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1, Introductlon

In the reçent rreriocl pc'1. icy nrækens hæve b'econre nelucbænt to
cut ç,rice support :i.n or'der to re,Jutce tl-re. widespnen,l erxcessi.ve
capacity of tl-re farm secton indevel,:rred,:c.runtr'ies" Inter'vention
$chemes which,lr:r r:ot disturb the r,,esb*d i.nterests br-rt prevent
buclget cc,sts f rom j.ncreasinÇ f urther lrmve become môre p,:puli*n..

As ma[.r.inç tl"re trængf*r æs ôhrsc,çrr* i3s trûss:ih,].e i.s i*Is;,: æ

banget of farm r:'ress;ure,.?roups, it,loes nÔt conte *s a.surprj.se
thæt product ion qurotns. lan,J set msicle, f ert i l izer rat ioning mnd

al I socæl led supË,.1 y rfianagernent pol i.cies Frlay æn j.ncreasing nole in
f arm Ê,r^ograms "

There i.s â çrowi.ng f itenatr:r* ûn r:roducbion quçtæs, ænrJ s;ur>ply
r:orrtr*ol policies. c,anticularly in Cænacla where 'bhese type.s of
ins,trum*nts hæve beerr implemenbed for sûrne time lÀrcus. 1"978 i
Bar'icl-relIo, 1"981^ , 1"98/+ î Veeman, 1.gt:rz ; $chmi.tz., 1,t83 I G,ruin"
J-988 ) , Tn Hurc,rre " the ,Jairy quotæ has attnactecl frn *:xtensive w,rr*l.r

of ænalysiE IHanvey and Hubbard , 1984 ; Perr'æud ed ,," l-v68)"

Mosb stt*tclies deal witl-r bhe er/ôluætj.,:n c'f the r*êrrt or of tlre
brærrsf ens ænd welf are .l.ass in 'ù r,ar'tiæl *quilibr^iurn f i^amewonk

apprôach in the context of mar*kets far qr-rotæs" Br,;t qur:tæs hæve

ælso become & challenge to model build*r's, since rnodels estimastsd
and desiçned in an environment çf c,nice supË'ort pr:.l.icy inetruments
have to be usecl ncuJ in the context ctf a sLlË'p1y mmnægement scheme.

The natunal response af the econ,rnr iet in tl^rêl cc'ntext iç, ta fin'J
,:ut the " pr^ice cut equivalent to tli* rruatæ c,:ns,tratrrt " " f iris l-ressi

been done by $ome aubhon$ [ Tonnicl is, L981. ; Bingi.ev" Buntorr"

$tnmk, 1985) " But a real en,loçeneiaation of the shædor"r pnice
equivalent bo bhe quota, which braces the'cros$ effects in the
modelo is rarely done. This is l'rouever i.mporbant in multioutput
multllnput commcrdity rnodels. l'lunk ( t9A5) hra$ echieved an actuerl
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'ï,ndôgc'n,*isation ,:lf the rni. 1k arnd suçffi1^ shmclow pri.ces i.n m mC. E,r;ppl.y

model cl.osely based on moçlern r:nocluct ion bheory" M"rl-r6,, Tavérm,
Trochet ( f çeA) nave elso f ul.Iy endoçleneised the dæi.ry mncJ suÇeâr

shadow prices in ân intennational. msriculturel tnmde mo'Cel

f ocussing on EC antl U$"

Lau 1,.L976) has charactenized the cc,n'litions unclen which
eupplv ænd demend rraræm*ter s withcut quanbity constrmints can be

d*ducecl from the paræmebers *etimate.,l urnden s']m* input 'rl- cutput
fixitv ancJ l'rês showtt l-raw Le t)hmtelier's Enj.ncirrj^e mpç, lieg" Brown
æncJ Chrietens*n ( 1^9SJ- ) ; Kul.mtilekæ { 1"9S5) ; $quines { 1"9871 ;

Guyomærd mnd Vermersch fL9S9) hæve irnplemenLed practicælIy tl-re
procedure proposed by Læu in order bo derive long*run inrrut denrand

eIæsticities from short*run parameber-s estimated under input
ancl ,/c,r output fixity"

Recerrtly Moschini {1-988) l-rms, fôr thre first time mpp*r'*ntIyn
tisecl the duæI mpproech to estimæte æ multioutput multi.inpr-rL
sur:F:lrz model in æ context of supply management pol.ici.es" He ræises
the issue of ænalysinç thc comparative statics of proclucrr's
respôn$e under supply management Énd, after'stucjyinçi turo sources
,rf .jolntness in input quant it ies I Koht i , 1"9ô1 | $humr,.ray, Porre,

Nas:,h " l-984 ) , he states that without â gen*raJ sluj</el jne'., arfrefher^

ar' not suË,rly r*6.$fr^j,:f inçt p'c,.I ir:Îes w.i I J tlrrc,^ease ûr cle,cr*æçe fh{}'

sup,ç,Jv of a/,?r*a.s tr'icted autp,ut and the demancl of vari*L'l.e i,*iËtL,â.$

r^tilJ t'e p,ursued at the emp,i,^icaJ .].etr*L.

The purpo$e af the p,r*sent r>aper is to expl.ore vær'iorJs cases
under ulhi.cl^t the cornparaLive statics c"tf supply [:ehævior urrclen input
ancl output rat ioningj can bcl characLerized in mûnô rlebai 1s. " l^le

treæt jointly the casss of a quota and a factor fixity a.$ they
reæ1. ly are mirror imageg c,f the same r:roblem. Tn order tçt cjrr that n

the theoretical basis of ll-re approach is laid down in section 2

whe're the use of shadow pri.ces and disequilibriurn geps is
i.ntnoduced as a simple wây to car"ry the analysis" Irr section 3o we

?
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clevelop the essenLimls of the conrpanmtive stmtics of supply
behavior with respecb to tl-re level of the quote and the f i xed

fmctor, Ëmphasis ls put on the compmnison of the supply behevior
af unconstrmined quantitles while some other lnput.s ôr oubputs mre

netloned, with respect to the $ame behævior without rationins"
Attenbion i$ centered on cross price ef f ecbs. Section /* deals wittr
æ dynamic mpproacl-r of the sâme problemo ænd stmple ænmlyticml
relations betroeen short-run ond long*nun re$pon$es are deriv*qJ"
They I.emd to ûn estimable model nf the demmnd for quasi*fixed
inputs which i.s J.ess sË.nerml but simpler to specify tlrfrrr the orre

of Hpstein (19S1), A numerical lltustrmtion of bhe snadual
evolution of supply and derlved demand elæsticitiee ûven the bime

Iags afber the inibial prlce chanÇesn i$ finallv provlded,

&



2. A theonetical framework Lo analyse supply behavion under
ratlonlng

In oncler to chanacterize the behavi.or unqJer constraints, w€!

make use the knowledçe of supply response without on before the
implementmtion of the rationi.ng" Tl-ri.s is made eâsy urnden fairl.y
general. ccrndj.tions ms the ûomrranettive statics af unccrnstreli.ned

sug'ply behævi.on i.s b'etter known (e" Ç, $ækmi, Lq7(+) " As thene is
an evident symmetry betwee,n introclucinç consbrnints on the one

hand and relaxing bhem on the othen, tt*re comparison with the
problem of movi.r-rg from shont*run to long*run nespon.se is of some

interest "

2^ 1." Ths ef fect af r'atianinç .in pr-odLtcer's t,ehattior

lalhen aI l pni.ces ôre
immeclj.mtely, bh* familian

çiven and producens âre free t,) mdjusb
proclucer pnoblerm i.s n

(2.1") Max { voq ; q € T }
q

n' (v)

where q is the vector of {n+m) n*tput quantitiesï v' the
itranspcsed) vector of corresponqling r:r'ices and ntt(v) the
(uncenstrmined) profit function" The feasible seb T is assumecl

strictty cionvex so that optimal quanbi.ties ar'e uniquely deternr i.ned

and well beheved fr:nction af ririces, Tl-re vector^ q i.s Ë,antibionned
j.nto two su.rbvectors of quantiti.es a 1 always variæble anci

quantities ao susceptible of beinç constræined- A similar
subdivision applies to tl're vector of pricee v. Problem (.2"t\ can

bhen be wri.bten 6$.
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u(2"2) l'1a x
Itr 9O

( o., €T ) noo){"i e1 * v', ao i Iv to)

$upply f unctions of netputs are c'btainerj f nqm HolelI{ng's Lemmd,

(a"s) a) n
u

7
(vrn

(a".3) t)) T' ( v ,,v
o

nttwhere ilu mncl are Lhe çracjients of the profit function with

nespect tc t1 and vO, tJhen quantitites âne peSSed mt $æv AO bv

p,:l.icy instrumenbs (truotae, set aside.., ) Çr mmrkeb risidi.ties ænd

ædjr-tstment cost (f actor f ixity in short*run), vmriah,le qumntities

û t do not behæve in the $ame way wibh respect bo *xogenous P'r'ices

V to since they ane also a function of ;o, Fotlowing Rarbærth

(1q/u1), rlefine ,o the vector of virtual pnices which eljnsure tl-rmt

thel unconsbrained quarrtities oi es funcLions of prices wiIl. stav

at level q
oo

(2.6)
u

ao (vro ,o) x q oo

Tl^ren f rom the knOwledge Ôf (e-.:,J we cmn inf er hoi^, sur:'ply nrârlffiÇÛd

gçods witt modify the behavior of the other suppl,ied ænd demænded

goods and factor's. Followins Sakai's (.L976) decÛrnposition nulq:.

ancj if (A"6) Çr,rt be solved for tl-re virtual prices ,o es function

nf V 1 and eoo ue cen def ine the retatlon between bhe nestnicted

behavional funcblons .rf anU the unconstnain*d functions defitred ag

in [2.3),

7

oo)q
v

vl'o-
u

Qo

o1

by:
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[2.5) q (vrn oo)
R

1
q Irr" ,o Ivr, cro)l

7

l-les.sian of the urnrestricted pnc,f it f unct ion
,lifferentimbi.Iity i.* æssumed.

with ,o B.s defined by (2"/*)" Res'Lr-icted supplv and demand
Rfunctions ol Çan then be ænæJ"ysed, ê$ thev mrs equivmlent bo the

scrlution of tl-re system (e" S m) ænd (.2" {,") " In par*ticular the
comË'arative. stmtics af Q.S) cæn be easily deni.ved from the

nt( v r, ,oJ , when t-wice

R Ivro PoJ" (ôuo/ôv,)(2"7) *À (v1, oo)/ôv,

t2"6) *ri (vr, ôo)/au, = âaiirrr, uo) / ôv + (ati (v
!'

p \/o" fu o) " ( ôpo// ôv 
lJ1

Of.r

It uil+
o

l)
7 7

1 17 o

The grædient of vj.rtuml price vecton
f rom dif f erentiatins (2"/+), takins f 2..31 bl

ur, r, t, v 1 is derived
into account,

(2. 8) I

Arr

dr, and

resu lt

uu

toVo'o 1
1

explicit solution nf 12"7)

doo around the point (vr,
can be obtained by total

lvr, ,o) dPo * qlq
o

mnd (2" s) Rfor do,

) can be clerived "

( n+
7

,Jpl
o'

o
,Jifferentiation af

irr terms r:f

Tl-r* same

(2" 5) r"rith
l)

respect to r1 and tro wfrerÉ. dro and doo are relatecl b'y equabion
(2,,8) which clef ines ,o implicitelv. The complete svstem of supÊ,Iv

re:$r)onse can then h:e writben in terms of the Jacobian Of the

unconstrairre'J prof it functi,:n.
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1
o

o

7e.e) 1 1

(v 
ro VoVootl

Tt shouLd be emphæsized t

nt arq evalualte.d ab thq point
,Jan be sç:Ivecl for the acLumL

r^r i. t l-r resrrect t ci t Ire rrew set

l^rat the cross r:urtiæI cleri.vertives of

(vro oo) j.,E":" (vr, ,o)- Tl^ren (2"9)

encl*genous vanimbtes i"*" (.clcr, clpoi

of exo(Jenous ene.Ë wl'rich $re tclv r,

O" ) , thæt is, clropping the srguments in the prof i.t f unct icn,
o

[,j L,;;
lu

-1

(r" I -1 n' (II" )-1VVV\,/10 00
nt

'o 
1'o o l[;j{2.ln)

ot

lto

nt
ot'o

7

) (tl" ) -1

1
Vot'o

The slnict convexity of tl^re prociuction set ensunes thæt nttoVo
is r:ositive def inite and inr,tertible (1)" Systern (2" 1n) ællov,rs to
Çompletely':hæracterize tire ccmpar'aLive ebatics unc]er constnaints,
ûn tl^re basis of tl^re. inf ormat ion of the uncc'nstrni.rred suË,ply anci

rlenived c.lemand responses, evaluated at lhe relevmnb Çontr'ained

equli.libr'ium (clo,
'ol "

There i.s â simitariby -between the system of equætioris (2,1"Û)

which allows to describe the consbraineci behavion on the basie of
the unconstræined one, anci the problem of derivins long run
behævior f r om the shor^t*r'un re$ponses" T+ be ntôr'e specif ic" the
,same, infonmætiorr ae l.n (2,, 1.û) cc'utd Yte ob'tainecl directtv i.'f the

Jæcobian of tl-re nestr'icted Krrofit function 1R{tr, ïo) is knr;wn.

nR(vr, âo) ls def ine<J by the pnoducer's problem :

I
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(2 " 11) r,teq

,AppIying
functions of
constrained at
shadow rrrice ,o

(2.12) ar) nR

(2" x?) b)

An equation
,Jiffenentietion of

f"il

,tu,' oo) x .i {.,,, À"ol

X

7

qFr I (q
7'

q

similan
systern

io)tt]ËnR(ur,io)

the enveloppe
rhe unresrni::::".:"ï.'z'tx') p.ovi

er when
level;'o" ïhe smme pnocedune 

al"scr
æs a function crf v, and ;o,

des the
goods

supp I y

êre

the

Ço

prov i des

o
nJo 

'' "

o)

'o {v 1o oo)

to (.2 " 1.û)
(2,, t^2),

TP

q ) nRo

reo 
{vr, îo)

]H

cæn be obtai.ned h:y tobal

(2" x3) fnJ,", 
,u,,

[nJr, 
, 
,, ,, (

o);
1ÇoQo

ïhe equivæIence between (a" fS) and tA" 1n) cexprored bv using e procec.rure simi ran to a*o 
*n be f urbher

ï:"":::ï:.:ï:;"".:;.::î.'_uï ";#;.:lr, ;: 
... ;: Jï;"*nji

negntive of the expansi*n " 1'o v
ef f ect of *noto 

'!ot' is iust the
e r:roblem ofshort*run b. ê$ rons-run equiribrium {Mahén Guv*merd ,.:;:î: 

â

Ï n pent i cu r an i t ôpps;rn c. "î hderived demond r-esponse .**"* 
in equation (2" 1tl th

vector v - ,.,o"1.,^1,.ï:.ï 
of sûocJs a r tnritt-r respecr 

etL sur:r:rv and
' t *s now modif ied" mo"*o,r*", ;.;.;,_::""^*_"t . 

*" il're price
chatetien,s principre îs ;".;::::"i, .another application of Lematnix IIu (tl-., 

-j* 
r-*n,*oo*"*t't â'$ the diasonal tenms çf the

posltive defi.nibe mabrix (IIu )-1 
tç;r'tII$ anound the

"!oro' Thenefone output supply

I



a

responses of Llnconstneined qLtont it ies to thein ûwrl;::ii:: ;j'iJ";:ïîï:: :;";::_-:ïffi.:.:,,":j ;lï.iïj;
iil"ll;-]i:;.:."::;,;.;;.ï:;:."".". ;; Lau,s nesu,r derived rnom

As noted bv t40schini (rçee) whab happens bo crô$s priceeffects is much ress obvious pônticuranly when one LJ$es bhe
r^estricted proff,t function, whene cr.e$s effecbs betweof the ty'e a R L'çLwssn quentitie*
siruæbirn ,. "rt;:l"t."lrtl"' 9o,r' mne nob e&sv ro inrerr:rer" ïhewhen ûne sbants with IIuIvr, uo) since
il;;r.ï:::ï.ff_" rusb cnos$ prlce erasriciries encJ êre more

4-,e" 1. tne notiôn of ,,fr4?j.r+,,jse
simi lrrri ty ,,

ïn order to chanaeteniue
convenient to introduce the deis poir of fi
nespecr ro . i:::ï"J;",*"* e"

ao ifand ol witn nespecb to vo havenotmtions if I

the behavion under nmbioning, it isfinltion rf ,,pæirwise 
similænity,, :will be $eid tô be similar withbhe cross*r:rice elasticities af q,the $eme $ign, bhat i$o with ,"r"i

( 2. r6) u
€

u

u
q

Ê

o
g rvolcf . a ,aitu ro). (volol

0)
or ôq /Av >0

{i, h} ; s * {J, k} i i, r ll;h

a

k x 1r
J x I,

Lrl

m



F'rr' ,'lll'pc'çte r-rf cl.atnity, outrrults ui r at ; i. = l, ., a t n ;with F:nices Ë,i anci inputs *h x *" qh î Fr = L, rin, m ; wi.th Frrices
'h âre noh, identified. rnequai.ity (z,ta) mi:y ,.ren be wni.tten i.ntenms of the second pæntiar.erivebives.f the pnoflt functionII"(v) and in terms af the cross! r:,nice derivatives ûf the factondemand or outr:'ut suppl'v e.'uati.ons (z)" Tæb1.e 2" 1. $unrmanizes thesedifferent exrrnes*ions bv disti.r-rguisr-r ing the r^rætune, output ôninput, of ther netputs taken into account"

Iinsert tæh,le Z.I]

As frn example, two inputs *h æncr *k ans sai.d to be similarwitr-r respecb to inpub x o if b,<lth âre substitutes f or-,ârs compremenrs ro *o" îwo {iLrrpurs ;-";;'ï 
'll. *o t't' ir both

Eimirmr wi.th re.q. Éà.* ,-T ,. 
-: 

- 
*:'l-.t"* Yi æncl 

" j &rs sæid t. be

in bhe o""o,*ilï.:: ::_;""::":::: ;:"::: ::,:ï:;1":"::,J"J:"ï;
'nput *h êncJ sæi,J to be similær wibh nespect r* ,,.or*-îl ,," 

t: 

-"1uto.rr^ is non negative, thæb is if inplrt x ic ê,,Frâ_h-rr.o {€ rr rnpuf *o is, sup}*rj.ûn [i.nferj.,:n]
in the pnoduction of y . and i.nputs * h and * o âns com'lement:(subsbituable). Simi.tar ir't*"o"u.tations of i.neqr-.renl.f.ty (;:":s) canbe exten,Jed to at L the possible ca$e.s 

"

A pæirutise simitæri.by of two netpr*rts r^rittr re.spect tc, m thin,Jnetput is def ined at a given e,ruilib:rium p+int. As a:n exêmtr,.1.e.0gi'ven pnice vector v' simf.rani.tv is ciefined crn the bæsis c,f u^reunconstrained pnofit function" Af ùourse srmilmnj.tywirh resrrecr ro Qo ar this poinr does ror impl.y simiil,-i;" 
-iJ 

"l;othen equi l ibrium poinb, anc, rfiore generar r^y, cr,]e.s nût i.mpl.vsimil'arity slobal'ty" As a conseqLrence, bw' netputs 9, .*r-rcJ e" carlbe eimilar uf.th nespect
II"(r') ano noL at the pciint E*'conr^esponding to t'(v*)" ït cen benemdilv verified thet a technorogv which is normæt in the $en.$e afsakai (r974) has alr pairs of inc,uts and outputs simiror" rt mâybe called strongly similar. This condition ûf similanrityn r,rhj.ch

I1"



cloers not seem ovenly nestnictive î.ûrdeflnition of goods, v,,iIl ellow tocro$.$ pniÇe effects bebween unconstnainedconstnelning some quantities"

S, The modlfled cross
nat lonlng

e fmirly eggresâted
chanmcteniee how the

goods êne eltened by

effects of the compÊnâtive statlcs unden

The main nesulbs of componabive sbabics uill be carriedbasj.cally ôn system (Z.tû) which assumes (2,ç) known, but in orderb.' make the resurbs more tnansparent ând easier to 
'ntenpnet 

(i)inputs end outputs are sepôrfrted agâinn anql ( ii ) , t' keepnotmtions hopefulry simple mnd to rrnovide conveni.enb formur^ee forempirîcar sss: the basic equation corrss,,onding to (2.g) iswritten 
'n 

berms çf price eræsticities, hrith a serf evidenbpentition of the matnix ône gets ;
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h,hene 
" 

t, 
. i r nrs the vectons crf pencenteÇe changes inunconsbnæined output and 

^ 
tnput quênt{bies wlbhvecrors or pnice chanees i r end , t *,..,o ti* ;;j. ;ïriïï"i;:technical pnogness biases expressed in percentege terms ûs wett,ïo keep the analytics .sirnple only one outpub guoto end one f i xedfæcton are maintained. io^:* the pencentage chanse of the quotæwith shadow price po end * o, 

"o *.* ** equivarenb notabions forfixed inputs, *o ancJ io ane the rêbe of technical chançe bias onfixed quæntities" t3"s) has to Lre sorved for the vect.r t;r, oo,
"7 ^O-x ' o J in berms of rhe vector t;t, 

"o, "r, 
-*.; 

;""if the b,iases
;;," Ët 

b'$' (3'x) is firsb solved for rhe virruar price chanses
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tosether i
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collecting unnætioned end rationed oubputs and fæcbors

(3.3)

the matrix

D x Hoo H
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o1 o1F r
o1 o1

G H

Fnom bhe sbrict convexity of the production seb, hre know thab

is non singular and j,ts determinant

G F is nesmbive (3).
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The \fulr companstive statics of endogenous ver.rabres i.e"shadow pniceer QUôta nent , frxlbv ross end unconsbnained supprynnd demandr câr. be investlcated by sorving equation (3. 1) " Thrshas been d.ne ersewhene (Hahé mnd Guvomard, lggg) ano wirt not bepunsued here (4)" The impacb of quobas and fact'n fixity on cnossprice e'esticities wirl be explcred unden the c.ndition .fpainwise similarity introduced ebove.
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propenties (s) con+erning the ôros$ priceunconstneined quanbibies cÉn now be derived, underof similaniby of eech pei.r of sood$ with respect tofirst examine the one quole on one fixeo factorunembiguous.

effecbs ômong
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Ony and x" ; rre
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pnopenty 1 : unden the similmr{ty conditlon s blnding constnalnt
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on en ôutput or sn
mone substltutable,

input makes the unnestnicted inputs end outputs

rrnopenty Z : unden the simi IanJ,by condition, a binding constnminton ên output or ân input makes the unrestnicted oubpubs mônenegressive and consequently th* unrestnJ.cbed inpubs more Inferlor.
yf only one quoba is implemented,
bhe system (J" t^ ) is wnibten wibhoutand {ô. S) simplify inbo

t"thich emounts
bhe I mst r*oçr,

to æssuming
e x r:re ss i on.s

bhat
(.b, 4 )
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(3. sa)
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11P
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This is as fan ôs similari.ty cæn bning unambiguous resurts"As rnentioned before, when one stærbs with the ]ong*nun nor.nrcr.technology af $akai, where similmrity is venifi.ed, implementingqu*tas on fixed fac'tors one æt a bime r^,ri.rr induce m.rssubstitution and more inpul inferiority" Hence. we get awæy fr.omthe n.r'ma. technorogv and at sorfie poinb there wi r r be Ê:a'rs ofinputs or outputs which mav n.' l.nger be simirar" ït would beconvenient bo have mone çene.naI re$ul^ts when srv*rêl outputs oninputs âre constrained in the same time as in exr:ressi.rr (3. 1)r^rrri'ch reads to thie foll0wins reretion between rr]R *n.r -;; r
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ït r.s convenient
with known r>ropenties

(3. ea) r 11P
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to r"ewrite (g. XO)
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As D is nege*ive, if 0 is non negative, then the tendencytoward subsbitution wourd f.r10ç,r. ït is wonth notins first bhetwhen i' x i' û is now û quadrabic form êround a .$vrnmetric p*sitivedef inite mætrix " hence the Le Chatelier, s ef f ect is verif ied" t^Jhen
i # j, the simileniby condition can be used bo write e êsà
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Let A be thre non.symmslnr".Ç rnatri
:.:i * " or'';'*"':. 

"::;; :J;:Then if A * A" '^Ïnl"* A'is,-re tnanpose of A, has ê corurnndiagonar r,ominancen then A + A'is positive definite and e is
posJ'ti've (Munsxâ, p- É,1) " cor.umn diag.net dominmnce .,f A * A,
wourd be ensuner, b'y the existence of positi.ve numbesuch t hat : p(J$ l^ E l. Ve numbers d , and d,

(8.:) o 2a
^oOX

^oc\n
) O, " tcr*B1

^octx
7

oôp

,*"n*i' -;ï ,î.'::::.::î;_:;.:":|*ï**** bhe own price ef f ecr is
exisr so rhab I 3.]l , i-il| 

""*'d': 1"/a and d, x Ll(a+p)

rr is worrh .,ojr,.,n i;J- ,J ::j..;.::.. 
bhæt (3' z) is veriried"

:".':::;, j 
"..,"i.JJ. ":;;

nespect to the price of bhe good unden quotn is equal to the nætiocf bheir sup''y re$ponse bo the fixed fact*ro then the nesult .fmore subsbitution on less complementnrity follows" ïhenefone whilebhe nesurt does not seem to be cornplebety generær with the.ï:;:ï;-J'.":";ffJJ' *,'n* 
rendencv .";;; il";irurion when

conditions 
*'rrvv+çL'r sesms to be vai'id .lncler fæirry genenal
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/+. The dynamics of
obsenvable technotogy

adJustment of fixed quantities and the

ïn the prevf'ous section the natune of cno$s effecbs in thebelravj.oral equations h,e$ shown lo depen,J on the exbent of bincl irigcontrainfs on proçJL.rcen prûfit mæxi.mizing decisic_rns" The duærtechnafogv which i's un'lertvi'ng is mrso c'rear..Iv <repenqreat ùr1 throsecontnaints cif fixity" As; the producen cënnot ad.just irnmediatery top'rice changes, the firm is neven.bservecr in frn equirib,rium eithenqrf shorb rurî on ûf r ong nun but s.mewhere i n hret ween on m
transitonv rrmth rowand it" îhren the $peed of adiustment is the keyf actor j.n intenr:rel j.ng the observe,J technology â$ f on exæmpIe ineconometric work ç'hene the adiustment pr*ces$ is n.t f'nmalryincrude'J but impliciterv assumed- ïhis section attempbs to builton bhe disequilib'ri'um fnamewonk us€.,J above t. denive a simpredynmm j.c est imable model Df sur:pl.y behevion in theqL/æsi*fixed figct.ns, 

rrsvr'vl l"n the l:,nesence of

Gi.ven th
nebpurs rwo -:.ïi";r';;ïr. ï1.":.:ï;;:"î;:ïr;:: ;;*;:;J:l;:equilibrium model which corresponc,s to costless ænd imme.c,iobead.iustment to neç\, pnices, Assuming linearity, u/e obtain,

(4"1) 77 A

A27" :)tIiJ r 1t

2L

+ I (r)
(rl

where cr1(t), crz(t) arr
bhe Lechnical chanse
matrix in (ô.1^) is
function i.e, Ar" : nJ

funcbicin af b standing for the intencepb,ând a random ennor tenm" îhe Ë/artitionneclthe Hessian of the unconstnaine,J pnûfit
," i r, $ € ( j", Z) I 1 nefens to â veriablernetpubn Z to â quflsi *fixed netpub.
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Now, if in
l"evel^, then the
.sæme mode L whe
obsenved pnice v

fi:ct ez Çênnot adjust i.mmecliately to theobsenved quât
rs vinruar ;:i:::. 
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r t' 

*qzr 
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start with, that a
movemenb of the finrn

part ial. ecliustrnenb
toward the q:pf imal

(4.3)
2L

q
zL- 7F [";.

A

By combining
equations obbæins.

\,1
2L- 7

(/+.2) and (c" s j
rw,e get 

o

e system of obsenvable

ït is æssumed that outputs can ædju'sb fneefv in absence crf
ï::":":'î:ï 

and rhab onrv inpurs rag behind oprimi:r revers,æs
-. u ctual instnuments to neach clesinecj output l"evelsQ r t ( r r,.' v zt) " Equabiûn (/'" 3) courd be mede more cornpl.ex t<:account f or en.c'rs in meet ing the quota reve, I wi th the subsequentrrenarby fine which naises a specific probr-em *f nisk be.hævi.or inthe presence of guotæs, but this is lef t asi,Je here.

(4.1),
Fon cl'2L

{6.t+)

one

Qzt = A Ior, t1t* A*
AI+ar(tJ 

]2L (r q
2L- 7

ïhis genenêIized adjustment
quasi*flxed factor market to

scheme permibs disequilibriunr i.naffect the demand far another
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quasi*f ixed' i.ng:ut. The octuml levels of quasi*f ixedweighbed nverffige of the optimal levels fit time t andIevels at time t*1, t^rhene the edJustment metrices$erve ê$ weishts" Through substitution, we +ôn see(a"a) cmn h:e rewritten ê$ ;

ïn equit{brium q u
2t-i

(r Âi A
u (r
2

(A * r) Ar, ,r. * o;:

Thenefore in the lôns*nun,.

J,nputs ône âî

pnst obsenvecj
A end (r*^)
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Ir*A]* o'2t -co

the
unib
*he
(6)

and
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^

A)* oi=O
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+q
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x
=Oi A)* o 2t-co

stab'iritv of bhe adjusbment scheme nequires thæbchanecberlstic no*ts *f the metrix (ï fu be within thecircre' Funthermore bhe adiustment pmth is monoronic ifcheracterisbic roots *rs remr posttive numbers ænd *scillebes*therwise {Nedini ænc, R*sen, 1969), Fn.rn (4.,,5) shorb*runintenim pnice elaslicj.ties ôf qz can be denîved.

Fon obsenved Q 1r, thene i.s m vlrtuæt price vecton ,r, çrhichcorne$ponds to the observed veçton azt and which êxplains theopbimol level of unconstrained netput*r"irr*., the quasi fixity offæctors. First, $olvins (4.A b) forobtain r 
\+' 4 ç) Tor 

'2, end using (a.a), we
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The obçerved $equencq fôr q

Qlt * Art ttt * Ar2 ,2, * o, (t)

t t rfiëy nôw h:e cJenived,

I
A 22 An Az 22

'At1 ttt * orrI
22

(A T)
1

A -lA ztv ttn zzv (^ * r) crr(r)+t
+A (r Al g22

7

2t- 7
+q (r)

7

Finmlly,
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A t2
+

7

l
A

72 A (A * r) A22 27 1t

A Ant
22 22vzt*A*A (A * rl oz (r) + o, (b)22

-1
22

(^ * r) s

7

4,, A
2L- I

ïn (4,") it Çên be checked thmt if A = ï esinput constneints f;he finst r:ênt ôf equation (ô.X)and actual mabcFres opb j,maI path. $hort*run, intenimprice elasticlties of unc.nsbrained 9.,.,d Qr côn be(4"7) in a simllan ç,,ây to (4.S)"

in æbsence of
is netrieved
and l<rng*run
derived fnôm

Equations (a"a) ond ('/+'7) provide anmrvtical fonms which ûreesbimeble with t>nopen specification of the errclr tenms, ïb cen beseen that in ('*'z) tw. varlabres ep,,emr in simurtaneousry, namerythe obsenved quantities of the quasi*fixed inputs mnd their menkebrentar pnices, whlre in most ec.nometric work of estirnetion afrrro'Jucbion technorogy end supprv ne$pon$e b/e f ind erthen pnices ôrquantities of goods but not both. This is neces$erv here a.$ itfip,'eens creanry thab observed guêntities are neither in shont*rLJnnon r.ng*run equiribnium but convenging towar"d the ratter,
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Cleerrly (4"7) shows thmt by fmiling bo specj.fy the netpu.l-interacbl''ns createql bv the quasi-flxi.ties in the estimated niocrer,thene is hardrv a chence to obbain consistent estimmtes of.shorton 
'0ng*nun nesponse ôr of technical change biases" Theser)anameters depend genuinely on tl-re speed of adJustment ancj thereis no wav to speak ab'ut meçnitude .f eræsticities without a bimefnmme in mf.ncl es j.t is wel. I known. As fon thre technology ændpanticutærl^v for inp'ut*output substituti.on, cr:mpl.ementæri.tv,nonmality re. Iætj.,rnsl-r j.ps, ttre.speecl of eiqJjustnr*rrt ænd lher^efore the,b ime f rame is e"i.i^so m genuine el.eme.nt r:f inf ,:rmmt i.on bo Liespecified cleærIy"

LJhen thene are sbrict ly exogenous quant ib ie s co.(ouænd/or input quotas) the moder stnucture has to be chænged inf ollc,wing wây. In fr f irst step, the Hessian matnix j.n (4, 1)modîf ied usins equæbion (e" f n) in order to tmke j.nto erccountneh, consbrainbso i"e,. the optimæt oîr, ola ane 
"""or*ionæt ûni"evel. of producbion quotas 1o,."
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f A * r) [cx trr' 2'*', A za A oo co(r)) l
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(a A A72 10

This expression
is scalmr due to the
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A A20 (A T) q

can be hishlv simptified in
symmebry of sevenml matnices

2L- 7

the case where A
j.n (4"1j.)"

5. A numerical ill^ustnation

The pnoduction sbnuctune of the EEc agricu"l"tunmr sector isf insb summanized bv e pnice etasticitv nratni.x, pnesentecr i.n tebte5'r^" rn .rden to ilrustnate the qumritætive and QUârrtitiativçrerevænce af the foregoing anarysis, ôonsider the fotrowlngnumenicar exampre" These erasticiti.esn corresp.ncr to the l.onçr*"runManshatliæn equilibrium where alI choice variables, except tænd,are penmitted to adjust optimælIy. $even outputs, five var.iæbIeinputs ancr two quasi*fixed inputs are inclucled: the erasticiti.esane denived form the Iitenætune es far as rragnitu.e is Èoncerneclbut theoreticar constraints (hc.,mogeneitv of deçree *ero withnespect to priceso svmmebr'v .f the Hessian ma.bni.x i âre imposed toimpnove consistencv {Mahé, Tavêra. ïr.chet, r^ggg ) (7). Grosscomplernenbarity between outputs and between inputs pnevail exceptfor certain peirs of netputs ,; .,rains*G.U ; ,grairts*sLrgar 
icækes*sugar anr, cakes ( use,J as an input ) - other inrruts 

"
Funbhermor.e negressive nelationships between inputs oncj outputsnre ruled out. TebIe S.Z a) shows the compensêted output .sLlppl.yeresticities which are denived from tebte (5. 1 ) by usins
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expressi'on (3' 4) where ârt i'npubs êns f ixed ænci erlr outputvoniable' As exrrecbedr {9r'1d because each pair.of outputs i.s simirarwith nesrrect to alI inputs, in the i.ong nLin uncclnstnmined ôase,these Hicksiæn suppIy eIæsticities ane smallen than their long*runMansharrimn counterpærts : the conbnactic,n effect i.s ar.waysnegative'and range enough so that outputs ane now neb substitutes(see bable S,,2 b) ), $imil.arly, Çompensatecl inrrub dernandelæstici.ties ar.e rrresented in tabl,* S" S æ) ) ; they co.nesponcl tc:the cô$e wh*re aIJ. ,rutrruls frre constneined by pnOcjr-lctj.,rn quotas"$imiraritv pnopenties,f sêc:h pair ûf inputs witr^r n*spect to arloutputs imply bhait the Hickslmn demand elasbiciti.e,s ane Lorger inalgebraic value than their Marshallian counberpants" Agai.n, notethat the ffagnibude of the conbraction effect (tanre 5.2 b)) islar'ge enough $o thæb arr i.nputs ære now rrst substitutes.

Iinsent tab].es S"1o S"? mncj S"Jl

Ïhe short*nun Ylarshalliæn price erasticities are pn'vided i.ntabre 5' 4" Thus tebte 5" 4 rrn'vicies inf onrnati.n nbout subsbitutionsand comprementarities æmong netr:ut rrairs at the short_runryanshæ1r ian equi l ibrium o that is f on fr vear. Ixemiriing Lheon*diagonæ1 erements of tebre 5. 4 shows tharL the [.e chate.]. ien, s
principre appries bub shont*run elæsticities ane nob verydifferent fnom th*in l.ong*run Mansheltian countenpants irr table5" 1" rL is arso w'rth notit'tg thab some regnessive rerationshipsnou appeanr tr€r*ticulanly berçreen gnains. cakes anci cerar.substi'tutes considened i's outputs ar ms inputs" Anothren natæbLepoint i's th;st $ome outputs fine notiJ subst itutarcr.e ; as an examprebeefo F*nk an'J rroultny anc, mi. lk ane nou gross sl-ro.t*nunsub,st j,tutes with gnæins. Af cour$e f arm cæpibal. ænd j abon ôpp,eærbo be the ress e'astic fact*rs with uncompensmLed sh.rt*run priceelasticibies of *û,1tA ancj *O,OgJ nespectively"

Iinsent tab]e S.6l
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The simpliff.ed cjynamf.c fnamewor.k r:noposed j.rr sectj.crrr (+ ol^l.owsto constnuct this Marsharrimn pn'ce erasbicitv matnix not onry fonone yean but arso for twcl , thnee, i.,, n fagged ysers. ïhr isdvnamJ'cs is ilrustneted bv figure 5.1 which show thab theexpansion effect due to the gnadual md_iusbmenb of the quasi*fixedfactors to their Iong*run equilibni.um levels is mone impontant foncross effects than fon oun effects" or,rn pnice erasticiLi.es, i.nmbsc'lute varue': ô,..r incneasing functir:ns af Lime ê9 æ consequenceof bhe Le chaterien's pninci.rrre but the firâsnitude of the ef f ect issmmrl " Tt is wonth menti*nning that tFris f ni.r1y urrnotic,ed nesurLis due to the pattern of evolution ôf cross effects clver the timeI'ag sbnuctune" Fon or6rn suppry price elesticities es æn exempre.,cnoss price elasticities bebween outp,uts increase a tot unclensimilarity, but the cross effects of j.nrrut pnices on outp:ut is cutdræsticarrv as werr" Thenef.re Le chaterier,s effect on own price,eræsticities which is the'net effecb.f the bwo crue to h*mogeneityof degree zen€), has to be fainly smælLcnoss erasticities_ / s'r{)r I compæred to the ef f ecl on

CONCLUSICIN

Iinsert f isure S" ]"1

The main tmplications af sbnictquotas on input nabioning is tounconstnained supply and derived demand

fixibies Iike production
alten the behævj.on of
functions bo pnices, in s
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f airrv F'redi.c'tâbr.e wæv" under the riim:-..l.mni.ty concji.t ion wh i.ch i.sweaken then sekeios normarity condition bui: lmpliecj Lrv it, inpt"rtsand outputs wiII tend to becomeconsbraints or fixity or "r__r_;_:::: 
more substiturabre when

or outputs, 
' I {ar L/ .'r quasi*f ixity are imposed on .some i.nputs

The r:ross comrnoclj.ty relationships i, e, complementanitysubstitutabilifv, which âre often considersd a$ basic feeltLlres afthe undenlying technolosyn cmn therefone be seûrr to depen,J hichlyon the econontic envi'nonmettt and crn the tirne per$pecbive wfrere. theyane observe'd" rt rdas shown thæb uncler th* simi raritthe f irm unden quanrirv consbnainrs and/or in ;;; ;;:"::ïj:-;r;;tend to exl'ribit r'ore subsbitutebiritv b,oth êmcln' inputs anc.l eâmongoutputs" t,^en time is alr^.wed fon nesponse) mnqJ when quentityrætj.oning is relaxed, goods tend tc, become mone cc,mplements-

ïhe obsenvæble technology is thenefore æIways in a ternrrorerystæge betr'reen short and l.ang*nun ænr, cannot be cherecterizeclwith.ut mæking a cleær nefenence to ex ist ing stricb on quæsi.fixities crr ta bf-re tinre.ïfrs after the shock affecting exôgerrousv*niables of the firm,s envinonment"

ïn that persF:ective, it is crear bhat conce.pb ôf joi.ntrles.s,technical prognesss biases, economies of scope must mlso the looke,Jat witl-r a ref erence to â t ime f rern* and to e .egree r:fc.nsrraining environment" ïhe wicrespread u.5e af ftexibre forms fonthe technol.gv in emtri'icær :itudies whene *et ime*t i.on is perf .r.medwithout dvnmmi'cs' is therefone quit* €.xpc,$ed to capturing i:inundeterminare concept of technoroç,v with resrrect to time frame,r"'rith an unc,efinecl mix of technorcigi.caJ. consbr.aints ôrrd s'eed ofadiusbment 
"

The condition
embiguc.tus effects
least when ib is

of similarity whicl_r is usefuj. irr onder to ævoidof rationing, does not seem too demanding atcjefined on bhe long*run unconsbnainecj suppfy
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svstem' rt shourd be venifled i.n many situations whe.e theaeJgregation sbrucbure QVen outputs and rnputs is canried with afairly homogenous degnee of detair. creanry, when very. cl*seryneroted outputs êre kepb in pmner tel. with hishry agçnege.ïtedgnoup$, lhen substibutability and complementarj.ty among j.nputs on
::::i:;""':,: jrî::: in rhe rons*nun and rhe srmirmrjry

Fnom m poli'cv point 0f vi.ew the pneceecji.ng onæLvsis su,ggeststhab the effi.ciency r:f puh,.Ii.c int*r-ventio. wi.r1 be rnor.e l.ikely torun into rribfelrs i'n the pnes4)nc8,,f strict on crl.,æsi*fixi.tv cfqusntities" The effect of consbraints is to "*o,r**'a'nu nesponse ofthe svstem to bhe tnadit ionnl price incent i.v+s" Bv bhe L,*chateri*r's effect and the tend*ncv towand subsbitutæbi.ritv andi'nf erionitv o unconstnained ôutputs react ress to bhei.n clh,n Dri.ces,l"ess negmtively to the prices of inputs bub less trositively bo theprices 'rf other outpubs" ïr-rs supprv svstem cour-d tr-ren be broæc*vcharæctenized by æ small.er neaction to its envinonnernent æncj e3
hishen degree of inter'ar i.nteræcti.on" poricy jnstr.uments r^.rrrichmppry to' savo onry one outpub ûr one input r 8,.€ rnore rikely tc:induce spilr*over ef f ects on other goods. The shi.f t of the bucJgetrrroblem of the Hc frc,m the çnain to the oi.l.seed s.ector. in therecenb vaars is ê case in point " ït is the s,eme fûr theimpr icab ion 'cf e f mst technicar ,,nogres,s on æ constræined output

i::":^:"ffJ.i:;i:r"" in Ec is likery ro show due ro rhe c{uoræ c\n

pol i cy
soj"ve them,
asriculture
problems of
more IikeIy

refonms will tend to shift probrems nather bhan toif they ,Jo not tackle the whole sector ot once. ïnwhe.n exi.sting distonsions ane Ierçe and wicJespreæd,

;ï:"j.-.t 
rimitabions çr panbiar por.icy nerorms ane
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The mbove anarvsis ars. susgests thmt bhe issue of poricyrefonm' r'n ts eecton rike ûgricurbune wlth decrinlng .utrets andsteady pece of technicml changer adJueting downu/and rrroduetioncepebrrJ'tres nalses .specific pnobrems, becâuse internel cnossrerations mne exacerbeted by the qua$i*fr.xities of fôctons mndincneasingly of sôme product$.

L
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