|

7/ “““\\\ A ECO" SEARCH

% // RESEARCH IN AGRICULTURAL & APPLIED ECONOMICS

The World’s Largest Open Access Agricultural & Applied Economics Digital Library

This document is discoverable and free to researchers across the
globe due to the work of AgEcon Search.

Help ensure our sustainability.

Give to AgEcon Search

AgEcon Search
http://ageconsearch.umn.edu
aesearch@umn.edu

Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only.
No other use, including posting to another Internet site, is permitted without permission from the copyright
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C.


https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu

Working Papers in
AGRICULTURAL ECONOMICS

No. 90-10

Policy Analysis in an Imperfectly Competitive Market:
A Conjectural Variations Model for the Food

Manufacturing Industry

Leo Maier

Department of Agricultural Economics |
New York State College of Agriculture and Life Sciences
A Statutory College of The State University

Eomet% University, thaca, New York, 14853-7801




i is the policy of Cornell Usniversity actively to support equoilly
of educational ond employment opportunity, Neo persen shoil be
denied admission fo any educotionol grogram or activity or be
denied smployment on the basis of any legully probibited dis-
crimingtion involving, but not Hmited to, such focters as race,
¢otor, creed, religion, national or sthaic origin, sex, age or
hendicoe. The University iz committed fo the maintenance of
affitmative action progroms which will gssure the continuation
of such esgueiity of cpportuniiy,



Processed Food
Farm input
Non-farm input

Number of firms in the industry

,Elafsticity of industry aemaad

Supply elasticity of the farm product

Supply elasticity of the non-farm product
Elasticity of input substitution

Conjecture of firm i about the aggregate output

reponse of its competitors to a unilateral output

-éxpansion

Term reflecting oligopolistic market power;
includes N, m,and A

Share of the farm input in total cost

Share of the farm input in output value

Share of the non-farm input in output value



e I S, AN,
DacK SRR SRS ERACEaR




Policy Analysis in an Imperfectly Competitive Market:
A Conjectural Variations Model for the Food
Manufacturing Industry

by

Leo Maier

July 1990

The author is a Ph.D. candidate in the Department of Agricultural Economics at
Cornell University. This paper summarizes part of the thesis research. The author
wants to thank David Blandford and Richard Boisvert for their help and comments.




. L
N .




Abstract

Th?e“ef;feét:s of government policies are-analyzed in a conjectural
variations model of U:S. food manufacturing. The policy elasticities
of the perfectly e‘ampéﬁﬁiié»n”ibﬁétﬁaré “valid ‘predictors of policy
effects irrespective of 'thégtYpe df.zé'ri-gbpoly. Changes in the dég ree
of competition may alter the magnitude of the policy elasticities.

Keywords: firm behavior, market structure, imperfect competition,
conjectural variations model, policy analysis, food manufacturing.
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lntrqqugj;i;an /

input modél of a competitive mdustry has been extensrve!y used by ag ncuftural
economists to quantify the effects of govemment interventions on equrhbnum market
pricés and quantities (e.g. F(oyd Gardner, 1975 and 1 987). Recently; mcreasmg .
attention Has 'been paid to others sectors of the food mdustry, espematly %) food
manufactunng and ws Imkages to agrrcu!ture The govemment mtewenes extenswely in

market structure defmes the environment in wh:ch pnce pehcres become effectwe the
relationship between the two types of government interventions should be taken into
account in policy-analysis. This is particularly important when the linkages between
production agriculture and food processing; two industries-with distinctly different: -
structures, are analyzed.

Contrary to the atomistic struciure of farming, mdw;dua! food processors often hold
considerable market shares. in 1982, more than halt (28°'cut'of 47)_ . 5. food prccessmg
industries had four-firm coficentration ratios of 40- percent or greater. According to
Scherer, deviations from-perfect competition.pose a potential problem in these markets.
Connor et al., who consider various aspects of market structure, estimate that in 1977
three-fourth-of total industry shipments in food manufacturing came from oligopolistic
industries. Although deducing-strategic power from market structure is not without risk,
there-is substantial agreement that many U.S. food processing industries are
oligopolistic (Breimyer; Parker and Connor; Freebairn et.al.; Greig). The competitive
model does not seem to be an appropriate framework for policy analysis in U.S. food
manufacturing. '

In this paper, fie competiﬁ\?e model is extended to allow for sfﬁa‘régic firm behavior
in food processing. To keep the results general, no specific form of oligopolistic canduct
is assumed. Instead, the firms can make any conjecture about the reaction of their
rivals. The equilibrium outcomes of the conjectural variations model lie on a continuum
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still be used forpr” :  gife
-charaetenzed by st i

Thehfv!bde!

There.are: N firms in the industry. Entry-conditions are such that the.market is
uncontested forrelevantprofit levels. Each firm usesitwo inputsto produce a ::
homogeneous output. To avoid aggregation problems, it is assumed that-all firmsin an -
industry have the-same technology-and the-production function istwice continucusly
) dxfferw -trabler an ;zhamogeneaus ef deg ree ‘one in mputs The resmcttsn Qf canstam

Le:t «t-hep-ﬁpduct:on f,uﬁcﬁm of a representative firm be x; = f(a;; bj) -and industry
output X = x,+x,, fvari:étzt’e;; fiﬂdaxed#by:x:i -are’ indusftfy aggregates excluding firm 7).
Industry input levels are a=gj+a.; and -b=by+b.;. Input.a: is anagriculturalinput; b
is a marketing input. Because of identical firms and CRS, industry production is:

XFlab) ., 8 - )
where F(.} has the same properties as f(.). Industry demand and input supplies are: :
X =m{P,) ) m'(.) <0 @

a=g(Py) g'(.)>0 (3a)
b= h(Py) RS0 . (3b)



The ftrms object:ve is to maxxm;ze proms The mdnndual frrm solves:
max H; Xfpx a;Pa - b*Pb

for optimal values of aj and b; . As an ohgopohst the firm is aware that the price
received for its product isa functnon of industry output The profit function is:

It = f(aj: b >Px<x,+x-,> a}Pa biPp .

(42)

(4b)

denotes the behef of an mdmdual f;rm aboyt the.pgmpetxtors aggregate ou.tput

response:
ax_,
M= A

Since firms are assumed to be :dentlcal each of them has the same expectation about
the compet;tors reac;hon fo. a umlatera! output expans;on The equmbnum concept
underlying the conjectural vanatlons model, determined by equations (1)- (4), is a Nash
equilibrium in quantities. Each player guesses at the competitors’ strategies. The
presumed reactions of other firms are taken as given. Equilibrium prices and quantities
are such that the FOC's of all participants are satisfied simultaneously for the given
economic, technological and behavioral constraints. A firm cannot improve its situation
by acting d;fferently

Different A's correspond to different ohgopoiy theOrres !f A = 0, the individual firm
believes that output changes on its part do not proveke responses by other firms. The
outcome is the Cournot-Nash equilibrium. f A = N-1, the other firms are expected to
expand output by the same proportion, implying that firm / does not perceive a chance
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to increase its market share at the expense. of its competitors. In this case, firm i's
profits are maximized when mdustry prof its are maximized and the outcome is collusion
{cartel). The industry produces monopoly output and charges the- monapaiy price. “The
same ethbnum |s obtamed when there is aniy one firm in the industry (N=1 k—O)

(A= -1); a large number of fnrms (N approaches mhmty) perfecﬂy eiastzc demand (lﬂl
approaches infinity). In all three cases, the bracketed térms in (4) are.equal to-6ne‘and
mdustry equritbrrum :s that of a peﬁect!y competmve market' T hese sltuattons, hawever

the cun;ectura! vanatmns made! Any canjecture betweén *1 and N 1 is reasonabke

Let the bracketed terms in (4) be denoted by ¥, summarizing the three parameters
that defé-rmine the degree of market power {N, A, n). Under the conditions of the model,
¥ is boundad by zefo and one. Undér imperfect competition; factors are paid less thafi
their marginal valie products. The strategic power parameter ¥ reflecis the fraction of
the margmat va!ue products pasd ta the factors for a: gtven form of ohgepaly To see that
value Sa and Sb, wnte total cost (C) in terms of the FOCs Factcrs are pand Pa =
PxFa‘P and Pb Pbu“i’ per umt totaf facter payments are C aPa+be =

The greater the degree of oligepoly power, the smaller is the sum of the input shares.
The Policy Elasticities

In this section, comparatlve statrc results are derived from the conjectural
variations model. The- emphasrs is on the c&mpanson of the effects ofa pohcy
instrument under different types of firm’ ‘béhavior. A policy intervention causes the
endogenous variables of the model to move away from initial equilibrium. The marginal
effects of such interventions are expressed in total elasticity form. The notation follows
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Gardner (1987). For instance, the effect of a subsidy {s ) on the equilibrium.value of . -
inputl ais represented by the elastic ity Ea*/Es where £ is the percentage operator
and the astensk mdxcates an eqwl:bnum va!ue Fcr s:mphcrty, the astensk on the.
endogenous vanable is dropped hencefcr’rh The elasticities are ‘total‘ in that all cf the
endogenous vanables are allowed to adjust simultaneously. This should be
distinguished from the (partial) elasticities of input supply (é?él,’é’gifi and output demand
(m). The denvattcn of pohcy elastncnties involves takmg tctal dnfferemtals cf equatnons (1)-

4) To keep the aigebra manageabte ‘{’ has tc be constant thus ihe restrrcuon cf

and a defrc;ency payment scheme The quanmy cf the farm good (a) and the pnce of

the prccessed Tocd (P () are chosen as the endcgenous vanables cf mterest The pohcy
elastrcrtzes are gnven in tab e 1

production su reduces the margmal cost of producmg X itis mcorpcrated
by mcdnfymg the FOC’s The margrna! factor costs. are reduced by mu}hpfymg Pa and
equrlxbrsum, s=1. A)subgtdy cf ;k pe,rcent is perc.ewed py ;heht;ndustry.as,a cjewnward
shift of the effective MC curve by the same percentage. As expected, the sign of Ea/Es
is positive and the sign of EP,/Es is negative for the given parameter signs for alf

admissible values of \¥. The production subsidy increases factor use and reduces output
price. :

The signs of thvevpo icy e#fects are Ea/Es >0 and pr/ES <0: The subs;dy increases the
t for
X_. If output price Py is controlled, |n| -->infinity and the perfectly compentrve solution is

use of input @ and reduces the consumer price. The third policy is a prig




function and treatmg Px as éxegénaus The auput supply elastsctty EX/EPX ns given in
Muth (p.227). F’hayd anafyzes the eﬁects of changes in Px on factor markets. h

vanatrons in F’ ca ; { qmirbnum adjustments of 43‘ along sts deﬁved demarrd curve.
The awn pnce efantCtty Ea/EP |s negatwe (table 1) Fn the specsal case of perfect
denved in Hicks (1 963) The price transmission elastxcaty EPX/EP is posmve ‘A pnce
suppert tor the tarm product dnves up the price of the pmcessed fazacL

the market;price Tne pnt:e of the farm good is determmed on the denved demand :
curve. The difference between Pa ‘and the marginal-cost: of alis the per unit value: of -
the queta rtght In order to mcarpefate the qucta *khe suppty functtﬁn (3a) is eliminated.

Smce a productzan quota fcr ais equwalenf toa ﬁegat[ve Ea EPx/Ea <0 lmpi:es that
an output quota in'the fafm séctor has a positive effect on the price of processed food.
In the special case of perfect competition, EleEa reduces to the corresponding
expression in-Gardner (1 987 p.98, equation 4.15).

A deficiency payment program conipensates farmers for the difference between &
politically determined‘targetiprice P and the actual market price P, Food ~ )
manufacturers buy the product at the lower market price. The equilibrium value of a is
determined on the input supply curve (3a). Since Ea = e4EPT, the effect of the
deficiency payment on the farm goodis simply E&/EPy = e, . The link between the
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target price and the market price is given by EP,/EPT = (EPy/Ea)e, , where EP/Eais
the inverse of the own-price elasticity of derived demand. Therefore,

EP, EP EP,
EPT EP Ea

- €4

This is the same as the elasticity of Py-with repect 1o a preduction quota in the farm
sector multiplied by-e5 (table:1). A target price above the free-market price implies
EPT>O Thus EPX/EPT<0 a deficiency payment program reduces the: price of the

The total elasticities in table 1 provide the basis tor the ‘ﬁré-“éfiétibﬁﬁf policy etfects
under o rgopehstrc campetmon Ol‘rgopohstrc firm canduct rs captured by 1 the strategrc
power parameter v If the market power parameter (and the con}ectural variation term
A) and the mput shares in tota! revenue Sa and Sb, are known the formulas can be

apphed drrectly ln many cases rt is the factor 20ost shares that are known Beicw itis
shown how the pohcy elast:crtres intable 1 can be snmple:ed so that ¥, Sa, and Sp are

repiaced by the factor cost shares Rela‘non (5) makes it possible to. wnte
Sa p¥-and Sp = (1~p) ’ o )

where p and (1 p) are the shares of inputs a and b in Igla_gqgt By subsmutmg ( )
into the policy elasncrtres the strategrc pawer parameter cancels and the mput cost
shares ;)“énd (1 p) show up in the formulas. The reduced fcrmulas obtained by settmg
¥=1 (perfect compentron) and replacmg Sa and Sb by p and (1 p) respectively, are
identical to the standard pultcy elastrcrtles derrved from the perfecﬂy compet;trve model,
provided that the factor shares in the standard expression are nnterpreted as cost shares
and not as input shares in total revenue. The major implication is that, if the cost shares
are known, the policy elasticities of an oligopolistic industry can be computed solely on
the basis of e,, e, 1, and the elasticity of input substitution & . This result holds for all
forms of oligopolies captured in the conjectural variations framework. If S and Sy, are
observed instead of p, the cost shares can be recovered from:



S'b ?-p . ; S . - (7)

whichis a functten of ftrm behawcr @nce the mafket has settted mto an eqwhbnum
observed cost shares, combined with other' model parameters, umquety defermme the
effects of policies. There is no needto know the form of competntwe behavior that
underhes the abserved equ:lxbnum

»Market Regu!atzon and;spol‘-cy Eﬁects

ln thrs sect:on the effects of market reguration on the pahcy elastxc:ties are
analyzed. ‘Would a poltcy become iess or more effectwe tf for mstance the entry
GOHdItIOTlS the cartei Iaws or the rules for market orders were changed’? To cianfy tms
issue, nt is assumed that some kma‘ of regu!atory measure mcréases the deg ree of

to a new one that s charactanzed by a greater mdustry output The mpact of thig shift
on the pohcy eiastrcttxes hmges on thé dtfference in the mput cost share ratios befafa
and after regulation. The cost share ratio is determined endoganously and is dependent p
on the technical characteﬂstrcs of fhe producuen functton as well as on the mput supp!y “
functions. The change in the cosi ‘share ratio assocrated wrth an increase m competrtren
can be pred:cted on the bas:s of the model parameters A move towards a more

e >e, eg<ep

6>1 + -
c<i - +
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compet:tnve equmbnum wnl decrease the cost share rat;o The s:gns in the table are
reversed for measures that reduce competxtron in the mdustry 3 o ‘
Addmg the assumptlons Qf canstant €a, eb and c over the relevant range of

of subs’utuncn :s equa! to one In most ather cases the changes in the absoiute vaiues

of the policy expressions can be signed based on the three inequalities: ¢ >(<) 1,0
>(<) In| , ea >(<) ey . Table 2 summarizes the findings for input substitution elasticities
gi/’reater fhan one. (For o < 1, reversethe signs in table 2). For instance, for the case
mermoned earlier {o > 1, eg < ep}, a production subsidy in food manufacturing will be a
‘iess eftective means of increasing the demand for the agricultural m:put {Ea/Es) after ‘
market regulat:on than it was:before: i the substitution effact cutwetghs the output effeot
o > |} . On the contrary, -the effectiveness of the policy is enhanced if ‘o< n} . The
potential impact of market regutaﬁon on the effect of the same policy onthe price of the
protessed food cannot.be signedif. o> |n|:. Ifo < n}, the absolute value of (EPX/Es)
increases with the degree of competition.

Conclusions and Extensions

The formulas in table 1 are suitable predictors of policy effects for a continuum of
oligopolistic firm behavior, rariging from moropoly to perfect compétition. The main
conclusion is that these policy elasticities, detived from a conjectural variations modi,
can be reduced to the standard expressions obtained from a perfectly competitive
market. From an empirical perspective, the standard formulas provide valid predictors of
the effects of government interventions under imperfect competition as long as



10

observations of the inpiit cost shares are available. For instance, if the observed cost
shares are the result of a Cournofn[\iash eqmlzbnum the cornpetttwe market eiastictty

agncu.ltur,e. 1s<-pe-rfect!y -competitwe and food pmessmg is oligopolistic. T’he explicit -
representation of technology and optimizing behavior in-the farm- secétor:allowsfor the
:anaiysgs of a ncher set of farm pohcnes A though the pot;cy elasticmes are. cenvement

assu mpt;ens. )‘To : adap,t ;them;,to ‘more realistic situations, the author is eurrrem!y
deve}ap'fng*aﬁ empirical two-sector mode! of farming and food processing based on- -
flexible preducttan functions. The food manufacturing mdustry is represented by a
dominant firm-model. R -

Based on this empirical model, the price/quantity effects as well as the welfare
effects of an array of government interventions in the U.S. food mdustry will be

anaiyzed To demonstrate the welfare trade-offs of marginal changes in.policy
mtruments transfer effrcfency curves will be. esnmated Srmulancns will be conducted 1o -
show the ;,gifvfegtg,qu market structure regulatigns. The zsrmulgtgons will also explore the
senvsitiviiy of the res.ults to different assumptions about economies of scale, input
substitution, and the elasticities of input supply and industry demand.



11

- TUTABLE1

Policy Elasticities. -

i s

" Production Subsidy
Ea WYemo+e,) EPx _ Weuep+ 68,5, +e,8;)
Es~ D Es D
Subsidy for Input a

Ea _eal¥no-eyoSy-nSl  ER _e.Silo+ey)

Es D Es D

interventions in the Farm Sector

Price Support

Ea W10 -e,(0S, - 1S,) EPy Silo+ep,)
EP, D’ | EP, D

Production Quota

Ea 1 EP, _ Salo + eb)
Ea Ea D

Deficiency Payment

Ea EP, e;Sa(c+eyp)
EPy e EP, -~ D

D =¥omn - o(e,S, + €,Sp) + n(e;Sp + 8,S,) — Yeep <0
D'=6S, -nSy+W¥e, >0
D" =%¥on - e'b(ch - nSa) <0
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TABLE 2

Change in the Absolute. Value of the Policy Elasticities
Due to an Increase in the Degree of Competition

Ea/EK  EPYEK
G>1 ) vwéa(@b €a<é€p €z >€p eg< €p

o>l ‘ - - ind ind
o <nf + + 4 +
o =inj n.c. e + +

SUhSldy for Input 4

o>n) - ind ind -
o<l + ind , + ind
c=n| n.c. n.c. . + -

Price Support

o>l - + ind ind
o<ni + - + -
o=l n.c. n.c. + -

Production Quota

o>l na . ma + -
o< n.a. n.a. ind ind
c=|n| n.a. n.a. + -

Deficiency Payment

c>n| n.a. n.a. + -
o<l o f.a. na. " ind ind
c=mn| n.a. n.a. -+ -

ind ... sign indeterminate, n.c. ... no change, n.a. ... not applicable
K ... Policy variable (in general).
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