0.961 -0.14.3

labor

fertilizers 0.075 -0.015 -0.105 -0.634 -0.039 0.718

family labor 0.034 0.106 0.355 0.047 -1.09 0.064

land 0.170 0.262 -0.063 1.025 0.763 -2.16

Table 5 shows the long run Hicksian priee elasticities in the

C8se where onlv fixity of land is relaxed

of 5ubstituability with land also 2Dpear

the previous relations

the last ~lasticities

can't b~ compared. in the view of the Le Chatelier principle, with
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the prçvious short run Hieksian priee -= last ici t ies because, in

caen case, the point of aDDroximatieon is differ-:nt. Finall" in

the case where fixity of land i5 relaxed, th~ measure oi returns

to scale givè'

ECH
LT (z r, • (z~ ) ), , =: 3.69

where h corre3Ponds to family labor and k ta land.

Table 5. Long-run Hicksian priee elasticities of demand,

evaluated st samole average,
-y,

zh and Zk (h : family labor, k :land)

priee fuel and '~apital rlired fertili- land
oil labor zers

quantity

fuel and - 0,734 - 0,192 - 0,205 0.::::::8 0.89
oil

capital - 0.07 - 0.606 0.012 0.22 0.87

hired
0.156 0.030 0.233 0.575 0.966- - -labor

fertilizers 0.06 - 0.15 - 0.18 - 0.63 0.395

lan·j 0.013 0.036 0.018 0.054 -o. 119



6. Concluding remarks

In this last section, we point out that the exolsnatory

statements, provid-:-d in trie pre·:..eding sect ions. allo",", a bet ter

understanding of sorne previous emoirical ",",orks.

First, let us consider the case of a negative shado",", priee for

a ·=!uasi-fixed factor (see, for example~ Elterich and

Gempesaw. 1987). This dual price is simply obtained by derivation

of CR(p , y, 2) with resPect to 2
x m

a CR (p ,
x

Y. 2) / a 2 =
m

equation impliesThis

équivalent to impose that

that

the

a negative

restri..:ted

dual

cost

•
priee r:o

2
m

function

is

is

a neighbourhooG ofinincr~asing with respect

as it ",",as demonstrated

to <:
m

in the first section, property

2
m

(IV)

HOwever,

of fre.:

disposaI implies that CR (p, Y, z) i5 nvn-dë'·~reasing in 2
x m

ConsequentlY, a negative shadow priee involve,s a l.3ck of fre-=:-

disposal. This last statement is untenable regarding sorne usual

inputs as land or capital for instance. 50, €xcept the lack of

free disposaI, an economic interpretation of a negative shadow

priee i5 risky.

Dur point of vie'"" i5 that trJÏs issue is c-rovide.j bY wrong

signs of parameters which are probably due to multicolline3rity

problems.

Se-=:ondlv, most acplied studies tak~ only 0ne ouasi-fixed

factor into account. ~·Je hsvç' develüped thë analYtical necessa;-y

expr-es3ions for derivating the long run Hicksian priee

elasticities within thé specifie caSê of a translç.g restricted

function an·j two quasi-fix-ed factors. Howê"ver, the gene:sliz3tiün



te the m auas-:-fixe-d factors .:::aSé is not straightf·:>rward. Tr-IUS,

the formulas estsblished bv 5~uires (1987) are inaporopriate,

particularlv b-=,causc trl':- optimal ·::-ost share of each quasi-fixed

input are not eXPlicitelv and at,alvtically defined.

Finally our pap~r shows the importance of t3kin~ into account

th~ quasi-fixity of sorne inputs. The research also illustrat~s th~

sensitivity of fin·jings ta the sOëciti:ation of ~quilibria. Sa. if

the farrrlër.s 3re- sh·:.rt rur: p,-ofit maximisers (model of Hig·~ins,

1986) the calculated substitution effects res:·resent 05 mo'/ement

along the old isoquant and thê expansion eff-=ct. But the

uncompensated elasticities do not correspond t0 the total effacts

of a priee change due to the quasi fixitv of sorne inputs.

REFERENCES

lA. ), MAGNIEN (F.),
de la cualité aux

la base de dor,nëes

BOU Tl T l E lE. ) , 6UR~AU (J . C.) , LAUB lE
VERMERSCH (D.) "ApDlication de la tr,'§orie
systèmes cérë31iers ëtude économétrique sur
individuelles". EN5AE, juin 1987, 46 D.

an
Field

BROWN (R. S.) et CHRI5TEN5EN IL. R.) "Estimating eiasticities of
Sub3titution in 3 model vf partial st3tic eGuilibrium
aDPlio::ation to U. S. agriculture, 1947 to 1974". Berndt et
(ed. ), 1931. o::haD. 10.

(,cWES (D.-W. J CHRI5TEN5EN (L.-R. J, SWAN50N (J.-A.)
uProductivity gro~th~ scale economies and CSPBcity utilization in
V.S. Railroads. 1955-1974". American Economie Review. vel.71.
1981, p.9;4-100~.

DIEWERT (W. E.), "DI_lality aPDrl':laCr;~:= t:· microeconomic theory", in
Arrow. Intriligator, Handbook of 1"1atf""lematical economiçs, vol. II,
chaD. 12., 1982.

33



FUSS (M.I, Mc FADDEN (D.) "Production
to theory and application". North
1978, volume 1, 48L P.

economics a dual
Holland Publishing

aporoach
Company,

GUYOMARD (H.), VERMERSCH
caracterisation duale du
travail, 1987, 26 p. INRA.

(o.), "La "fonction de coût
dêséauilibre factoriel".

Rennes.

restreint
Document de

GUYOMARD (H. l, "Investissement et choix
ag:-icole français étude économétrique".
University of Rennes, Mars 1983, 429 p.

techniques du secteur
Doctoral dissertation,

Derivation
INRA-ESR,

GUYOMARD (H.), VERMERSCH (D.),
demands fram shor~ run reSDonses.
paper 31 p.

of long îun
Mars 1988.

factor
Working

HALL (R.-E.), The specification of technology with several Kinds
of output. Journal of Political Economy, vol. 81, n04, P. 878-892,
1973.

HAL VORSEN (R.),
unpriced natural
canadian metal
Statistics, 1986,

SMITH (T. -R.), "Substitution
ressources restricted cost
mining industry" . Review
P. 181-200.

possibilities
functions for

of Economies

for
the
and

"Input demand
8Pproach" ~

P. 4.77-4.93.

HIGGINS (J.),
micro-economic
Economies, 19~6,

and output
European

supoly
Revi-=I""I

on
of

Irish farms. A
Agricultural

HUY (B.), ELTERICH (J.-G.), GEMPESAW II (C.-M.), "Policy
impacts on the production structure of dairy farms in the
1980S an interregional comoarison Vth European Conference
of Agricultural Economists in Hungary, September 1987, 12 P.

KULATILAKA (N.), "Tests on the
models". Journal of Econometries,

validity
vol. 28,

of static equilibrium
1985, P. 253-268.

LAU (L. -J .) " A
profit function".
o. 131-163.

characterizat ion of trie normal ized restricted
Journal of Economie Theor'y, vol. 12, nOl, 1976,

measurement Crr
~xpectations" ~

interpr~tation and
with anticipatory

1985, o. 2S5-310.

MüRRISON (C-J.),"On the economic
~ptimal capacity utilization
Reviel""l of Economic Studies 52,

r10RR ISON (C. -J. ) , "Structura l mode 15 of dynamic factor demands
wi th nonstat ic expectat ions An empirical assessment of
alternative expectations speçifications", International Economie
Review 27, 1986, D.365-386.



3AIJO (ï.)~ "Dif'f-=r<::,n::iabilit,.. ·:..f

to strict ouasi-·:-oncëvity of the
Letters, vül. 12, lS83~ 0.135-13';.

the cost function i5 eGuivalent
production function". Economie

SQUIRES (D.), "Long-run profit functions for multiproduct firms".
American Journal of Agricultural Economies, \l·:-1. 69, 1987,
p. 5~,8-569.

VERMERSCH (D.), Inferring long-run measures of r~turns to scale
a note". Working paper. INRA-E5R-Rennes, January 1988, 6 ~ ..




