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1. Introduction

In the recent periocd policy makers have become reluctant to
cut erice support in order to reduce the widespread excessive
capacity of the farm sector in developed countries. Intervention
schemes which do not disturb the vested interests but prevent

budget costs from increasing further have become more popular.

Az making the transfer as obscure &3 possible 1s a&lso &
target of farm oressure groups, it doss no come &% @ surprise
that production auotas. land set aside, fertilizer rationing and
all socalled suprly management volicies play an increasing role in

farm programs.

There is & growing literaturs on production guotas and supply
control policies. particularly in Canada where these tvpes of

instruments have been implemented for some time [(Arcus. 1978

Barichello, 1981, 1984 1 Veeman, 1$&2 3 Schmitz. 1983 3 Gouir,
19288). In Eurcope. the dairy guota has attracted an extensive work
of analysis (Marvey and Hubbard, 1984 : Perraud ed.. 135X).

Most studies deasl with the evaluatiorn of the rent or of the
transfers and welfare lose in & vartlial eceauilibrium framework
approach 1in the context of markets for acuotas. But auoctas have
also become & challendge to model builders, since models estimated
and designed in an environment of price support policy instruments
have to be used now in the context of a supply management scheme.

The natural reswvonse of the ecornomist in that context iz to ftind

out the "price cut equivalent to the auota constraint”. This has
been done by some authors (Ionnidis, 1921 : Bingley. Burton.
Strak. 1985) . But & real endogeneization of the shadow price

ecquivalent to the auota, which traces the c¢ross effects in the
model, is rarely dorne. This 1s however important in multioutput

multiinput commodity models. Munk {(1985) has achieved an actual



endogensisation of the milk and sugar shadow prices in & EC supply
model closely based on modern production theory. Mahé, Tavéra,
Trochet (1988) have mlso fully endogeneised the dairy and sugar
shadow prices in an international agricultural trade model

focussing on EC and S,

Lau (197¢6) has characterized the conditions under which
supply and demand paramsters without auantity constraints can be
deducecd from the parameters estimated under some input o output
fixity and has showhn how Le Chatelier’s principle applies. Brown
and Christensen (19811 3 Kulatilaka (1985%) 3 Sauires (1987)
Guyomard and Vermersch (1989) have implemented practically the
procedure proposed by Lau in order to derdive long-rurn input demand
elasticities from short-run parameters estimated under input

ard/or output fixity.

Recently Moschini (1988) has, for the first time apparsntly,
used the dual aspproach to estimate a multioutput - multiineout
supply model in a context of supply management policies. He raises
the idissue of analysing the comparative statics of producer’s
response under supply management and, after studying two sources
of  Jointness in input quantities [(Kohli, 1981 i Shumway, Pope,
Nash, 1884), he statesg that withouwt & gesmeral guidseline, whether
o ot stikply restricting policies will itcrsase or decrease the
supply of warestricted owutput and the demand of wvarisble Inputs

will be puirsued at the empirical level.

The purpose of the praesent paper is to explore various cases
under which the comparative statics of supply behavior under input
and output rationing can be characterized in more details. We
treat jointly the cases of a auota arnd a factor fTixity as they
really are mirror imades of the same problem. In order to do that,
the theoretical basis of the approach is laid down in section 2
where the use of shadow prices and diseaguilibrium gaps is

introduced as a simple way to carry the analysis. In section 3, we



develop the essentials of the comparative statics of supply
behavior with respect to the level of the aqauota and the fixed
factor. Emphasis 1s put on the comperison of the supply behavior
of unconstrained auantities while some other inputs or outputs are
rationed., with respect to the same behavior without rationing.
Attention is centered on cross price effects. Section 4 deals with
a dynamic approach of the same problem, and simple analytical
relations between short-run and long-run responses are derived,
They lead to an estimable model of the demand for duasi-fixed
inputs which is less general but simpler to specify tharm the orne
of Epstein (1981). A numerical illustration of the gradual
evolution of supply and derived demand elasticities over the time

lags after the initial price changes, is finally provided,



2. A theoretical framework to analyse supply behavior under

rationing

In order to characterize the behavior under constraints, we
make use the krowledge of supply response without or before the
implementation of the rationirng. This is made easy under Tairly
general conditions as thes comparative statics of unconstrained
supply behavior is better known (e. 9. Saskai. 1974). As there is
arn evident symmetry betwesrn introducing constraints on the one
hand and relaxing them on the other, the comparison with the
oroblem of movinmg from short-run to long-run response is of some

interest.

2.1. The erffect of ratiominmg on producer’s behavior

Whert all prices are given and producers are free to adjust

immediately, the familiar producer problem is.

(2.1) Max { v’a 3 a €T} =1 (v)
]
where o 1is the vector of {(n+m) Nnetout avantities, VA the

(transposed) vector of corresponding prices and ' (v) the
(unconstrained) profit function. The feasible set T is assumed
strictly convex so that optimal quantities are unicquely determined
and well behaved function of orices. The wvector a is partitionned
into two subvectors of aquantities a, always variable and
auantities g susceptible of being constrained. A similar
subdivision applies to the vector of prices v. Problem (2.1) can

then be written =ms,

o
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Supply functions of netputs are cobtained from Hotelling’ s Lemma,
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(2.3) b) njo = ay (v, vy

where ﬂ: and Us are the gradients of the profit function with

1 0
respect to v1 and Vo' When auantitites are pegged at say qo by
policy instruments (auoctas, set aside...) or market rigidities and

adjustment cost (factor fixity in short-run), varisble quantities

qi do rot behave in the same way with respect to exogenous prices

Vv sirnce they are also a function of QO, Following Rorbarth

l,

(1941), define Do the vector of virtual prices which ensure that

) == u . . .
the unconstrained cauantities qo as functions of prices will stavy

at level &5, by

u

(2.4) A, (v1, DO] = dg s

Then from the krnowledge of (2.3) we can infer how supply managed
goods will modify the behavior of the other supplied and demanded
goods and factors. Following Sakai’s (1974) decomposition rule,

ard if (2.4) can be solved for the virtual prices Do as function

of v,1 arc a@, we can define the relation between the restricted

R
beravioral functions Ay and the unconstrained functions defined as
in [2.3)9



R = . u o — .
(2.5) a, (v,. qol = a, ij. by fvl, QO)J

with v, as defined by (2.4). Restricted supply and demand
functions q: can then be analvysed, as they are eqauivalent to the
solution of the system (2.3 al and (2.4). In particular the
comparative statics of (2.5) can be easily derived from the
Hessian of the unrestricted profit function ﬂu(vi, DO], when twice

differentiability is assumed.

R . u u
(2.6) aql (v1, qolfavl = aq1(v1, Vol/a¢1 + (aq1 (v s vo)/avo).(avo/8v1]
or,

R = u u
(2.7) Ba, (v, a)/d, = nvivjrvl, v+ HV1V0 (vys bl (8 /v )

The gradient of wvirtual price wvector w.r.t. v1 is derived

from differentiatinmg (2.4), taking {2.3) b)) into account.

(2.8) MY (v, ») o v, + 0" (v,
vovl 1 0 1 VOVO 1

) ) R
Ay explicit solution of (2.7) and (2.8) for dq1 in terms of

t:iv,1 and dao around the point (v1, DO) can be derived. The same

result can be obtained by total differentiation of (2.5) with

respect to ¥, and Uo where dvo and dao are related by equation
(2.8) which defines Do implicitely. The complete system of supply
response can then be written in terms of the Jacobiasn of the

unconstrained profit function.



da n' (v, vy 0" (v, Dy) dv

(2.9) -1 - \:;1v1 1 0 \‘/I‘IVO 1
day 1 (v., v 1 (v, D) dv
0 VoY 1 o] YoVo 1 o] 0
It should be emphasized that the cross partial derivatives of
n" are evaluated at the point (v1, qo) i.e. (v1, VO). Then (2.9)
carn be solved for the actual =ndogencous variables 1., [dqln dVO)

with respect to the new set of exogenous ones which are Ldv1,

dqo), that is, dropping the amrguments in the profit function,

dC11 Hu _ l.lu y (nu )-‘l I1u l.Iu [Hu \ ]-‘1 dV1
(z.10Q) = VY Yi¥o  Yo'o VoY Yi¥o Yoo
APy &[H: v i H: v (ng \ )7 L_J::;O
0 0”1 Yo¥ o

The strict convexity of the production set ensures that n" v
0°o0

is positive definite and invertible (1). System (2.10) allows to
completely characterize the comparative statics under constraints,
an the basis of the information of the unconstrained supply and

derived demand responses, evaluated at the relevant contrained

eauilibrium (qo, Voi.

There is @& similarity between the system of eguations (2.10)
which allows to describe the constrained behavior on the basis of
the unconstrained one, and the problem of deriving long run
behavior from the short-run responses. To be more specific. the

same informatiorn as in (2.10) could be abtained directly if the

R .
Jacobian of the restricted profit function I](vi, qo) is known.

R - y
Il (Vi’ qo) is defined by the producer’s problem



(2.11) M§§

APplying the enveloppe theorem to (2.11) Provides the Supply
functions of the Unrestricted Foodds q1 when goods qo are
Constraineg at level qa. The same Procedure also Provides tpe

shadow erice Do 88 @ function of vl and qo.

G
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<

<

An eduation eimilar to (2.10) can  pbe obtained by tota)

R - R -
oy 1l (v, a) I (v,. a) alv
(2“13) _ v1v1 1 0 v1q0 1 (4] 1
R - R - -
~dp i (v.. a) n (v., g (1=
oV, 1 0 9% 1 0

The fduivalerce betweean (2.13) and  (2,10) can be Furthear
explored by Using a Procedure similar to  lLay or using  an
appropriate version of Sakai’g decomposition. It can pe shown that

" - n 2 -1 o +
the contraction effect -1 (" ) n 18 Just  the

short-run to long-run cAULlibrium (Mahe, Guyomardg 1989)

In particular it appears in equation (2.10) that sSUPPRly and
derived demand response of goods 9, with Fespect to the price
vector Ve Is now modified, Moreover, another application of l.e
Chatelier’g Principle ig aPparent as the diagonal terms of the

-1
matrix Y (" ) n" are  auadratic forms  aroung the
(VIRV (VIRY, (VERY]
170 0’0 01 : .
Positive definite metrix (q/v ) Therefore Output Supply
0’0o



réesporses of Unconstraine Quantities to their own Price become
smaller with constraints put ON gquantitiegs 9o A similar result
applies to the magnitude of input demand Fesponses teo their own
Prices. Thig is the exmct Counterpart of Lau’s resylt derived from

the restricted Profit function.

AsS noted by Moschini (1988) what happens to cross price
effects 1ig much Jless obvious partioularly whern one Uses the

restricted profit function, where cross effects between Auantities

R i3 . .
of the type au1i(v1’ qo) / aqo i are not easy to interpret . The
. . i g . ‘ . u .
situation i mueh easier when one starts with 11 (v],vo) since
Cross effects are Just Cross price elastioities and are more

familiar FParameters .

22, The notion of ‘Pairwise similaripry”

In order to Characterize the behavier Under rationing, it is
convenient to introduce the definition of "Pairwise similarity"
a pair of hetputs 9. and A, will be said to pe similar with
Fespect to g third netput Aq if the Cross«-price e¢lasticities of q:
and q: with respect to Vo have the same sign, that is, with Usual

Notationsg if

u u u u u u
(2.14) EqrvO.Eqsv = (vo/qr . 0 qr/a vo).(vo/qs . 0 qs/avo) 20
r= {i, R} 308 = {j, Kk} s 01, J o= 1, ey N5 by ko= og, s m

10



For purpose of clarity, outputs y1 = ql voodo= R A

with prices pi and inputs xh = - qh soho= 1, see Moy with prices

W, 8re now identified. Inequality (2.14) may then be written in
terms of the second partial derivatives of the profit function
Wﬁv) and in terms of the cross price derivatives of the factor
demand or output sUPPLlY equations (2), Table 2.1 summarizes thegse
different exXpressions by distimguishing the nature, output or

input, of the hetputs taken into account.,
linsert table z.17]

As an example, twao inputs xh and xk are said to he similar
with respect to input Xo if both are substitutes for Xo or if both

are complements to X Two outputs yj and y are said to be

0"
similar with respect to Xo if this factor e suoerior or inferior
in the Production of both outputs, Ir tke same way, output yi =alw|
- = N B - B . u
input Xy 8re said to be similar With respect to Input Xy if Eﬁ N
4i'o
u . B . B . o N B -
€ v is non negative, that is if input Xo 18 superior [1nf@hlohl
qh 0
in the Production of yi and inputs xh and x0 are complememt
(substituable). Similar interpretations of ineguality (2.25) can

be extended to all the possible cases,

A pairwise similarity of two retouts with respect to @ third
Netput is defined at & given equilibrium peint. As  an example,
given price vector Ve similarity ie defined on tre basis of the
Unconstrained profit function. of Course similarity of a . and <,
with respect to =P &t this point does not imely glmllmPltY at an
ether equilibrium point, and more generally, does ot imply
similarity globally., As = Consequence, two fetput s d,. and a, can
be similar with respect to q at the point F CUPP@SDOhdth to
n%v) ang not at the point g ¥ correspording tao ﬂ(v ). It can be
readily verified that & technology whiech 1s normal in the sense of
Sakal (1974) has all pairs of inputs a&nd outputs similar. It may

be called strongly similar. This condition of similarity, which

11



doesg not | seem overly restrictive for & fairly gddregated

definition of goods, will allow to characterize how the

3. The modified cross effects of the comparative stetics under
rationing

The main results of comparative statics wil} be carried
basically on system (2.10) which assumes (2.9) krown, but in order
to make the results more transparent and easier ta interpret (i)
inputs andg outputs are separated again, and  (ii), to keep
Notations hovefully simple and to Provide conveniemnt formulae for
empirical use, the basic equation Ccorresponding to (2.9) is
written in terms of price elasticities, With a gelf evident

Lartition of the matrix one getsgs

107 11 10 _ 11 10 7 "1 B
[y [E7 1011 ¢ [ o [ =
‘0 01 _00 _01 qo "o "o
(3.1)] ” = E E i F P + =
3 11 10 11 19 "1 "1
x ! 6 s %ty W b
"o 01 _00 01 o0 "0 "o
[ x° ] [ 677 6"7 HO o0 | [ ©® | | b°% |
(ne+m)x1 (nem) x (nem) (nem)x1 (nem)x1

12



N -~

1 1 .
where Y ». X are the vectors of Percentage changes in

unconstrained output and input Quantities with corresponding

1 1 1° 1
vectors of Price changes o} and and the g ¢ and b s the

with shadow Price p° and x® ©° are the eauivalent notations for
fixed inputs. ao and bo are the rate of technical change Qiasﬁon
fixeg Auantities. (3.5) has to be sqlveq foT the vector [yi, p%
xl, 0% in terms of the vector [01, yo, wi, x %1 and of the bimses

a’s and b’s, (3.1) ise first solved for the virtual price changes

%, W,
[~ 7
[}
- ;o ) E01E°OF°1FOO 50 . éo
;o 601600 01 oo ;1 éo
[ o°

or aftep collecting Unrationed andg rationed ocutputs and factors

together

¥

~X
m
-
>
m
-5
T
o

(3.3) = + ' +

b3
o
e
]
€
T

From the strict convexity of the Production set, we know that

00 _o0o0
the matrix E 3 is non singular ang its determinant
00 00
G H
0 _oo
D = E°® 4O _ g00 oo negative (3).

13



The "full comparative statics of endogenous variables 1, e.
shadow prices, quotsa rent, fixity Jloss and unconstraimed Supply
and demand, can pe investigateq by solving equation (3.1), This
has been dome elsewhere (Mahe and Guyomard, 1989) and will not bpe
PUrsued here (4), The impact of duotas and factor fixity on cross
Price elasticities will be explored under the condition of
pairwise similarity introduced above .

In order to ihvestigate oNMly the Cross price effects, we

0 0 0 0 1 1
assume now v =X = @ lw} = & = b = 0. Then the Percentage

it

1 1 o} 1 0 o -

(3.4) ¥ = [Eiu'E o(wﬂo e 0 ¢ p-1
10 00 01 00 01 -1. "1

+ F (~E G + G E ) D Ip

1 10 00 _01 0 01 =

+ [F' g1 (400 Lo o HOY bl

0 00 01 00 _o -1, 7
+ Pl (-E H + G F 1) D ] w1

(3.5) x! = [G’ﬂ—G’O(WHOOEOH-F°°G°1)0'1
-1 1

10 (010} 01 ao a1
_ 1 e

(#]0] 0 .
*IH v 67 (-0 p01, poo Yy p-?

00 01 00 _o01, 4
+ G For)

Properties (5) concerning the Cross price effects among
Unconstraineqg Auantities can Nnow he derived, Under the assumption
) ) 0]
of similarity of each pair of goods with Fespect to vy and x

first examine the one guota or one fixed factor case, which ig
Unambiguous.

pProperty 1 . under the similarity condition a binding constraint



more substitutable.

Property 2 . under the similarity condition, a binding cConstraint

oN  an output or an input makes the unrestricted OUtputs more

-~
[
o
i3
N—
~
(=
i
m
-
(S
{
m
)
o
N\
m
o
o
p—a
!
=)
m
o
Y
—_
T
=

r
(Y]
o
]
p —
x
(=3
I
@
(=Y
[y
1
()]
b
(=]
.
m
o
o
p—
{
-
m
Q
5
T
-

11R 11 00, -1 _10 o1
(3.6) Eij =By - E ) Na on

P . s . 1
under the similarity condition, we have Eig Eg; 2 0 and since EOO

is Positive,

(3.7) g1F gt

output guotam.

15



In =& similar fashion g typical rationedg Cross elasticity

between inmputs in (3.8a) is given by -

11R 11 00, -1 10 _01
(2.8) Hhk = Hhk - (E ) Gho FOk
.. . 10 10 10
In the case of similarity Gho GkO 2 0, ancd by symmetry Gho

1 11R 11
F < 0, therefore Hhk b Hhk, hence inputs R and k tend to become

By & similar argument it can be seen that crosgs elasticity of
input demands W.r.t. output prices become smal ler algebhaioly,
hence the tendency towardg ihferiority,

11R 11 00.-1 10 01
G =

(3.9) Ghj =Ghj— (E™) ho Egj

Similarity of drput Bk and output J w.r.t. the output uUnder

B 3 10 01 11R 11 ..
dguota g implies @ E.. 2 0 and therefore G . = G, Similar
0 ho 0j hj hj

results can be derived fapr one fixed factor,

This is ag far as similarity can bring Unambiguoys results.
As mentioned before, wher one starts with the long—run Norme ),
technology of Sakasi, where similarity is verified, implementihg
duotas opr fixed factors one at a time will induce more
substitution and more input ihferiopityk Herce we get away From
the normal techrnology and at some Point there will be Pairs of
inputs or CUtpuUts which may no longer be similar. It would be
convenient teo have more deneral resyltg wWhen several outputs Qr
inputs are Constrained in the same time as in exXpression (3.1)

11R 11
which leads to the following relation between Eij and Ejj:

00 00 01
- -F E
11R 19 -1 10 _10 0
(3.10) Eij = E‘j v D [éjo jo] 00 00 01
G E “Coy

lé



It {s Convenient to rewrite (3.10) S0 that Submatrix x

with krnown Properties appears,

Y e ow e,
11R 11 -1 .
(3.6a) Eij = Ejj + D “““—““E—“*“a Q, with
Yg m X &y
axo ayo 5
0 o |7 Lo T o & "/ apj
(3.6b) @ = (3 /%7, 3 sa,Y Ay Ow
i i 8y © 8y © .
T — -/
8 © 8 © j

As D ig Negative, if g is non Negative, then the tendency
toward Substitution would follow. It is worth Noting first that
when i = j g is now a QUadratic form around g symmetric Ppositive
definite matrix, herce the Le Chatelier’s effect is verified. When
i # 3, the similarity condition can pe Used to write g as

QUasi-definite form (e.g. Muratea, 19727, p1 67,

ayo ay_ a)’.
a5 O = — = - ] W1th @ > D
abj a2 8 °
axo ayd Oy
&% T Ty = B—% | Lien B> o
% 3 B °

Then @ can be written gage & auadratic form around a non

0 0
Ix Oy
ayz O 4 - — g d / 3°
0 0 i
G = — e Ow Ow
o A axo ayo .
o B T *ayj / Ow
oS Ow

17
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L.et A pe the non Symmetirieo matrix 4in Gy From the positive

definiteness of "u D the diagonal elements of A are positive,
00

Then if A + A’, where A’ is the tranpose of A, has g column
diagonal dominance, tpren A+ A g Positive definite and @ ig
positive (Murata, p. ©1). Column diagonal dominance of g + A°
wWould be ensured by tpe e€xistence of POositive Numberg d1 and d2
such that

axo ax°
(3.7) d. 2« - — > oo [ o+ B) ==
&, © 2 a’Oo

If one Comsiders that in most cgees the own Price effect is

larger than the crass eTfects, then 1:1‘l = 1/ and d2 = 1/(a+B)
0 0
Ix Ox
exist so that w mm——] g ol ensures that (3, 7) is verified.
0 0
A e/
It is worth noting that if o and B are equal, i.e., jif the tuweo

g20ds  are sych that the ratio of their SUPPly responses With
respect to the Price of the Jood under “uota ie equsl to the ratie
of their SUPPly response to the fixeg factor, then the result of
more substitution opr less complementarity follows, Therefore while
the resylt doss pneot seem to he completely deneral with the
“ondition of gimilarity, the tendercy toward substitution when
Constraints are imposed se2ms to pe valid undep fairly denaspral

conditions,

18



4. The dynamics of adjustment of fixed auantitiesg and the
observable techhology

In the Previous section the fature of Cross eftfectsg in the
behavioral eAuations was shown to depend on the extent Of binding
contraints on Producer profit maximizinmg decisions. The dugl
techrology which ig Underlying ig also clearly deperident opm those
contraints of fixity. as the producer cannot adjust imm@diat&ly to
price changes, the firm is never observed ipn an equilibrium either
of  short FUun or  of long run but somewhere {ipn between on a

tPahsitoPY Ppath towardg it. Then the speeqg of adijustment is the key

CCconometric work where the adjustment Process is not formally
included byt implicitely assumed. This section attempts to built
on o the dis&quilibrium framework Used above to derive a simple
dynamic estimable model of supply behavior in the Presence of

duasi-fixed factors,

netputs two behaviora] models are relevant. The first i1s lorg-~run
eauilibrium model whick corresponds to costless ang immediate
adjustment to new priceg. Assuming linearity, We obtain,
u
A A v Gl(tJ

q
; it 11 12 1t
(4.1) = +

u
o APTRE P Y2t &,(t)

where Gl(t), az(t) are functiorm of ¢t standing for the intercept,

the technical Change ang a random errop term. The Fartitionned

matrix in (4.1) is the Hessian of the UNnconstraineag Profit
u

function i.e. Ars = Hv v s €(1, z) . 4 refers to g variable
r 8

Retput, 2 to 8 duasi-fixed netput.

19



Now, if in fact qz cannot adiust immediately to the optimal

level, then the observed quantities q q2t are produced by the

1’
same mode ] where virtuasl Prices Uzm are substituteqg for

observed Price v2t.

= +

b) < A A v Gz(tJ

a) Ay A11 A12 Vit Gl(t)
(4.2)
2t 21 Top 2t

We  can assume to start with, that g Partisl adjustmert
Process descripes the movement of the fipm towardg the optimal
target .

2t 2t-1 2t 2t-1

It ie assumed that outputs can adjust Treely in agbsence of
output duotas and that only inputs lag behing optimal levels, gs
they are the actual ihstrumehts to reach desired output levels

u
qlt (vit’ V2t

account for errors in meeting the duota leve] with the suUubsequent

). Eauation (4.3) could be made more complex to

penalty fine which raises m specific Problem ot risk behavior im

the Presence of duotas, byt this is left aside here.

By combining (4.1), (4.2) and {(4.3) 3 system of observable

equations obtains. For q2t we get,
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auasi-~fixed' input. The actual levels of auasi-fixed inputs are &
weighted average of the optimal levels at time t and past obhserved
levels at time t~1, where the adjustment matrices A and (1-A)
serve as weights. Through substitution, uwe can see that equation
(4.4) can be rewritten as

o0
i u [s1]
a,, = iEo (r - A Nago (+ (1 = A ST
(o +] . s
e | ol
(6.5) a,, =iZO[I-/\J A [A“ Vieeit Mgy Voot o (t-1) ] =N
In equilibrium q;t_l = q; - Therefore in the long~run,
. i [s ]
1 u
Gy, = 12% (I - A A 9, + (I = A Uy

Stability of the adiustment scheme requires that the
characteristic roots of the matrix (1 - N be within the unit
circle, Furthermore the adjustment path is monotonic if the
Characteristic roots are reml Positive rumbers and oscillates (s)
otherwise (Nadiri and  Rosen, 19¢9), From (4.5) short-run  ang

interim price elasticities of q2 can be derived,

For observed 94¢ there is @ virtual price vector Dzt which
corresponds to the observed vector 9o¢ BNd which exXplaing the
optimal level of Unconstraired netputs given the guasi Ffixity of
factors. First, solving (4.2 b) for P,y &nd using (4.4), e
obtain



The obgerved sSequence fopr q1t may now pbe derived,

= D
qlt Ali v1t * A12 2t + a‘l (t)

-1
-1 -1 -
=AYyt Alz[ AL (A - 1) AzaY gt Ay, A AoV oyt Ass (A - 1) o, (t)

-1
AL (I =N th_J + oo ()

Finally,

-1
(4.7) q“x[A“+ Az Ay, (A - 1) AZJ Vi

-1 -1
t AL Aas A Aas Vap * Az Asz (A - 1) ® (t) + o (%)

- A A (A - 1) P

In (4.7) it can be checked that if A = I s in absence of
input Constraints the Tfirst part of eauation (4.1) is retrieved
and actual matchesg optimal path. 8hort-run, interim and  long-rum

Price elasticities of unconstrained Food q1 can bhe derived from

Equations (4.4) and (4.7) provide analytical forms which are
estimable with Proper specification of the error terms. It can be
seen that in (4., 7) two variableg appear in simultaneously, name 1y
the observed QuUantities of the duasi-fixeg inputs ang their market
rental Prices, while in most econometric work of estimation of
Production technology and supply response we fing elther prices or

Quantities of goods but not both. Thig is Necessary here as it



Clearly (4.7) shows that by failing to epecify the netput

interactions created by the Quasi-fixities in the estimated model,

or long—run response or  of technical change biases. These
Parameters depend dgenuinely on the speed of adjustment and there
is no way to speak about magnitude of elasticities wWwithout & time
frame in mindg as it dis well kKrhiown. As for the technology and
Particularly for input-output substitution, complementahity,
normality relationships, the speed of adiustment ang therefore the
time frame is also a genuine element of informaticn to ke

specified clearly,

When there are strictly eXogenous quantities th(output
and/or input quotas) the model structure has to be changed in the
following way. 1n & first step, the Hessiarn matrix in (4.1) 1is
modified using eduation (2.10) in order to take into account the

- * * - o
New constraints, i.e. the optimal qit, th are conditionmal on the

level of Production quotas qo

* - -
-
[ Dt Air Ao, Ao [ Yt [ x,(t)
4
(4.8) q2t = A21 A22 A20 V2t + az(t)
L thJ | Ao1 Aoz Poo J Y [ %plt) J

AN equivalent expression to (4.8) is

x - -1 -1 =1 = .
[ Dt [A11 ~ Ao Poo Aoy Pz = Ao f00 Moz R, 1655 ( Vit
(4.9) B A A ATl A A ATl , A all
A T2t |F[A21 T Aup Ag 01 22 20 "00 “o2 20 Tao Yat
) ATl A ATl A pl
L Poe ] L ~ P00 Poq " Poo0 P2 00 1 L “oul




1
a1(t) - A1 A ao(t)

1
Tl %RlE) - ALy Al a ()

In a secong step equations similar to (4.4) and (4.7) are derived
for observed q2t’ veing the relevant partial derivatives modified

in sueh # way that striet duotas are Nnow accounted for,

-1 -1
(4.10) Do = A [(A21 - A20 A00 A01) Vig t (Azz - A20 A00 Aoz] Y2t
-1 - -
+ 20 Aoo Go¢ * A (E) - Azo Aoo ao(t) ] + (I - AN ¢ o

v p Q @8 in expression (6.2). Solving (4.10) ang the
second row of the matrix equation (4.8) for DZt, Using (4.10) and

elugging into (4.9) gives the generagl equation for observed q1t in

the context of duotas qot and Auasi-~-fixeq factors qu

-1 -1 -1 -1
(4.11) F1¢" [(A11 N A10A00Ao1)+(A12 T A10%00%02) (A g2~ A20%00 Aoz

-1
(A1) (A = Ay, Ao AOi)] Ve

-1 -1
E [(A12 T A10P00%02) A2z - #20" 00 02 A (Aaa™ Aygh A02)]V2t

-1 -1 -1 - -1 }=
* [410 Aoo + (A12 = A40%00 Aoz (Azz 20”00 Aoz) (A-1) Azo A o0 ]q0t
) — A ATl a8y 4 (a Ao Aon A Y (A - 4 atla g1
L 1 - 00 “o" 12 ~ P49 Ay 02 22 20 o0 g2
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-1
(A - 1) (o, (t) - Ao Aoo ao(t)J]

-1 -1 -1
- [(A12 = A0 Pao Aoa) (A, - A20 Poo Ao (A - I)] g

5. A numerical illustration

The production structure of the EEC agricultural sector ig
first summarized by @& price elasticity matrix, presented in table
5.1. In order to illustrate the qualitative and aguantitiative
relevance of the foregoing analysis, Consider the following
NUmerical example. These elasticities, correspond to the long-run
Marshallian equilibrium where all choice variables, except land,
are permitted to adijust optimally. Seven oUtputs, five variable
inputes and two GuUasi-fixed inputs are included : the elasticities
are derived form the literature as far as magnitude 4¢ corncernec
but theoretical constraints (homogeheity of degree zero with
respect to pricesg, symmetry of the Hessian matrix) are imposed to
improve consistency (Mahe, Tavéra, Trochet, 1988) (7). Gross
complementarity between outputs and hetweer inputs prevail except
for certain Pairs of netputs T grains-Gsyu grains-sugar 5
Cakes-sugar andg cakes (Used as an input) - other inputs,
Furthermore regressive relationships between inputs and outputs
are ruled out. Table 5.2 a) shows the compensated output BUPPly

elasticities which are derived from table (5.1) by Using
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expression (3,4) where z1] inputs agre Tixed and a1} oUutput
variable, As expected, and because each Pair of outputs is similar
with respect to all inputs, in the long run Unconstrained case,
these Hicksian supply elasticities are smaller than their long-rumn
Marshallian Counterparts E the contraction effect g always
Negative ang large enough S0 that outputs are nNow rnet sUbstitutes
(see table 5.2 ). Similarly, Compensated input demand
elasticities ere presented in table 5,3 @)) they correspond to
the case where 11 oUutputs are Constrained by Production duotas,
Similarity Properties of emch Pair of inmputs With respect to all
OUtputs imply that the Hicksian demand elasticities are larger in
algebraic value than their Marshallian Counterparts. Again, note
that the magnitude of the Contraction effect (table 5, 2 b)) is

large eNnough so that all inputs are now met substitutes.

[insert tables 5,1, 5.2 and 5.3]

The short-run Marshallian price elasticities @re provided in
table 5_ 4. Thus table 5.4 provides information about Substitutions
aricl complementarities among netput pairs at the short—run
Marshallian edquilibrium, that is fopr a  veagr. Examiming the
oN-diagonal elements of table 5,4 shows that the Le Chatelier’g
principle applies byt short-run elasticities are rot very
different from their long-run Marshallian counterparts ip table
5.1. It 1s also worth hoting that some  regressive relationshipg
Mow appear, Particularly between drains, cakesg anc ceral
sUbstitutes corsidered as outputs or ag inputs, ANnother Notable
Point is that sSome outputs are oW substitutaple P88 an example
beef, Rork and  poultry and milk are  now gross short-run
substitutes with grains. Of Course faprm capital and labor appear
to be the less elasties factors with Uncompensated short-run Price

elasticities of -0, 104 and ~0,083 respectively,

(insert table 5,4 ]



factors to their long-run eqQuilibrium levels is more important for
Cross effectg than for own effects., Quwn pPrice elasticities, in
absolute value, are increasing functions of time as a Coriseguence
of the Le Chatelier’s Principle but the magnitude Oof the effect is
small. It {e worth mentionning that this fairly Unnoticed resgylt
is due to the pattern of evolution of Cross effects over the time
lag structure. Fopr CWN - supply price elasticities as &N example,
Cross price elasticities between outputs increase & lot  under
similarity, put the cross effects of input prices oNn output ie eyt
drastically as well., Therefore Le Chatelier’g effect on own Price
elasticities which is the Net effect of the two due to homogeneity
of degree Zero, has to bpe fairly smal) compared to the effect on

cross elastioities.

[insert figure 5.1

CONCLUSION

The main implications of strict fixities like Production
duotas or irput rationing is to alter the behavior of

UNnconstrained sUpply and deriveg demand functions te prices, in a
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fairly Predictab e way. Under the similarity condition whieh is
Weaker than Sakai’s normality condition byt implied by it, inputs
and  outputs will tend to become more sSubstitutable when
constraints of fixity or Quasi-fixity are imposed on some  inputs

or outputs.

The cross commodity relationships i.e, complementarity -
substitutability, which are often considered as basic features of
the Underlying techhology, can therefore pe seen to depend highly
on the economic environment s on the time Perspective where they
are observed, It was shown that under the similarity hypothesie,
the firm Under guantity constraints and/or in the short-run, will
tend to exhibit more substitutability both among inputs ang among
outputs., When time 4g allowed fop Fresponse  mndg whemn duantity

rationing is relaxed, fdoods tend te become more complements.

The obhservable technology is therefore always in g temporary
stage between short  and long-run and  cannot pe characterized
wWithout making g clegr reference ta existing strict or Quasi
fixities or te the time lag after the shock affecting eXogenoys

variables of the firm’ s environment .

In that Perspective, it is clear that concept of Jointness,
techrical Progress biases, economies of SCope must a@lsoe the looked
at  with g refererce to & time frame and to g degree of
constraining environment., The widespread yse of flexible forms fop
the technology in empirical studies where eztimation ie Performed
without dynamics, is therefore duite exposed to Capturing an
undeterminate Concept of technology with resgpect to time frame,
with an Undefimed mix of teohnological constraints ang speed of

adjustment .
The conditiorn of similarity which ig Useful in order to avoidg

eambiguous effects of rationing, does not seem too demanding at

least when it is defined on the long-run Unconstrained supply
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system. It should be verified in many  situationg where the
aggregation structure over oUtputs ang inputs s carried with g
fairly homogenous degree of detail. Clearly, when very closely
related outputs are kept 1in Parallel with highly ageregated
groups, then substitutability and complementarity among inputs oF
outputs may Coexist even in the long-run and  the similarity

condition ke violated,

From a Rolicy point of view the Preceeding analysis sUggests
that the efficiency of Public intervenrtion will be more likely to
FUn into pitfalls in the Presernce of strict or Auasi~fixity of
Quantities., The effect of constraints is te reduce the response of
the system to the traditional price incentives. BY the e
Chatelier’g effect and the terndercy toward substitutability and
ihf@hiOPityg Unconstrained outputs react less to their oWNn prices,
less hegatively to the prices of inputs but less POositively to the
Prices of other outputs. The suUpply systenm could then he broadly
characterized Y a smaller reaction to its environnement and &
higher degree of dnternasl interaction, Policy instruments Which
@pply to, say, oNnly one outpyut or one input, are more likely ta
induce spill-over effects on other goods. The shift of the budget
problem of the EC from the drain to the ©llzeed sectopr in the
Frecent vears ig A case in point, It is the same  for  tRe
implication of @ fast technical Progress on & constrained outpyt
(as the beef industry in ec is likely to show due to the auota on

dairy Pproduction),

Folicy reforms Will tend to shift problems Father than to
solve them, 4if they do not tackle the whole sector gt orice. In
agriculture when existing distorsions are large and widespread,
Problems of second best limitations of Partial policy Freforms are

more likely to occur.,
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steady pace of technical change, adjusting downward Production
capablilities raiseg specific Problems, because internal cross
relations are exacerbated by tphe Auasi-~fixities of factors ang
increasingly of some products.,
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NOTES

(1) Under strict convexity the matrix ﬂu ie of rank n+m-1
vv
(Guesnerie, 1980).

(2) Similarity is defined on the basis of the elasticities because

only one expression is enough to uncompass inputs and outputs.
Thie is not the case if one would start with the cross derivatives
u
of I (v). Naturally an expression equivalent to (2.14) worke as
well with the slopes rather than elasticities, but it is the
slopes of the positive quantitijes of outputs and inputs rather
than of the netpute which are to be used.
00 00 0 -1 0

E F ( )

(3) by writing 00 50 = 4 % ) [h ] P DO
- v v

G H O (-x ) 0 0 W

which has a negative determinant as being the product of one

negative definite and two positive definite matrices.

(4) This comparative statics also shows that when constraints on
some inputs and outputs are effective, the apparent technical
Progress bias on the unconstrained quantities is affected by the
bias on the constrained inpute and outputs. A sign reversal is

even pPossible as the dairy quota in EC has done already on the
demand for dairy feed.

(5) These properties are also valid when there is only one output
quota or one fixed input.

(6) Such a case is however unlikely if +the model is derived from a

flexible accelerator issued from dynamic optimization (Treadway,
1971).

(7) The original matrix did not include labor, and was chosen to
be relevant to a 3-5 year projection. Its long run counterpart has
been calculated by making use of Tormulae (4.4) and (4.7) and
assuming that the adjustment matrix is diagonal and that the

coefficients are equal to 0,10 for capital and 0,05 for labor.
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65U

" BEE

PAF
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sU
ROA

- CER

CAK
GSU
0TH
0IC
CAP
WRK

Table 2.1.
third dg ¢

Similarity of two netputs qh

altermative formulations.

and

q$ with respect to &

alternative formulations

of the pairwise

similarity of q and
r

q and q are two q e an output y q and gq are two
r ] r i r s
outputs yi and yj and qs 1s an input .y inputs -y and -x
e" e" 20 e e" 20 e 5 20
yivo ijo YV xhvo xhvo Vo
u u u u u u .
ayifavo ayj/avo 2 ayi/avn axh/avo z2 0 axh/avo axk/avo -
(n" (-n% ) 2 ) (-0’ ye-n"  ye g
VoW Vv VLV VVo
Hu u 0 nu u 0 nu Hu > 0
ViVO V,VO ViV tho VhVO VkVO
Table 5.1. Long~run Marshallian Price elasticities for EEC
GRA CAK 6SU BEE P&pP MIK sUG ROA CER CAK 65U 0Th 0I¢C CAF WRE
0.877  0.001 -0.002  0.147  0.123 0.223 -0.010 0.139 -0.078 -0.021 -0.025 -0.082 -0.320 -3 268 -0.7:%
0.035 0,89 0.000 0.179 7,145 0.266 -0.005 0.24¢ -00102 -0,028 -0.033 -0.037 -0.366 -0.279 -0.243
-0.075  0.000 0.075 0.000 0.000 0.000 0.000 0,000 0.000  o0.000 0.000  0.000 0,060 0.000 6,000
0.185 0.006 0.000 1.072 0,202 0.555  0.051 0.3¢68 -0.215 -0.072 -0.081 -0.125 -0.418 -0.415 -1.079
0.145 0.006 0.000 0.189 1,270 o0.271 0,037 0,273 -0.%07 -0.132 -0.199  -p.13¢ -0.353 -0.388 -G.7:¢
0.215 0.006 0.000 0,620 0.220 {473 0.059 0.303 -0.240 -0.091 -0.100 -p.097 ~0.513 -0.538 -1 079
-0.051 -0.001 0,000 0.194  0.151 .29 0.95% 0.2¢7 -0.107 <0.02% -0.03¢ -p. 019 -0.379 0,291 -g.gug
0.077  0.003 0.000 0.160 0.126 0.171 0.031  1.027 -0.09¢ -0.026 -0.030 -0,035 -0.332 -0.339 -p.71
0.118 0.006 0.000 0,255 1,030 0.375 0.034 0.267 -0.900 -0.p08 -0.011 -0.046 -0.2¢6 -0.306 -0.53¢
0.118 0.006 0.000 0.312 0.620 0.520 0.034 0.266 -0.030 -0,652 -0.085  0.011 -0.268 -0.302 -0.53¢%
0.138  0.005 0.000 0.349 0.931  0.5¢9 0.039 0.302 -0.02% -0.085 -0.846 -0,110 -0,2¢7 -0,302 -0.647
0.13¢ 0,006 0.000 0.403 0.489 0.417 0.034 0.266 -0.121 -0.009 -0.083 -0.43¢ -0.268 -0.302 -0.53%
0.228 0.006 0.000 0.231  0.23 0.37% 0.055 D0.426 -0.12¢ -0.036 -0.037 -0.045 -0.464  -0,302 -0.53¢
0.275 0.007 0.000 0.360 0.3¢9 0.613 0.062  0.652 -D.21¢ -0.058 -0.058 -0.078 -0.457 ~1.044 -p, 389
0.462  0.013 0.000 0.529 0,385 0,710 0.115 0.829 -0.228 -0.062 -0.075 -p.0s2 -0.489 -0.431 -1.85¢
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6RA
CAK
65U
BEE
Pap
HIK
Sus
ROA

" 6RA
CAK
6sU
BEE
PeP

© NIk

SUs
ROA

6RA

0.643
-0.231
-0.075
-0.123
-0.015
-0.131
-0.328
-0.163

6RA

-0.234
-0.26¢6

0.000
-0.308
-0.160
-0.346
-0.277
-0.240

Table 5.2, Long-run input compensated, Supply price elasticities

and Corresponding contraction effects

Table 5.2 4 Table 5.3 a

substitution matrijx Bubstitution matrijx

CAK 6sv BEE 414 MIK SUG ROA CER  CaK sy OTH oIC CAP

-0.006 -0.002 -0.097 -0.p14 -0.134 -0.068 -D.300 CER -0.425 0.080 0.114 0.053  0.055 0.018
0.886 0.000 -0.106 -0.032 -0.163 0,072 -0.952 cAK 0.293 -0.581 0.009 0.093 0.045 0.02g
0.000 0.075 0.000 0.000 0.000 0.000 0.000 65U 0.418  0.008 -0.719 -0.006 0.089 0,08

-0.003 D0.000 D0.654 -0.226 -0.015 -0.028 -0.226 OTH 0.147 0,053 -0.003 -D.355 0.026 -0.006

-0.001 0.000 -0.206 0.610 -0.301 -0,008 -0.078 0IC * 0.02% 0.006 0.011 0.005 -0.163 -0.007

-0.004 0.000 -0.018 -0.2¢8 0.826 -0.028 -0.380 CAP 0.011 0.003 0.01¢ -0.003 -0.016 -0.601

-0.009 0.000 -0.103 -0.03¢ -0.132  0.886 -0.250 RK 0.060 0.013 0.01¢ 0.016 0.098 0.141

-0.00¢ 0.000 -0.099 -0.036 -0.215 -0.029 0.563

Table 5.2 p
contractijion matrix

Table 5.3 b
contraciion matrijx

CAK 6su BEE P&p HIK sue ROA

_ CER oA 60 o grc o

“0-0070.000 -0.264 -0.137 -0.357 -0.058 -p.¢36 CR 04T 008 0135 0.09 0 s
“0-008 0.000 -0.285 -0.177 -0.409 -p.067 -p, 406 OK 032 007 00w oo 0y oo
0-0000.000 0.000 0.000 0.000 0000 g, gp 6V 0.457 0.09% 0127 0.106 .37 0. 336
0009 0000 -0.418 -0.428 -0.50 -p.p79 -g_seg OTH 0268 0.002 0.080 0.079 0.29¢ o996
oy L0 0.5 120 0572 0005 -0,35 O 0.150 0.040 0.08 0.050 0.301 g 295
'0-010 D.UDD '0.‘39 '0.‘69 '0.6‘7 '0.087 '0.683 C“P 0.227 0.061 0'07‘ 0.075 0.“1 0.“3

-0.008 0.000 -0.297 -0.185 -0.426 -0.070 -0.517

WRK D.268 0.075 0.089 0.099 0.587 0.572
-0.007  0.000 -p.259 <0.162 0,386 -0.060 -0,46s

GRA = Grains

. CER = Grains
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WRK

0.100
0.116
0.125
0.113
0.115
0.564
-0.358

WRK

0.639
0.655
0.772
0.652
0.65¢
0.952
1,301



Table 5.4,
year)

CAK

Short-run Marshallian Price

6RA 65U BEE pep nIK 5U6 RoA CER CaK GSU

0.008
0.005
0.000
-0.028
=0.0%9
~0.041
0.005
0.006
0.018
-0.£28
-0.037
0.034
-0.008
~0.006
~0.003

0.682
=0.19%2
~0.075
~0.110
~-0.069
-0. 102
~0.268
-0.129
=0. 043
~0. 044
-0.047
-0.029

0.066

0.024

0.022

=0.005
0.887
0.000
=0.003
=0.002
~0.003
-0.008
~0.003
~0.001
=0.001
~-0.001
-0.001
0.002
0.001
0.001

~0.002
0.000
0.075
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

~0.087
-0.093
0.000
0.718
-0.069
0.039
-0.090
-0.088
0.039
0.116
0.126
0.208
0.035
0.034
0.026

-0.057
~0.060
0.000
-0.0720
1.661
-0. 086
-0.063
-0.071
0.870
0.461
0.735
0.330
0.075
0.035
0.019

~0.103
-0.128
0.000
0.060
~0.105
0.9148
-0.095
-0.185
0.087
0.233
0.250
0.130
0.087
0. 061
0.033

-0.060
=0.063
0.000
-=0.024
-0.016
-0.020
0.895
-0.021
-0.007
=0.007
-0.008
-0.007
0.014
0.006
0.006

-0.238
-0.189
0.000
-0.202
~0.154
~0.328
-0.184
0.620
-0.060
=0.059
-0. 063
~0.039
0.101
0.065
0.041

0.028
0.019
0.000
~0.034
-0.682
=0. 057
0.019
0.021
-0.804
0.065
0.06¢6
-0. 026
-0.029
-0. 022
-0.041
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