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INTRCDUCTICN

1l anelysis of agricultural tecrnnclcogy 1=z too ofteEn
carried ocut within a long run static squilibrium Tramswork : mo=st

T the studies assume a puttvy-outty goroduction technoleogy in whilch



the agriculturzal sector s3inces cert

W

in inputs cannct be freely
varisd within the single pericd »T obssrvation. It is convenie

to refer to this semiputty-putty model as ons o short run static
squilibrium : conly the variapble inputs adjust instantanecusly to a
changs 1in reslative prices ; the remaining inputs ares fixed at
cbserved levels (Lau, 1975 : Kulatilska. 1$35). Although the
putty-ocutty and semiputty—-putty refer to as two different

equilibria, both can achieve the same long run saguilibrium.

Consequently the first cbjective of this paper is to provides
an exhaustive characterization of a short run squilibrium. This
one is derived from a restricted cost function. The second goal of
this research is to show that this short rum equilibrium framework
allows the characterization cof the differsnt saquilibria (short run
and long run Hicksian equilibria ; short run and long run
Marshallian egquilibria), under sufficient conditions of curvature

restrictions.

The paper is divided into =ix parts. Sscticn 1 establishes the
existence and properties of the restrictsed cost Tunction, as well
as the duality results bstwesn technology and restricted cost
minimization economic behavior. Section 2 develops the model of
the firm’s choice of technigue in this optimization framework.
Section 3 shows how the different possible eguilibria can be
derived from the knowledge of the restricted cost function.
Section 4 proposes diffsr=nt possible measures of ths
disequilibrium. The model 1is then apelied to the fresnch cereal
sector in section 5. The conclusions are outlined in section & :
they must be seen as permitting a better unterstanding of pravious

studi=ss.



1. Duziity bestweesn tectiologry and irestricted cosét minimization

Ssconcmic behisvior.

Lat ws consider a firm which uses M + N inputs (zl,-.. z

M‘

2 owmewms K. E TEe%ly X T G0, z =z o at prices (p , p_) to produce R
1 N X pd

outputs (yl,... yp} = ¥ . Trhe corresponding production

possibilities set, T is suppozed to have the Tollowing

properties :

&8 T iz closed and non-=mpty.

(ii) if vy = O then x # 0 or z # O.

(iii) for all {(x, ¥, z) £ T, if x ( ® and z {( X then y {( %

(iwv) There is fTree disposal of inputs and outputs ; i.e., for all

(x., ¥, 2) € T, the production plan (x*, ¥, 2’) such that :

(%" 2 x5 2 27 &8 2 7 % 2 ¥) 18 possible, 1.&
(x>, ¥v>, 27) &7 (1)
{(v) The set X{z, v) = [x 3 {x, ¥, 2] £ T} is strictly convex.

A few comments can b2 mads upon these assumptions. Properties
(i), (ii) and (iii) can be wviewed as regularity hypcoctheses upon
T ;3 (i) =alone ensures the existence of scluticons to the cost
minimizaticn program (ii) states that ther= iz ro frees
production (if x = 0 and z = 0 = ¥y = 0) ; (iii) is a boundedness
hypothezis = it ensures the existence of tha corresponding

croduction function for every finite wvalue of x and z.

Assumption (iv) is a monotonicity assumption : if (x, z) can
produce v, then (x°. z’), with x> ¥ x and 2z’ * ¥ can alsc producs
¥y 3 Turthermors, 1ifT (x. z) can producs vy, it can produce al=zo

every ¥ such that v* £ y. Until now, the free disposal hypothesis

is gquiet plausibls in the ceresal sector.

(1Y) x° =z x & x z x n=1T .. N

]



At last, aszumpticn (v) is a basic hypothesis to ensurs the

dual approach in production theory.

The restricted cost function is then defined by :

Mm

CR [px, vy 2) = Min [D; - X T X Xty 2313 1)

X

With a strictly positive input prices wvector Dx. hypothesis

(i} ensures the existence of CR {Dx, Y, 2Z2) : fTurthermors, CR
(Dx,y.z) is non—-nagative, positive whien ¥ is non-zero,
non—-decreasing, positively linear homogensous, concave and

continucocus in Dx [Mac Fadden, 1978, p.11]. Program (1) considers
the 1inputs (21, : 2”] as fTixed factors and these are also
arguments of the CR function : w= show now that property (iv)

impliss that

CR(DX, v,2) i3 non-decreasing in v

CR(px, v,2) is non-increasing in =.

Consider yo and Yl’ two producible outputs such that y0= Yl. By
free disposal of outputs, wse have : X(yl,z] Z X(YO, z) and this
implies :
ER (B ¥.s 2] =Min Ip’. x 2 x € Xy .23
X o] X o
X
= Min [p’.x ;3 x = x(yl,z)].
X
or
Minn 7 .3 3 %= Xy, 2) 1 =R & 5 ¥.. 2
x X 1 K 1

By the =zame way, let us consider. two wvectcocrs , 21 and 22, oT

fixed inputs such that =z, = 22. By free disposal of inputs, we

have :



X, :1) = X (v, 223

So, by the came argumsnt as before. CR (91, ¥ 5 :2J is otbtain=d by
a minimization upon a2 set X(y, z_) containing X(v, 21) and that
implie=z :
CR (B ¥ =) = nfn Y % 3 % € X ¥y 291

X Z X .a

X

*®
m
>
—
X
™
R
d

1A

Min (p; X
M

I
]

and Min [p; . X o3 ox = Xly,
X

CR (Dx, ¥ 21)
Subsequently, we will go back on that result. In addition, under
the convexity hypcothesis (v) of the sectien X(v,z) of T, the

knowlzasdge of the restricted cost fTunction CR fDx, y, 2) is

=

sufficient to describe, in an exhaustivs manner, the short ru
Hicksian technology which 1s emploved 2 Finally, duzliity
results stzte that :

*
X (y,z) =[x 20 : p* .x =2 CR (px, Y, 2), Yo >0] =X (v,2)

In order to establish this statement, Mac Fadden (Mac Fadden,
1973, p.8) uses, with the property of frse disposal (iv), a less

trictive hypoth=sisz of convsxity upon X{y,z) : the convexity
from Delow. Howaver, e can s== that these two last
a

zsumptions imply necessarily thse convexity of X(y.z2) :

« 22 The Hicksian short run technology. at level z . can be

defined by : T = [(x, yv>» : (x. v, zZ >» £ T}

o



L2t b= X(v.z) convex Trom below : sc. we have :

x x>
V x, x> € X({y,2) 35 3 x < %X(y,z) such that x =< x" = X x + (1 - )x’.
But, by free disposal of inputs, this equation implies z
x" = X(¥,z) =2 X(y, z) is convex.

So, the two assumptions of convexity from bDelow of the section

X(y,2z) and free disposal imply that the section X(y,z} is convex.

We end this characterization of the raestricted cost function
Wwith a discussion about the differsntizbility assumption of CR
(px, ¥, 2). Indeed, in many economic applicztions, rarticularly
comparative statics. it 1is convenisant to know that the objective
function has a differential in input prices Tor all positive input
prices wvectors ; for that reason, w= impos=d tihe stirict convexity
of Xly, z) which impliss that CR (Dx, ¥y, 2) 1ls continuocusly
differentiable in input prices ; Tfurthermores, recent works show
that this 1last involvement 1s an =saquivalsrnce under certain
assumptions upon the t=chnology (see, for sxample, Mac Fadden,

1978 ; Saijo, 1%83).

Differentiability of the cost fuction is intimately relatsd to

the well-known Shephard’s lemma :

]

3 cr/ 8 = x z = 1 ;

CR/ P X (Dx, ¥ 2 g 1 333 N
n

In addition, as it has been noted by Mac Fadden (173, I, p. 15),

the cost Tunction has first and second derivaetives with respect to

input prices for almost a2ll positive incut oricss. This implies

that the matrix of partial derivatives of inputs with respect to

o



input prices {when they exist) is negative semi-definites,

symmetric and of ranmk N-1. So, the Tollowing Hessian matrix :

I

L. - (@ R 48 9p ] n=1...N

) n n
i Y saw N

is negative semi-definite, symmetric and of rank N-1.

Finally, under assumptions of differentizcility of CR [px’
Y, 2) with resp=sct to the fixed fTactors zm and to the outputs Yr,

it is convenient to define the total Hessian matrix :

i 2 b3 )
e Pz B ¥
X, % X
Z Z z
5 zp zz zy
= X
2 ) 7
¥e ¥z vy
X

At short run Hicksian =quilibrium it iz not necessary to

impose curvature restrictions on the submatrices Z;z’ Z;y and

1
J

~J
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2 The ©restrictsed cCost Tuncticom & characterization ofF the

techimologyr &t sHort run Hicksisn equilibrivnm.

The ra=strictsd (or wvariabl=) cost function. corresponding to

o

-
the programm of minimizirng the cost of =ome subset of the input
set. other factors b=ing fixed, provides & functional

ation of the techinclogy =T short run Hicksian

I

characteri
sguilibrium. 3% Shephard’ s l=mma, the short ~un  compensatsd
variakble input demand is deftined as th= partizl derivative of the

restricted cost Tuncticn with respsct to price :

]

O CR (B 5, ¥, 2) 4 8 p = % p . ¥
x_ n

(]
-h

The constant outputs and quasi-fixed factors price =lasticities

demand can be computed from the variabls cost function : & s is

iglg]
the logarithmic derivative & log X /G lag Dx s, Where y and z ars
' @
neld cocnstant, =11 xn in = 1, ... HN)] adijust te their =hort run
comparnsated coptimal levslszs

£ , = 0 Log x / 9 Log © (3)

rn.n N % i .

n D‘ g2y ¥ iz n

it

A short run measurs of partial returns to zcale, i.e. Tor each

commodity Y., can be defined as the 1ncrease 1n output v _

resulting Trom =& proportional incrsass in all variable inputs.
uit? the z_ and Y s (r’'= r) held fixed (at the observed lev=ls).
RTSiE is the reciprocal of the =slasticity variable cost with
respect to this output along a local sxpansicn path (or shcort run

global expansicon path).



RTSfR =1/ (8 1og CR / 9 log yr) v or

Il
=N
A

(4z)

The overall short run returns to scale ar= therstTore obtained

RTS™ =1/ ¥ (@ log CR / 9 leg v ) (4b)

Following <Caves, Christensen et Swanscn {(1%81), a diffsrent
measure of returns to scale can be defined as the rpercentase
increase in short run total cost resulting fTrom a2 proportional
increase 1n each output. This last measure, RTSMR, is not
calculated along the global expansion path, relative to a1l
inputs, in a sense where the gquasi-Tixed factors are not neces-
zarily initially at their optimal levels (long run Hicksian
cetimal levels). Sco, it generally diffsirs from the traditional
long run measur=s derived from a total ccost., function (Vermersch,

1988) : RTS-T

M R
RTS'R = (1 - Y, (8 log CR / 3 log zm} ) / Y (@ leg CR/3 log ¥
m=1 r=1
(5]
LR =
RTS™" =1/ ¥ (8 log CT / 8 log v ) (e)
r=1

The short run production technology exhibits incr=asing,

dscreasing and constant short run (respectively medium run)
=B

returns to scals for RT3” » 1. £ 1 and

RTS > 1, (1 and = 1).

1 {(respectively for

Under the new assumption of marsgsinal variable cost pricing

=1
Q



Tor outpouts, ET5: iz the inverse o7 the revenus shars o7 ocutrput
¥,
if Mve_ =8 CR / @ ¥y = P, s then
: r
_ e SR : Wl = s » CV
RTS = (3 log CR / @ log y 1} =4 F e o FER) = & £ 8
¥ 3 ¥ o >

The restricted cost Turnction allows also to test the validity
oTf separability (betwe=n inputs, outouts, inputs and outputs),
Jointness, homogeneity of degree p in all inputs or in variables
inputs only, ee.s hypothesses of th=s short run technolicocgy. For
example. by applying the theoretical results =stablished by Hall
(1973) in the case of a static total ceocst functicon, it is easy to

show the following stat=aments -

- If the production frontier 1is seperable into & function of
outputs and a2 function of inputz (surficient condition for the
existence of a consistent output aggsir=gator function), thi&

restricted cost function may be written zs :

G (B ., ¥y, 2] = g I hily), o Z i [7)

(4]

— The short run technology is nonjoint in input quantitiss if th
restricted cost Tunction may be writtzszn &= the sum of independant

cost fTunctions for =sach kind of cutput :

R
ER {8 ; %, 2 & J, €R (¥ s By 2] (2)



The change in single short run varisble Tactor demand can o=

decomposed into Tour effactz as shown Iin the following egquations

obtained by totazl derivation of input xn demand equation : (figure

A~ 3)

= R - M =
= dx_ = ) (@x /3y ). dy_ + )Y (Odx/3z).dz=
n n r ri m m
= 1 m=1
N - -
+ ) (@ x / 3dp ) . dop + (@ x_ /3 A) . da (9a)
] n X 5 X o n
n =1 g n
=, R _
= d log x_ = ), (0 log x_/ ¢ los y_) d log v E
n 3 n = 1
=4
M -
a“‘- (3 «
+ 2 (9 leog X i log zm) d log z E,
m=1
N -
3 1« J 1 E
+ ) (9 log x_ / log p, ) dlogp  Eg
n=1 n g
+ (8 log x_ / 8 log A} d los A E, (9b)
R
|l = (9-‘ "('3.
= d iog (xi / xj) E (Jd log [xi/ij / log v ) . d log ¥ E1



™

& % /3 1o ' 5 o=
+ Z (3 log €xi;xj] / log zm} . d log z E_2
m=1
N
a i / a W e ) ] =
+ 2 (9 log (x /%) legp, ) . dlogp, Eg
n=1 n n
+ (8 log (x./x.) / @ log A) . d log A E.
& % | 4
(Se)

with
El = outouts =ffect(s)
E, = auasi fixed factors effect(s)
ES = total short run substitution effect(s)
Ea = technical change, ressarch or development =xpenditur=ss,

.. effectl(s).

13



relative short run wvariable factor

Decomposition of
one quasi-fixed

: illustration in the one output,

demand :
factor and two variable input case
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2. Imferring theorstical possible equilibrie From the resiéiricted

o5& Tunction.

9]

The mod=sl Turther allows the calculasticon of shadow Drice for

ch quasi Tixed factor (Lau, 1972)

W
]

-9 cCcrR (P, 2, ¥) / 3z =p (Do 25 ¥} (10)
X m 2 X

The term 8 CR / & z_is the reduction in variable costs for a
unit 1increase in the level of the quasi-fixed factor z - As
intuition suggests and as demonstratsd by Lau (1976) and Dieswert
(123z), at the long run cost minimizing level of & quasi-Tixed

*
input, the shadow prics Dz iz =qual the observaed market orice

. m
p_ . IT the =x-post shadow price and the 2x-ante observed prics
“m
for 2ach quasi-fixed factor are equal, then the actual wvector =z

' - . —h

corrszsponds to the long run-hicksian vector z ; and the short run
and long run compsnsated equilibria coincide (Kulatilaka, 1385).
Inde=sd., assuming that theasre exists only one guasi-fixed input and
that the restricted cost function is strictly convex in zm (in a

domain which includes the observed and coptimal long run hicksian

l=avel of z : sufficient condition) ; it is =zasy to show (Guyomard
=t Yermersch, 1987) : (figurs 4)
B = p oz <z (11a)
2 - m im
m m
% -h
o] : p ez z z (Lip)
z - m m
m m

'™
o



_— - . 5 = .
Figure 4. Graphical comparliseon between zm and zm = pz and pz in

m m
a simplified case
4+ Cost
|
Short Run Average
Total Cost
srac’ srac”
/ A
—_— —— e _’/
S R e e
i ] ' ' Long Run Average
i . 4 . Total Cost
i : 5 :
i : ' i
F ' ' :
3 [ '
A )
N |
| . ;
: p,<pr = 2'<z® it 0,70 o 0 , = o
I z* z z z2 >z -P‘ ’pz
Under the assumptions of one output v. one quasi-fixed factor and
long run returns to scale, at the =z point
3 srac » @ z = ©
where SRAC is the short run total average cost.
= 17y ¢ CR » 9 z + p » = 0
z
L
= - p + p = 0
z z
®
= B I
z z
-h A
if z » zZ {fiqure 4>, then the slope of the tangent to the 3SRAC
=
curve in z is positive and so p > p . In a symmetrical way, ifF
z z
-h ) _
z ¢ zZ . then the slope of the tangent to the SRAC curve 1n Z 1S
=
negative and so p < p
z 2



In a dual way, if the firm optimizes not only with respect to ths
variable 1inputs but also with respsct to the outputs and is in
short run Marshallian equilibrium, then, by Hotelling’s lemma, the
shadow prices (resszspectively the short run uncompensated lesvels)

equal the marksts prices (resspectively the observed levels) of the

outputs.
. x
SR v 2. ¥v1 18 v =5 {HB. 5 25 B.) (12a)
X "
3crR [P, 2, y' (P, 2, 2. ) 1/ 38y _ =¢ (12b)
X ¥ r ¥

7y

Finally. 1if the fTirm optimizes with respect to the wvariable
inputs, the gquasi-fixed factors and the cutputs and is in long run
Marshallian egquilipbrium, then the shiadow prices (o7 the
quasi-fixed factors and the ocutputs) equal th=s observed prices.
Therefore, the long run Marshallian situation, not necessarily
zchieved by the observed techriology, can be approached by three
equivalent ways : 2ither by profit maximizastion with respéct to z
and to v, while holding the variable inputs "at their cost
minimizing levzals ; or by profit maximization with respect to vy
given z and then by cost minimization with respect to z, holding
the wvariable inputs at their cost minimizing levels ; or by cost
minimization with respect to =z given y and then by profit

maximiz=tion with resp=2ct to y, the wvariable inputs held at their

cost minimizing levels :

m -, m m
o s b, ) = & 1B ., 2 (5.9 Bos B.): ¥ (B_s Pos 8.0 )
n x' z N X X = ¥ z v
~F m . m
= X D » 2 (oL 2oy B e w3 e o s, e,
n X X = X = b4 X <
= x (p ., 2" (s y B B.F 4 ¥ (D, =" (B, B B U,
n X z ¥ X - ¥
(13)
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Therefore, it is possible to infer the different theoretical
possible equilibria (short run and long run Hicksian =quilibria,
short run and long run Marshallian squilibria),

short run environment,

(cT. table 1).

given knowledge of
i. e. from the restrictazd cost function

=
(0



Table 1. Crharactzsrization

eauilibriums from the knowledge of the only restricted

CR (8. Z5 il
X

minimization of the

SHORT-RUN HICKSIAN

v

sufficient condition

!

!

strict convexity of CR in 2z l

Min [CRC.)> +p° =zl C2) |
= z

minimization of the total 1

cost function I

CTEP _ s P #D :

X Z

LONG=-RUN HICKSIAN EQUILIBRIUM !

of

restricted

4B 2

the theor=tical

different

cost Tunction

cost function

v €1

[ SRHE]

g

sufficient condition

EQUILIBRIUM

strict convexitv of CR in v
Max [(py =-CR{.)] €32

v

maximization of the

restricted profit function

AR (p . Z. p_ 7
X v

SHORT-RUN MARSHALLIAN EQUILIBRIUM

[LRHE] v/ [SRMEI]
sufficient coru,ii.t.io'n of strict convexity
of CR in z and in ¥
]
| max [py-CR(.J>-p "zl
| zZ, ¥ z -
v
sufficient condition sufficient condition
shtrict convexity of CR in vy strict convexitv of CR in z
(strict convexity of CT in ¥ i (strict concavity of MR in 2z
PR v . . = 1
max [pv = CRCz X=p 2z1€4) Min [CRCY > +p zl (3)
v z z z
- - —m ~ - - -_
= max [py - CT] (8 S = max [p ¥ (.3 =CR{y €.)>»=p 7] 4B
v =z z
7\-‘ \/ /
maximization of the total profit function
BT (p.s P p
X z ¥

LONG-RUN

MARSHALLIAN EQUILIBRIUM

[l

LLRME?2

0



Sufficient conditions to use the Tramework presented in table 1

are the following :

z;z must be positive definite (in a demain which includes the
cbserved and long run Hicksian lesvels of zm y om o= 1, cawe M) Eo

infear the compensated demand functions from the shiort run

compensated demand functions.

Z;y must be positive gefinite (in a domain which includes the
observed and short run Marsheaellian levels of 7r O E s wea op KD
to infer the unccmpensated short run demand and supply equations

from the short run Hicksian equilibrium.

ez Loy
Z:YZ Z;'Y

includes the observed and long run Marshallian lesvels of zm anda

yr~ s m =1, ..., Mand r = 1, ..., R) to infsr the uncompensated

long run equilibrium from the compsnsated zhort run eauilibrium.

must be positive detinites (in a domain which

4. iizZsi-Ticed factcrs dgdeseguilibrium 2 SJIfferent oossibli2

MEeIISUUresS

Assume that the firm’s techinology can bes represent2d by a
restricted cost Tunction with only one output and ons quasi-fixesd
Tactor : the generalization to the R outputs and M quazi-fixed

factors case 1s straightforward. IT the observed level of the

)
(]



suasi-Tixed input is consistent with long run coptimization
tehavior, 1i. . minimization of the total cost Tunction. then
short run a2nd long run Hicksian =guilibria coincide. In a dual
way, in the price spaec=s, significant departuress betwsen the =actual
and the shadow prices oF the aquasi-fixed Tactor can characterize
the diseguilibrium.

in the one output, ones quasi-fix=d Tactor case, thr=s= othar
measurss of the pcocssible diseqguilibrium can bs proposed.

The first-on= is the primal capacity utilization rat=. DUCP »
defined as actual output y over capacity (or potential) output :

puct =% £ ¥

*

Thi=s capacity output vy i= simp defined as the output at

1.7
whiich the short and long run averzgs total cost curves are tangent
to one another (Berndt and Morrison. 1981 : Morrison, 1925, 13$386)

& urs 5 in th=2 case oF constant long irun returns to scale, one

- , , 5 gl
output and cne guasi-Tixed factor). The ratic DUC cartures, the
f

Pt

«Q

d fersnce bpestween short run and long run Hicksiarn equlilibria in

Pebs

z = .
the output quantity spaces. DUC is greater than, equal to, or lesz
than unity oniy 1if the shadow price (respectively the optimal
level) of the gquasi-fixed factor is greatsr than, eaqual to., or

lezs than the market price (respectively the observed level).

Ry
[
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Figures S. Caracity ocutput y

M cost

Short Run Average
Total Cost

— Long Run Average

. Total Cost
1
'
1
|
1
i
I
i
I
M —
'. production y
Under the assumptions of one output vy, one gquasi-fixed factor
-
and constant long run returns to scale, the capacity output v
defined by
- - ]
-3y [ CRCy > 7/ v + p z 7/ y 1 = 0
z
. L] E ]
= d CRCy > » Jdy . ¥ - CRC(y > - p z = 0
z
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The two last measures =smbody identical information. i.=. th=
differences between the long run Hicksian sguilibrium and short run
Hicksian squilibrium in tihe cost space. The first measur=s 1is =zgual

the ratio of 1long run returns to scal 1 to medium run

o =scale, s defined in section 2 (RTS ). The s=scond
measurs is the dual capacity wtilization razte DUC . Morr

i
(1225) show many =qauivalsnt definitions <of thisz utilization

1]
(n2
=
fu

t
d=gree ar= possible. For simpiicity we choose the meassure defired

az the ratio of =shadow costs on total costs.

5. A ca&se stud» vor the french cerezl secior

D purpose, in this section, is simply to illustrate zome
previous thecretizcal issues in an econometric model in order to
characterize the structure of the french c=real sector. Data
concern a cross-section of farms and are detailed in Guyomard and
Vermersch (1388). We specity & translog Tunctional form TfTor the

restricted cost tTunction with an additive error term £CT 2
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where CR 1is restricted cost ;3 ¥ 1is aggr=gate output ; pi are
variable input prices, as for fuel and <il, fTertilizesr, capital,
hired lacor : =z. are the quasi-fixsed inputs : family lacor and

5 |
land. ~

Without loss of generality, symmetry 1is imposaed on the

ke ” Shephard’s lemma gives the cost share

equations, on which we add a disturbances term, Ei’ to refl=c

parameters dij and g

errors in optimization :
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Symmetry and additivity constraints =nsure the thescrstical

restriction of homogeneity of degr==s or2 in inputs pricss.

The ==t ofFf equations (14) and (15) will te usaed to eszti
the paramsters of CR, from whizch the short run Hicksian e

elazticitizs of demand will b= derived :

E.. = (d.. + M. M_.) / M.
iJ 1J a 4

ST = (da.. + % - M) /4 H. Vi, Vi, j = i
1 p 1

By wusing the procsedure 1initially developped by Brown and
Christensen [1981., bp. 212-214}; we can compute the long run
Hicksian price elasticities of demand, not only for a wvariable
factor but also for a quasi-Tixed factor. By the same way, a long
run measurs oFf returns to scale can be derived. We. ootain the

it
following =xpr=ssions Tor the= long run Hickszian pirice-

elasticities :
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The parameter =stimat=zz fTor the final form of the model re

1]

shown in table 2 together with their esztimatsd standard =srrors.
For each point. the estimated cost sharss are cositive and the
concavity of the restricted cost function in inputs opricess is
verified at th= sample average. i Zh anad Zk represent
respectivsly the levels of family labor and land. at thes sample
average, the fitted cost function is convex in 2h and concave 1in

:k: the wrong =ign of parameter fk iz probably derived from

multicollinearity between zk and ¥y, the levsl of output. However,

fk is reestimated by a production function model ra2lying vy
(the lewvel of output) to z, (the level of the quasi-fixed factor),
in order to solve the optimal level ;: = in this case, the

multicollinearity problems are replaced by simultaneity problems.
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Tabl=s 2. Parameter estimates

Standard
Parameter Estimate error

aD 12. 145 0.035
a, 0.379 0. 1231
a, 0. 055 0..117
cI 0.10% G.004
S, 0.3C»s 0.911
Co B, 139 0.013
d11 0.027 0.015%
d12 - 0.026 B 007
d13 - B.022 LR in i I
d22 8. 107 0.01s5
d2~__5 0.00z 0.018
dﬁd - 0.084 0.018
dSé - 0.0281 0.031
d33 g.101 8.0633
ddi 0.145 0.053%
f1 - 0.137 0.08s%
f2 0.730 0. 144
911 - D.080 0.136
9,5 0.014 0.204
Ios = 0.228 0.311
kll 0.004 0. 100
klz - 0.00z 0. 00¢
k21 0.035 0.029
k22 0.034 0.025
k31 - 0.095 D.9233
k32 0. 009 0.030
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Estimatzs of zhort-run Hicksian price =slasticitiszs of demand,

zvaluated at szamplz average, ars zzhown in tables 3 with their

estimated t r=ticos. Except Tor hirsd lzbor, all the estimated

own-grice elasticities ares significant at the 5 % l=svel. Demands

Tor energy and capital are the most price-rssponsive ; significant
1

substitution possibilities bestween capital and hiresd labor,

capital and fTertilizers are found. At the samplse average,

Lt B ; . g = :

ECH = 2,63 : this figure may be wviewed as too high but
multicellinearity problams or omitted rtTactors can distort this

rzsult. Nevertheless, the result is consistent with other measures
of returns to scale based on a tcoctal cost Tunction where &al11
inputs are wvariable [Boutitie and al., 1987] : both studies show

trhat there are scale 2conomies.

Tabls 3. Short-run Hicksian orice elasticities of demand,

evaluated at sample average, Zk and z, (h: family labor, k : land)
1 <
price fu=sl and capital nired fertili-
oil labor zZars

guantity

fuel and - 0.638 - 0.075 - 0.065 0.5628

oil (4.63) {1.24) (0.862) (4.53)
capital - G0.026 - 0. 344 0.145 0.173

(1.24) (6.63) (3.91) {(2.98)

h?gigr - 0.051 0.32 - 0.136 - 0.135
= {0.62) (Z.91) (D.56) (D0.3)
fertilizers 0.153 - 0.118 - 0.04z - 0.23
(4.583) (z.98) (0.8) Z.65)




Aszuming that obssrvsd leveis of aquasi-fixsed fTactors., are
long run Hicksian levels, estimates oF long run price elasticities
of demand are shown in table 4 : these ars consistent with Le
Chatelier principle. Substitution possibilities appear betw=en
family labor and hired labor, Tamily labor and capital, land and

energy, land and capital, land and fTertilizerszs.

Tabls 4. Long-run Hicksian prics =zlasticiti=zs of dzmand, evaluatesed

at sample average z, and z, (h = family l=bor. k : capital)

price fuel and capital hired Tertili- Tamily

. land
@il labor ZEPrS labor

quantity
fuel and - D.7C5 -Q0.047 -C.15 0. 307 0.11¢9 Q.42

oil
capital - 0.0168 -3J.4285 -J.065 -0.0z2 0.130 0. z62
e < Q.129 =0.14& g. 496 ~0.337 —0.961 wpl. 143
labor _
fartilizers G.075 -0.015 =3 105 -0.634 -0.033 0.718
family labor 0.034 0.10& 0. 355 0.047 -1.09 0. 064
land 0.170 0.262 -0.063 1.025 0. 763 -2.186

Table 5 sihows the long run Hicksian prics elasticities in the

(=

v
m

m

where only Tixity of land is relaxed : the prsvious rsiations

=

=h

o substituability with land also appesar- ;3 the last =lasticitiess

can’t b= compared. in the view of the Le Chatelisr orinciols, with



th= praevious szhort run Hicksizn price =lasticities because. in
=zach case, the point of approximation is different. Finally, in
the case where fixity of land is relaxsd, th=s measure of returns

to scale give :

ecuT (2., =z

where h corresponds to family labor and k to land.

Tatle 5. Long-run Hicksian price elasticities of demand,
evaluated &t sample average, 2h and ;: (h : family labor., k :land)
orice fuel and capital hired fertili- land
oild labor zers
gquantity
fuel and - 0.734 - 0.132 - 0.205 228 0. 8¢9
oil
capital - 0.07 - 0.8606 ' [ = 1 ey 0.2z22 0.37
A e - 0.156 0.030 - 0.283 - 0.575 0. 966
labor
fertilizers Q.06 = .35 - 0.18 - 0.83 0.83895

land 0.013 2.036 0.018 0.054 -8.119
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5. Conmcluding remarks

In this last section, we point out that the explanatory
statements, provided 1in the preceding sections, allow a better
understanding of some previous empirical works.

First, let us considsr the case of a negative shadow price for
a auasi-fixed factor (zee, for example, Huy . Elterich and
Gempesaw, 1%87). This dual pric= is s3imply cbtained by derivation

of CR(DX, ¥y, 2) with respect to e

3CR (P, ¥, 2) / 8 2z =-p
X m Zm

*

This equation implies that a2 negative dual price DZ is
m

egquivalent to impose that the restricted cost function is
increasing with resp=ct to zm. in a neighbourhocd of zm. However,

as it was demcnstrated in the first secticon, property (IV) of Tr==

C

diszsposal 1impliez that CR [Dx' Y, 2) iz non-d=screasing in zm.
Conzegquently, a negative shadow price involvez a lack of Tre

(I

disposal. This last statement is untenable regarding soms wusual
inputs as land or capital for instancs. So, except the lack of
free disposal, an =conomic interprstation of & negative shadow
price is risky.

Jur point of wview is that this issue is grovided by wrong
csigns of paramsters which are probaibly due to multicollinearity

problems.

Secondly, most applisd studies taksz only on=s guasi-fix=sd
Tactor intc account. s have devesloped the analytical necessary
exprassions for derivating the long run Hi
i case of & translog restricted

elasticities within the sp=c

It
O

cr

i
function and two gquaszi-fixed factors. However, the generaliization



te the m aquasi-ftixed Tactors case iz not strzightforward. Thus,
the formulas established by 3Sauirss (1%27) =rs inaccroeriate,

d

14

particularly becauz= the optimal cost share of each auasi-Tix

imput are not =xplicitely and analyvtically defined.

o+

Finally our pap=r =hows the importances of taking into accoun
E

o}

»
b

the guasi-Tixity of some inputs. The reszearch alzo illustrzate

e

sensitivity of Tindings to the specification of squilibris.

W
G

b
-4

=

ths farmers ars short run profit maximisers (model of iggins,

1986) the calcuiated substitution effects reprssent = movement
along the olc iscguant and ths expansion e&efrtact. But the
uncomep=nsated elasticities do not correspond to thes total =ffects

of a price change due to the guesi fixity of some inputs.
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