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Abstract

Tobin and Houthakker’s work on consumer behavior under quantity rationing has been extended
by many authors, especially through the use of duality theory. This paper uses duality theory to extend
the work on demand theory under rationing to the case of producer behavior under quotas. These results
permit estimation of otherwise unobservable market supply and demand structures. The structure of the
farm economy operating under a tobacco quota system is estimated, and the theory is utilized to infer that
the supply elasticity of tobacco would be about 7.0 if the quotas were removed. Estimates such as this
are not normally attainable without the theory outlined here, even though they are essentlal for the _
evaluation of policy changes. :



'The Theory and Measurement.

. of Producer Resp'onse Under Quotas

: 1 Introductlon =

There has recently been a revrval of interest in the 1mphcatrons of ratronmg, _or more generally
of quantlty constraints, in a number of different branches of economic theory Much of the earlier
v ‘work on ratlomng was done durmg and xmmedrately after World War I The prmcrpal results |

: estabhshmg locally vahd relatronshlps between demand curve slopes under ratroned and unratroned

condltlons were derlved by Tobin and Houthakker (1950-51) Related works were surveyed by Tobm S

: (1952) the results were later restated by Pollak (1969), and were extended by Howard. (1977)
Latham (1980), Neary and Roberts (1980) and Deaton (1981) I In partrcular the last two authors
'rllustrate how duahty theory can be used to generate empmcally estrmable demand functlons under »

, ratromng in the same way that it can do $0-in the unratroned case.

In this paper we extend the work on demand theory under ratlomng to explore the rmphcatlons

e of quantrty constramts in the context of productron theory. Because of the- presence of short-run-

.adjustment costs leadmg to short—run mput ﬁxrty or beeause of regulatory or: mstltutxonal constramts
quantlty rationing often mﬂuences productron decxsrons Import hcensmg and quotas and the

f rattonmg of mtermedrate mputs are wrdespread in the developmg world In many developmg |
countrres agricultural mput output and credlt markets are often targets of government 1ntervent10n

that results in dual markets In Canada, in the European Commumty, and in the Umted States

1 The theory of demand under ratronmg has received contmued attention. Recent 1mpetus has come
from theorists constructing general equilibrium models in which markets are not assumed to clear. These
are the macromodels introduced by Barro and Grossman (1971), Malinvaud (1977), Muellbauer and
Portes (1978) and Quandt and Rosen (1988).Other areas in which the implication of quantity constraints -
‘have been studied include portfolro choice (Diamond and Yaari, 1972), labor supply (Ashenfelter 1980;
- Deaton and -Muellbauer, 1981) and household productxon theory (Rosenzwerg and Wolpm 1980 _
g .‘Brownmg, Deaton and II'lSh 1985) R
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production quotas have been implemented for dairy products, tobacco, peanuts and poultry.
, Mandaitory ’sales of agricultural output at below freg_market-prices have been features of Iiidia,
Indonesia, China, and many African nations. Quantity iestrictionsbecame widely used in
international trade as substitute tariffs after the Tokyov, round of GATT negotiations. All of these
cases have a common attribute, kink pointéj in the iso-cost sets of ﬁrms.l These kink points arise from
biﬁding constraints on inputs or outﬁuts or other types of restrictions that result in kink points in the
interior (as opposedvio thé vértices) of iso-cost sets, the extreme.case being a quantity constraint. -

In empirical analysis, it is often important to be able to represent an unrationed supply/demand
function in terms of a rationed one; and vice-versa. Such functions are necessary if we wish to |
predict behavior under rationing where we iiave observations,only' on free supply; more importantly,v :
they can be used in the converse situation of predicting unrationed behavior from observations on a
mai‘ket under rationing. Simiiariy, we may wish to estimate a system of firm supplies and derived
demands for a cross-section or time-series.of firms; some:of which are rationed and some of which
are not. Such functions can be estimated .efﬁciently,if a common-technology with common
paraineters' is assumed for all firms so that thev same parameters appear in the two sets of functions. In
tiiis paper, section 2 characterizes the firm’s behavior under rationing in-terms of its unconstréined
behavior when faced with virtual prices. Sectipn ¥ discusses the specification of flexible funétionalk
form i'riodeis under rationing. Finally, an. empiri»cvgl' exampte is presented in vilhif;h the structure of the
* unrestricted supply curve of a quota-restricted commodity, tobacco, is retrieved froni observations on
the quota-restricted markets. This methodology provides the necessary information bto simulate the

effects of deregulation. -Section 5 is a summary with conclusions.

2. Quota-Constrained Versus Unconstrained Behavior
In their classic. treatment, Tobin and Houthakker manipulated the ﬁrst-order‘ conditions to obtain
properties of the derivatives of the rationed demands. They obtained locally valid relationships

between the derivatives of the rationed and unrationed functions; for example, the Le Chatelier result -
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R (Samuelson 1947 pp 163-69) that at the prlce at wlnch the ration would have been just bought the -
,compensated demand curve is no steeper w1th ratlomng than w1thout 1t Papers by Wales and - .
: "Woodland (l983) Hausman (1985), and Lee and Pltt (1986) have proposed methods for est1matmg

consumer demand systems m the. presence of bmdmg constramts Wales and Woodlancl’s approach is

‘based upon the Kuhn—’l‘ucker conclmons assocrated wrth a dlrect utlhty functxon whlle Lee and P1tt 'S |

o 1s a dual approach begmmng thh an 1nd1rect utxlrty functlon and showmg how v1rtual prrce

. .~te1atronsh1ps can take the place of Kuhn-Tucker condxtxons We extend the analys1s to that of

_productlon technologxes where kmlc pomts may oceur because of bmdlng non-negatnwtyconstramts on
1nputs or outputs or because of productxon quotas and ratromng of mputs ki 2 :
| Consrder a ﬁrm wrth netput vector y (yl, ¥2)'s where yl isa vector of unconstralned netputs o
| , (wn:h posmve s1gns for outputs and negatlve for mputs) and y2 1s a vector of netputs that are traded in "
: - the market but are subject 0 quotas ln the short—run (when a vector z of mputs is ﬁxed) the varlable ', 5

r

' proﬁt functlon when yz is unconstramed by quotas 1s

oI (i, Py 2) = },nai,( (p1 Y1 + Pz Yz .(y’i."}’2;"12)_"3.""). N P (1)
: 'where ¢ is the technology set and Pi and p, are netput prxces The propertles we assume for th1s
functlon are standard ondecreasmg in output prices and ﬁxed mputs, nomncreasmg in mput prnces
' ;lmear homogeneous and convex m pnces concave in. ﬁxed quantmes contlnuous and twrce

o dlfferentxable When y2 are constralmng quota levels the firm’s constramed vanable proﬁt functlon is -

I 2 "Vlrtual" prlces (Rothbarth (1941)) are the prices that would mduce an unratloned household to; o
E vbehave in the same manner as when faced w1th a given vector of ratton constramts L




"

-;:_j_-Hf"-(plb."_p;},yz,_’l‘z) max (p1 y1 + by Eal (yl, yz.h_z) e -c)

max (pl Y1l . (.V1I YQI Z) € t) +: p2 .V2 (2)

Hp (Pll y2: Z) +p2 y; v
where the functxon IIP is a restrxcted proﬁt functlon that we refer to as. the "partlal proﬁ t" functlon

mdependent of p2 The partlal proﬁt functlon (2) shares the propemes of the unconstramed vanable S

proﬁt functron as descrlbed above

To estabhsh the relatlonshlp between the unconstramed proﬁt functlon (1) and the quota— e

constramed proﬁt functlon (2) we turn agam to the concept of "v1rtua1" pnce We deﬁne vtrtual

prxces as the vector of pnces pv that would 1nduce the firm to freely choose the netput vector y2

Hence pv must be a functlon of pl, y2 and z, or’

B v‘v.:p‘v'_‘= vpv'(pl_; Var z) .

. We can now evaluate the unconstrained_pfotit :fun'cti,oﬂ_' @atp; =p,as

| max: (pl .V1 +pv .V2 (.V1, _Vzl Z) e T) e
yll Ya. .. -

i s h
AL R HP (Pu Y2r Z) + pv YZ ' i

 and from Hotelling’s lemma, we m?éfyafofrmal.lﬂy-aeﬁhe p,v::as'mevsox,uﬁgn o
n" =7

Now at vxrtual prrces for quota commodmes constramed and unconstramed proﬁt must be equal o o

HC (pl’ pV' y2' Z ; Hu (p1, PV,AZ) :

and from (2) and (4) we estabhsh the relatlonshxp between constramed and unconstramed proﬁt i T




Tl (plf. _pz;fy;, “z) =T (p,, pyi 2) + (pz"~‘z">_v)""‘y2. L
We can characterlze the dlfferences between the quota—constralned and unconstramed ﬁrm 3

, ;behavmr by exammmg ﬁrst and second denvatlves of (7) anferentlatmg w1th respect to- pl and

L ‘;usmg (5) we obtam

e v e oy e

MoTp oo gl @

‘ App'l_yving» Hogtél'lingv’s l_ernma to (8), iwe‘ conclude that -

B »_that is, the opt1ma1 vector of non-quota goods under a quota regime (yl) is ;identical‘ .to th_e.'op't_imal ST
| unconstramed vector (y“) 1f the latter is- evaluated at vm:ual pnces

leferentlatmg (7) thh respect to quota levels Yo, we obtam

HY?: Pa = p) (Hgv - VZ)' 781;:? Py = py) v A0

'Thus the margmal effect of a change in the quota level is s1mply the dlfference between the market
. prlce and the v1rtual prlce for the quota mput or output (see Flgure 1) ‘We refer to thls value as
quota rent, des1gnated as r= p2 pV : A_

- Fmally, dtfferentxatlng (7) w1th respect to ﬁxed mputs z,

; H§= 1’[: . (H;v _ yz') . aaz;v '=:nﬁ ' : : | | : g - ,:» | (11)

Thus the vector of shadow prlces for the ﬁxed mputs xs the same under a quota reglme as under a | o

' jnon-quota reglme evaluated at p2 = pv
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The comparative statics of the non-quota and quota regimes can be further elabdrated by

demvmg the H&ssxans of the former in terms of the latter and vice versa To do this, we ﬁrst

dlfferentlate (8) w1th respect to pl and y, to obtam ‘

- dp, ‘ e a
H;u-'h Plpl * (T[plpv) "—: ’ _ . ‘-(12)

HE;Yz (HPsz) ayz - : : | . “ : :(13)“

. Now'différehtiatiﬁg (10) with respect to p; and y,, we 'h‘avé

I, = - o e
‘and.
c . dp, ) : - . L
II,,,yz e : o sy

~ Finally, we differentiate 3) with respect to Yo, tO obtain

v - 9P,
Py Py ay2

-1 . o as
Equations (12)-(16) may be solved for the Hessians of the unconstrained equilibrium in _tefms .
 of those of the constrained equilibrium as follows. First combine (15) and (16) to ‘obtain i
H;vp; (HYz yg) . S N San
‘Next, from (13) and (15)
H;1 p, = » P1 ¥Ya (H}% YQ) ¢ . o o ‘ ) b, ( 18)

Finally, from (12), (14) and (18),



- ey
H;lp = HSI.P:. P1Yz (HY2Y2) YaP:L S LT

In a s1m11ar fashlon the Hessran of the constramed proﬁt functlon may be expressed in terms of the

unconstramed Hessrans as:

Ya .Vz ‘=v (Hpvpv) I . - ‘ o ‘ o (20) .
Hgl,yz H;l N (Hpvpv) | , and v a '.i | :_‘ : (21)
H;lpl et H;rpl Hsr Py (npvbv)_l H;,,pl C : L -(,2.2)

Equatlons an- (19) show how one may deduce the slopes of the supply and demand curves of
. a non;quota reglme if slopes for a quota reglme are known, while equations (20) (22) prov1de the ‘
opposrte trausformatron Smce these results are dernved from m evaluated at p2 pv, the
transformations are exact only at the quota-constramed equrlnbrrum correspondmg to quota level y2
The results provrde second—order approxrmatxons to the unconstramed profit functlon in: the v1cm1ty of
the constramed equrllbnum Thls is equ1valent to a ﬁrst—order approx1mat10n of the supply and
demand functions such as that shown i in Flgure 1. Here we-can see that the estlmates of a proﬁt
function for a firmvconstrained‘»by ‘a quota to output y3; will,provlde ~estlmates of thevunconst_rained
equilibrium level yy; via li'near’ approxiimation through point -a. | | | | |

Some addmonal mterpretatton of these results is useful The last term. of (19) is negatlve semi-
defimte and the last in (22) is posmve semn-deﬁmte (Lau 1976) Thus under quota constramts the o
' quantlty responses to prlce changes are smaller than those in the unratloned case. Th1s LeChateher
effect is 1llustrated in Flgure 2 For the case of a smgle ratloned output commodlty such as we
consider later in th1s paper equatlon (19) shows that the own—prlce supply elastxcxty of a varlable

" output under a non-quota reglme is equal o its own-prlce elast1c1ty under a quota reglme plus a non-



. negatrve term The non—negatrve term is the product of three sub—terms the response of varlable | s ;}, e
‘ _outputs to the quota level the response of the quota commodlty to 1ts vrrtual prrce and the response A
: }of vrrtual prrces to the prrce of varrable commodmes The second term is non-posmve due to i
' ‘{;‘Afconcavrty of the proﬁt functron and the ﬁrst and thxrd have the same srgn RO
7 From (21), if there is but one ratloned commodrty, the effect of a quota on output (mput) yzj; :
'>'1 e a decrease in Yzy on.a non-quota output is to increase the supply (demand) of the latter 1f they
. | _are gross substrtutes and to decrease it if they are gross complements Smce the order of
o 'dlfferentlatlon is 1rrelevant (21) also mdrcates that the effect on non—quota outputs of relaxmg the b
N constraint. is equal to the effect of a decrease in. the price of the non—quota output on the v1rtual" “
, prrce of the quota commodrty Therefore an mcrease 1n the prlce of the non-quota commodrtyvcauses
o the vrrtual prrce of quota commodltres to rise. if they are gross substrtutes and to fall 1f they are’ gross
g complements | | | -
- Flgure 3" 1llustrates these results for the case of a smgle output prrce pzj that varres whrle other
b Vprrces are held ﬁxed The dotted curve represents the unconstramed proﬁt functron where YZJ 1s |
N ‘ varrable and can’ be set to its proﬁt-maxlmrzmg value for each value of pzj The constramed proﬁt.
functlons show how proﬁt mcreases wrth sz when y2J is held ﬁxed at some partlcular value yzj, yzj
‘ For example the constrarned proﬁt is everywhere below the dotted curve except at A where Y21 is
| ,-' optlmal for Pzp and thrs is also’ true for y2 atB. The fact that the unconstramed proﬁt functron is’
more "convex' than any of the constramed functlons mdlcates that the constramed substltutron effects =
© are -always less than the unconstramed effects. Note that it does not depend on ‘any specl'al . e
‘relatlonshlp between the commodnty whose substitution effects are bemg analyzed and the commodlty‘ |
bemg held ﬁxed ThlS result is often cxted to support the proposmon that government controls and

',restrrctlons render ﬁrm behavror less ﬂexrble and responsrve to changes in the economlc env1ronment :



Two extenslons of the' results (17);(22) are in order at this poi:nt. ’ lhe ﬁrst has to do with the.
relatronshrp between the Hessran of the partlal proﬁt functxon and that of the unrestrlcted profit B
functlon Note that from (2) n’ﬁm = nplpl» Hﬁnpr = Hpryz’ and n?/zyz Hyzyz, thus the S
transformatlons between the Hessmns of the partlal profit and unconstramed proﬁt are the same as
those between constrarned proﬁt and unconstramed proﬁt as shown in (17) (22) .

The second extensron is to show transformatrons between the elastrcmes assocrated wrth the L -
unconstramed constramed and partxal proﬁt functrons The notatlon for elastlcltles is as follows Let
: »y represent the vector of netputs as before or any subset of y that is of 1nterest and let p represent
. ‘the correspondmg vector of prrces Let q represent any arbltrary subvector of arguments wrth respect |
| _.to which elast1c1t1es are to be calculated Elastlcrtres of optxmal netput values y, wrth respect to q |
‘,':canbeexpressedas e | | g e |
E =D1 ‘I'l " D, ' -‘,‘ - > . .: 2 f l23) -
- where E 1s the matrlx of elastlcmes of netputs y wlth respect to q, and yv» Dy ar_e dlagonal matrlces o |
| with the dxagonal consrstmg of y and q respect1ver | o | |

From (10) and (23) it 1s ev1dent that the elastrclty of quota rent w1th respect to quota levels can
‘v be expressed as 7- ‘ : - | EXy |
Al'so,» , '. | | |

E o= 02 IL . D,
Solvmg these for the derlvatrves of the proﬁt functron substltutmg 1nto (17) and srmphfymg, we

obtaln

) Ey:pv"" - (Et;3 ) Dr1 Dpv', TR i _ﬁ,’-(.'17§)-'

(25) L
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Similarly, we obtain
Ey’i b, =~ _Ey‘i v, (Ercyé ,‘)-1 D;l D, | e . ( 18a)
and
‘Eyg p = E.'}’:P:. - Ey‘; }, (Etcyz)_l»E;;I“ . S - {1%a)
Thus (17a)-(19a) show that the transformation of elasticities from the quota-constrained regime
to the unconstrained regime are complicated by the prbduct of the two diagonal-mdtrices'». Similar

derivations for the partial pi'ofit function, however, provide the more direct transforma‘tidns -

Eyp, = = (Epﬁ}'z)_ ’ L o am™

-177 . . V‘ N HS . B ) )

By, = - EP, (Js'ppv,,2 ) , and - - (18p)
Eyp = Eyp ~ By, (EP‘:rYz) Eyp - S (19b)

YTV'husv an advantage of estimiating a pa_rtial p.roﬁtfunclztion'to a quopa-cdnstrained regiiﬁe father"thﬁn the
. (rzionstrainedvfun‘ction' is that the elastic‘ities_ are directly trénsformable to‘ ith'e elasticities of the n(_)n-:, :
quota.regime, : | | | | | ~

The éonstrained pr§ﬁt_ function (2) representé variable producer proﬁtsv imci’er ratiohing and 1t 1s
particularly useful in weifare analysis of rat@oning. It provides a basis for an gmpiri’cal- mebasur\ém.ent
o,"f the Willingnéss of the decis‘ion-vmaltker to pay for a particular chahge ikn ;som'e‘péré‘lnetef,‘ Say, frdm

o® to al. The cost or willingness to pay for such a change can be measured as
©1 . ) . o
W:fH: da . _ o ~(26)
&, . : i . .

Ifo ="p1i, then using Hotelling’s lemma, the amount by which the firm must be éompens_ated fora

price change is given by



) :‘1‘1 e

Thrs provrdes a measure of the change m producer surplus due to a prrce change The
. presence of ratronmg poses no new drfﬁcultxes for the calculatlon of vahd measures of producer
surplus Usmg the restrlcted proﬁt functlon m (2), and thh a= yl , some useful addmonal welfare

N results can be obtamed Usmg (lO), we have

_sz o Vi

Wy = fnyu deJ f(sz Pyj) dYZJ S
vy 23 - L L L 28y

B . Y3j L
= Doy (V25 = ¥33) - f Py ®ri Var 2) dyy; -
. : ' Yzj .

- The above expressron provndes an exact measure of the ﬁrm s wrlhngness to pay for a change in the

: quota level of output i. The shaded area of Flgure 1 1llustrates thns change in varlable proﬁts due to
addmonal units of yzj produced v | Tan

| From (28), the compensatlon requlred for a change m quantlty constraints can be measured
from prlce and quantlty data and knowledge of the virtual prlce functions p‘,J deﬁned above Such

’ mformauon is partncularly useful in the economlc evaluatron of changes in quota pohcres

3. A Translog Specnﬁcatnon
. The foregomg theory suggests that an unconstramed supply and demand system can be derlved o
‘ from a partlal proﬁt functlon estxmated under a quota regrme (or v1ce versa) We spemfy a translog

) structure for the partlal proﬁt function,

o N

mIP=e,+a"X+ 23X BX, L (9
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' *“'wh“ere X = ' (ln pl, ln y2, In z) and o, o and B are parameters to be estlmated @ scalar a vector L
: and a matrlx respectlvely) A convenlent partltlomng consmts of o= (ap az) and
B
B ‘B

B
.VP Yy B}’x
zp Bzy Bzz_

' Using Hotelling’s lemma, the share equations for the n non#quota’l—Cons_’trai:ned{:var*iable inputs* -+

. and outputs are

st etBylnp + B;,y"ln Yo+ B’; nz, S e

where sl is an nx 1 vector of optlmal shares 5; —»ph yh / IIp Note that B and B Wthh are -

needed to evaluate (17) (22), _cannot be estimated from this set of share equatlons The part1a1 proﬁt ' :- RN

»functlon ltself must be estimated, elther alone or Jomtly w1th the share equatlons
leen the assumptlons as stated earller the proﬁt functlon must satlsfy the propertles of
"symmetry, monotomclty, linear homogenelty and: convex1ty in pnces and concavxty 1n ﬁxed

R quantmes Approprlate restrlctlons on the parameters are 1mposed in the estlmatlon procedure so that

the translog proﬁt functlon satlsﬁes symmetry and lmear homogene1ty in prlces Monoton1c1ty, . »

convex1ty and concavnty are not general propemes of the translog They cannot be convemently

1mposed with hnear restrxctxons on parameters of: equatlons (29) and (30) Instead the cons1stency of : L

o the estnnated share equatlons with these propertles must be evaluated after estlmatlon To satlsfy the

‘monotomcrty condltlon the. estnmated shares must be posmve For convex1ty in: pr1ces the Hessmn
I 1mplled by the estlmated B submatrlx must be posmve semrdeﬁmte and for concav1ty m ﬁxed .

quantrtles the. Hess1ans 1mphed by B,, and B must be. negatxve semndeﬁmte

Once the parameters of (29) are estlmated the Vlrtual" shares (deﬁned as pvJ yZJ / IIP) for the' s v't an

, quota commodltles may be estlmated as
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; —sv= 'aiy‘?B};p'ln‘pl + By, 1n yz' ¥ Byz in z el - (3‘1')
The full response elastrcrty rnatrrx consrsts of responses of netputs, vrrtual prrces and shadow
prlces (for ﬁxed mputs) wrth respect to netput prlces quota levels and fixed 1nput levels Thls

elastrcrty matrix can be evaluated for a grven set of values of the exogenous varrables by usmg the

. _estlmated ‘coefﬁcrents and the predrcted shares .as
"EP = (B»—D’+ss') D;l L e (32)'
where EP is the matrix of elast1c1t1es of netputs virtual prlces and shadow prices of mputs wrth

respect to prlces quota levels and fixed mputs and s is a.vector of predlcted shares for the ngen

- values of exogeneous variables.

4. An Apphcatnon. Estrmatmg Tobacco Supply Elasticity

The productron of U. S tobacco has been subject to, federal output restrlctrons smce the 1930s
first in the form of acreage controls and later in the form of productlon quotas (smce 1965 for flue-
cured tobacco and’ smce l97 1 for burley, the other major tobacco type)3 In this sectron we ut111ze '
| the theory developed to estrmate the supply elastlclty of thrs crop, a cruc1a1 parameter in- evaluatmg

potent1a1 changes in tobacco pohcy. RN

(a) The Data 7
We have chosen to estlmate the tobacco supply elast1c1ty for. North Carolma whrch is the -.

largest tobacco-producmg state, accountmg for. about one-thlrd of total u.s. productlon The prrmary- o

R Quotas are allocated to ﬂrms that could sell or rent them to firms thhm their county but m most
- years not to firms across county lines. 'This implies different. marginal ‘costs across counties. - The
rationing problem should then be modeled allowing for as many rations as counties. In this paper we
~ abstract from this to simplify the model. In a recent study, Rucker Thurman, and Sumner (1990)
_conclude that the welfare effects associated with removal of the cross county restrictions 1s small Th1s'

"f.':suggests that the mrs—specnﬁcatron 1mphed by our s1mphﬁcat10n may not be serlous T ' Ll



._".reason for esttmatron at the state level is that tobacco constltutes a substantlal share of agrrcultural

o w-‘producuon value in that state (between 20% and 50% over the 1950-1984 data perrod) thus provrdrng”l: B 1; \f

a rrcher emplrrcal base than would be the case for U S agrrculture as a whole in whrch tobacco s ;' - G
share of revenues 1s less than 4% durmg thrs perlod We estrmate a structure w1th two outputs -

‘_ '(tobacco and all other crop and hvestock products), one varrable mput (productron mputs mcludmg

L ]hrred labor) and three ﬁxed 1nputs (land caprtal and the stock of research knowledge) Table 1

E o AR (2) for varlable mput prrce

, 'descrrbes these vanables and the full data set is mcluded in the Appendrx
Among the data requlred for estrmatron of the proﬁt functlon are expected prrces whrch are
| not drrectly observable -Our proxy for expected prrces is a set of predlctrons from ARIMA (p d q) SRR

: models estlmated from the tlme serles of reallzed prrces Using Akaike’s' (1974) 1nformatlon crlterlon;' .

' and the Q-statrstlc (LJung and Box 1978) ‘the accepted models were an AR (1) for output prlce and anf’ 3 ‘f;}_‘; :-

‘.b) Econometric Estimati’on

We estrmate equatrons (29) and (30), w1th slrght modlﬁcatrons for estxmatron purposes” Flrst :
| random drsturbance terms (e) were added to the proﬁt and share equattons These drsturbances

represent the effects of random weather condrtrons and approxlmatron error they are assumed to be ‘

- "jf‘homoscedastlc and uncorrelated wrthm equatlons Contemporaneous cross- equatxon correlatron of the

3 dlsturbance terms is permrtted

If, besrdes satrsfymg the above assumptrons the‘vector of dlsturbances 1s multmormally S
o drstrrbuted maxrmum hkehhood estrmatron can be performed Under the stated stochastlc !

‘assumptrons the maxrmum lrkehhood estrmators are consrstent asymptotrcally normal andv

asymptotrcally efﬁcrent In addmon they provrde estlmates mvarlant to the chorce of equatlon e

- _deleted The lTSUR optron of the SYSNLIN procedure in SAS was used for estlmatlon
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Usmg the expected prices fitted wrth the AR models and the data descrrbed in the prevrous,

sectron the equatrons (29) and (30) are estrmated by the method of maxrmum lrkehhood Cross- :
' " - equatron symmetry and 1dent1ty‘restr1ct1ons are 1mposed along w1th lmear hornogen_erty m-prrces.

* Aggregation consistenc)r requires homogeneity of degree one ln fixed cOMOdltles;' so these f
res_trictionsa are also impo_sed. The system'jhas two equations, the dependent‘.variables ‘bein_g .the.- :
log'arithmb of proﬁts and the v.ar-iable output share. The staclcedfmodel has 64 ,observatiorrs and 16v |
estimat_ed parameters. ° | . 2 "

’ Collinearity diagnostics developed by Belsley, K.uh'. and Welsch (1936) indicate:an ahsence vof
strong multrcollmearrty Because time-series data are used the presence of autocorrelatron in the
resxduals is possible. Srmple Durbm—Watson statrstrcs for each of the equatlons in the system fall in R
the mconclusrve range. A test for the Jomt hypothes1s that the autocorrelatlon parameter m each
equatron is equal to Zero, proposed by Judge et al. (1980), does not reject the null hypothesrs (for
this problem q-~ X is calculated to be 4.09 and the 0. 05 critical value is 5. 99) ‘Both of these |
procedures test for the existence of serlal correlation occurrmg wrthm a smgle equatron but do not
_ | consrder the more general case in whrch €ITOrS may also be serrally correlated between equatrons

Guilkey’s (1974) Wald test statlstrc for a system of srmultaneous equatrons that do not contam lagged ;
’.endogenous varrables as regressors 1s calculated as 6.5 1 For four degrees of freedom the Chr— ,

square critical value at the 5% level is 9.48. Therefore thrs statrstlc does not lead to rejectlon of the

hypothesis that the matrrx of first-order vector autoregressrve coefﬁcrents is zero. Estrmatron : '

| .'proceeded under the assumptlon of serrally mdependent errors R2 obtamed from OLS resrduals are.

O 78 for the proﬁt equatlon and 0.71 for the output share equatron Table 2 presents the parameter : S

estlmates of the restrrcted model The table contains a total of twenty-erght parameters s1x of which

are s1gmﬁcant at the 1% level five at the 5% level and six- at the 10% level
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In addltlon to the unposed propertles of symmetry and- homogenelty, monotomclty and

o ,;_:,convex1ty 1n prrces are addltlonal propertres of a proﬁt functron that cannot be satrsﬁed globally w1th \

._.the translog functron However they may hold at the spec1ﬁc data pomts used 1n estrrnatmg the N Ol

e functron For the estrmates m Table 2 monotomcrty is sattsﬁed at the pomt of expansron but 1s

" "_vrolated for 2 out of 6 predrcted shares at the mean of the data and for 39 of the 192 predrcted shares ) S

s at the mdrvrdual data pomts Convexrty is v1olated 1f own-prlce elastlcmes have the wrong s1gn
. 'There are no such vrolatrons at the average of the data pomts but there are at 44 of the 192 data

P 'p_omts,_ s

' : ¢)’ » Estrmates of Supply and Demand Elastlcm%

We use equatlon (32) wrth predxcted shares evaluated at the mean values of varlables to

calculate the estlmated elastlcmes of optrmal productron declslons 1n response 0 changes in prrces and ‘: -

- fixed quantrtres The results shown in. Table 3 1nd1cate a non—tobacco output supply elast1c1ty of 24 o
| and a derrved varrable 1nput demand elastlcrty of 41 estlmates that are lower than we expected but ’
: consrstent w1th other estrmates of aggregate agrlcultural supply and demand elastrcrtles The key

e elastxcrty of mterest in this. study is the prlce elasttclty of the latent tobacco supply curve wh1ch is the' o

: rnverse of the tlnrd element on the dlagonal of Table 3 Thls estlmated prlce e1ast1c1ty is. about 7 0

T . jThls isa large elastrcrty, larger than the recent estimates of 4 O to 5 6 by Goodwm and Sumner e

. (1990), who used a drfferent approach w1th cross-sectlonal county-level data for a recent ten—year

| : perrod These large elaswrty estlmates are qulte plausrble in v1ew of the fact that tobacco utlhzes only g

: ’7% of harvested cropland and perhaps hlgher proportlons of other 1nputs v1rtually all of whrch can

. - be reallocated between tobacco and other products | | | |

The remammg dlagonal elements m Table 3 mdlcate that the derlved demand elastrcmes for o

L land and caprtal are -.25 and -1. 66 respectrvely (w1th other prlces constant and tobacco quota ﬁxed), ‘"

o and that there are mcreasmg margmal returns to the research vartable Other key results from Table :
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3 related to the existence‘of‘ a quota commodity Yare the negative unit elasticities of output and variable
input use with .respeci'-to' Changes in thetobacco quota (the first .is plausible, the .s"econd’:is» VSurp'r‘ising
but plausible). " The elastic‘ity' of tobacco supply price with respect o the price» of Ot‘h.er‘outpu_t is‘2'.47 |
“and with respect to the price of variable inputs is -1.47 (an uriexpected and implauSible sign).‘ .This- :
: partral review of the econometrlc results mdncates that the dragonal elements of the elastlcltxes in
Table 3 have approprlate srgns and expected magmtudes ~while the off- d1agona1 elements contam |
some estlmates that are dlfﬁcult t0 ratlonahze though theoretrcally pos31ble .

Smce thrs approach to estrmatmg the latent tobacco supply elast1c1ty rests on measurmg the
ec0nom1c effects of reallocatmg resources between tobacco and other Jomtly produced outputs 1t is
useful to test thls Jomtness property For the restricted proﬁt function, nonjomtness between ‘
aggregate output and tobacco requlres that the second-order cross coefﬁment between these two
. vanabl‘es (-.»135, in our Case) be ,equal:to the‘ »negatxve of _..the product of the correspondmg ﬁr_st—order’
coefficients .(4_.75; and §11.94 in our case). A likelihood ratio test 'conditional on me'mai“_@iﬁedi |
| hppoﬂlesis of _lsymm:e'tr'y',‘» homogeneity in‘pri‘cesf and in fixed 'c'omrnodities, 1€¢j ects this: null hypothesrs

atthe_S% level. e G " I |

E;quation'(22b) prouides a- meaSure of how the svupply"elasticity'. ofi_‘non{tObacco }pr.o'ducts_ would

change if the tobacco quota sy.ste'rn were .eli'mi.n'ated._' We obtain. t_hebs‘urpr;ising_ result that elimination
vof quotas would_increasethe.‘non-tobacco supply elast,icity fr‘()rn 2410 '17’;67.} ‘T‘o see ,why.th‘iseffect"
is so large, reca]lth‘at the last matrix eitpression of (>22b) augments the ’elasti‘c-ity:rnatrixffor: a quota‘ :
regrme to obtain the correspondmg portlon of the elastlclty matrix for an unconstramed reglme For
:the case of a smgle ratloned _commodity and a smgle aggregate of other commodrtles the e
) augmentatlon of output supply elast1c1ty cons15ts of the negatlve of the followmg product elastrcrty of
' tobacco virtual pnce wrth respect to other output price (2 47) txmes the elast1c1ty of tobacco output e

with. respect to tobacco virtual prlce (6 97) tlmes the elastlclty of other output w1th respect to tobacco ’
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o output ( l 01) whlch equals 17 43 The comparable LeChateher effect on 1nput demand is to

mcrease elastrclty from 41 to’ -1 97 also a-very large effect These large elastlcmes and

R : ‘.where data permlt estnmatron of restrlcted proﬁt functrons

.‘ “ LeChateher effects could be vahd at the average of our data set. but seem unhkely to hold over the
- range between the constramed and unconstramed equtlrbrrum pomts s0we are more cautlous m

o .maklng mferences from those results than from the estrmated supply elastxc1ty of tobacco 1tself

s Summary and Conclus:ons

We have dlscussed the theory of producer response under quotas and have shown how duahty R

theory and the concept of vutual prlces may be used to srmphfy and extend thls theory Among the RIS S

f'xmphcatrons of our results are the fact that behavxor under ratxomng may be predrcted from a
'knowledge of behav1or in an unratloned reglme and vice versa Thrs 1nformatlon is 1mportant m
evaluatmg pol1c1es that erther lmpose quotas on a prevnously unconstramed sector or ehmmate quotas o

R m a sector in whxch they have long obscured unconstramed market responses We examme an 1ssue SRR

of the latter type 1n whlch we estlmate the market supply elast1c1ty of tobacco from' me serles of e
data durmg a quota reglme that totally obscured producer response to tobacco prlce The estrmated IR IR

‘, 'f‘supply elast1c1ty 1s about 7 0 hrgher than estrmated by others Thﬂs dxfference has 1mp11catrons for

. o 'measurmg the welfare effects of changes m the tobacco quota program We conclude that the :

o .'approach we develop may be useful in empmcal evaluatlon of other quota and ratxonm .pollcres sl SRR
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- Table 1. -Varlabla desc'ribi.r'i'g the agri‘cultural_slector ‘

I, partxal proﬁt the value’ of crops and livestock produced not '
- including tobacco minus the value of varlable mputs descrlbed :
below. ‘ : : :

Vits ‘variable output: the value of production of all crop and .
.~ livestock products other than tobacco deflated to 1950 dollars
" " using the GDP deflator. Realized price is a Tornquist-Theil
index of deflated prices received by North Carolina farmers. -
; Expected pnce is from an ARIMA estlmator descrlbed in the -
- text 3 , ,

- Yi2» variable input: total farm production expenses, less
- depreciation, property taxes and net rent to non-operator
landlords, deflated to 1950 dollars using the GDP deflator.
'Realized price is a Tomquxst—Thexl index of U.S.-wide price -
indexes weighted by North Carolina expenditure shares,
deflated by the GNP deflator. Expected price is from an
' _ARIMA estxmator described in the text

R 7T tobacco mlllxons of pounds produced " i
| zy, land m1lhons of acres of harvested cropland

Zy, capxtal the value of machmery and motor vehicles on N C
g farms deflated to 1950 dollars. For the period 1950-1970; this
* value was available only for the United States as a whole. -For
this period, the North Carolina share of this U.S. value was
estimated to be the same as the share of N.C tractors on farms:
to U.S. tractors on farms, as available from the agricultural
~ censuses and mterpolated linearly between census years.

Z3, o stock of research knowledge a dxstnbuted lag of deflated state
- . and federal funds expended by the N.C. Agricultural Research
Serv1ce The lag dlstrlbutxon consxsted of a 13-year 1nverted-V



h Table 2. MaXixnum likelihood estimates of the transiog proﬁt fuhction coefﬁciehts

Standard errors in :pareritheées_'.

Expl;'a.natory Vaﬁgbl«:s
First Order - ,' . .
- Coefficient . Second Order Coefficients -
~. Dependent —-—Price of-— ———-f~——4-Quagtity ofr e
* Variable ) . . )
. ' output inputs tobacco land capital research
output 4.75411 253356 253356  -0.13513 0.71337 0.84852°  -0.98913
o (1.95623) (0.29508) (.29508) (.46117) (0.34628) {0.38929) (0.19681)
~ inputs 375411 -2.5336 . .0.13515 0.71337 - -0.84852 — ~ 2.95917
: 4 (1.95623) ©(:29508) - (0.40117)  (0.34628)  (0.38929) . (0.68700)
 tobacco -11.93763 200720 6.81942  -4.81220 268471
: (16.51615) © (3.96009) (3.04188) (2.96793). . (1.45328) -
land 3.92327 -11.86200  5.04214  -4.47800
o (12.49898) (3.64586)  (2.76176)  (1.67087)
capital 9.01436 0.22991 1.79325
(18.09359) (3.88699)  (1.98842)
rescarch 1.26446 - -0.92058
S - {(8.97853) (1.20012)
'NOTE:

07



" Table3. Estlmated elasticities, evaluated at the mean of the variables

Elasticities with respectto’ o

" Vadabe - Oupwt - Input - Tobacco  Land -~ Capital D
e ¥ S o . -Price . Prce ~ Quota  ‘Quantity . Quantity . Research

Sooutput o 24 L2400 at0t 0 197 .04 176
S cImputt o So4r o -4 1060 1740 32 =05
-~ Supply Price Tobacco - - 247 0 .-147 o140 T 486 0 0 4T C-63

' Shadow PriceLand - . 201 - -101 . 204 = 394 190 R
.. Shadow Price Capital =32 0 132 . 1407 - -13.47 - -.60 -3.42

" Shadow Price Research .~ . . 187 . .. .03 27 22 s nT6
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Figure,3. Supply of a non-quota outputin a quota- _constrained regime y
. versus an unconstrained regime v,



P2j

‘o

, 5
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