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Optimal Commaodity Promotion in Imperfectly Competitive M arkets

Expenditures for advertisng and promotion are important in agriculturd product markets in
severd countriess. Money to fund commodity promotion programs is generdly raised from per-
unit assessments or check-offs on farmers and/or processor-handlers and expended by industry
marketing boards. These programs, due to the magnitude of money expended on them and their
potentia for raisng producer incomes, have received consderable atention from economists
interested in agriculture.

Research has emphasized two main themes. One focus has been the effectiveness of
exiging programs and the measurement of demand impacts of promotion expenditures and rates
of return to producers. Forker and Ward and Ferrero et al. summarize this work, and Davis
provides a recent critique. Most recently, this work has focused on the didtribution of benefits
and costs of commodity advertisng, including papers by Alston, Chdfant, and Piggot, Kinnucan
and Miao, Algton, Freebairn, and James, and Chung and Kaiser (2000a, 2000b). Didgtribution of
advertisng benefits has assumed paticular importance in the U.S. because litigation in
oppogition to mandatory promotion programs has been based on claims tha the programs have
disparate impacts across producer groups.*

A second area of research has been on decisons as to the magnitude of funds to collect
and expend on promotion, in paticular the derivation of conditions for optimd advertisng
intensity. The geness of research into optimd advertisng expenditures is Dorfman and
Sene’s (DS) semind andyss DS showed that, a the joint optimum of price and advertisng
expenditure, a monopolist sets the ratio of advertisng-to-sales equa the ratio of the advertisng

eladticity of demand to the absolute price eadticity of demand.

! Thislitigation led eventually to adecision by the U.S. Supreme Court [Glickman v. Wileman Bros. And Elliot, Inc.,
521 U.S. 457] upholding the legality of such programs.



Some years laer Nelove and Waugh (NW) andyzed advertisng by an agriculturd
industry board that had no direct control over price and output of the commodity but was able to
influence demand by collecting and expending money for advertisng. Importantly, advertiang
monies were generated in a lump-sum fashion by NW’'s commodity board. Under these
conditions, optima advertisng is characterized by the condition of equdity between the ratio of
advetisng-to-sdes and the raio of the advertisng dadicity of demand to the sum of the
absolute price dadticity of demand and the price dadticity of supply of the farm commodity.

Denoting market price and output by P and Q, respectively, advertisng expenditure by A,
abolute price dadicity and advertisng dadticity of demand by Op and O, respectively, and
price dadticity of farm supply by ,, we can express the DS and NW conditions in equation form

asfaollows

The NW formulaion indicates a lower optima advertisng-to-sales (A/S) ratio han does the DS
condition because the supply response from competitive producers vitiates partidly the vaue of
the demand expanson generated by advertisng. The more dadtic the supply curve, the less the
farm price increase generated by a given demand shift.

Severd other studies have built upon these foundational works to generate conditions for
optima commodity advertising under a variety of market conditions. Chang and Kinnucan noted
that when advertisng is funded by a check-off program, part of the cost will be shifted forward
to consumers, leading to a greater incentive to advertise than when the cost is borne solely by

producers, as assumed by NW. Goddard and McCutcheon and Kinnucan anadyzed optima



commodity advertisng in a supply-managed industry, each considering cases when funds are
raised from a per-unit tax or a lump-sum levy. Alston, Carman, and Chdfant (ACC) derived the
conditions for optima commodity advertisng when the funds were raised by a per-unit tax or
check-off. ACC found that the origind DS condition for optima advertisng is restored when
funding is from a check-off program, as is typicdly the case. Intuitively, an dagtic supply
reponse, which vitiates the effectiveness of advertisng from a lump-sum tax, permits a larger
portion of a per-unit tax to be shifted forward to consumers. At the margin these effects offset,
causng the DS condition to be restored when advertisng funds are generated from a check-off
program.

The entire body of work that has examined extenson of the DS conditions to advertisng
by commodity boards in agriculturd markets has assumed a pefectly competitive market
dructure except for possble distortions caused by government intervention, eg., Goddard and
McCutcheon and Kinnucan.?  This assumption, however, has incressingly been cdled into
question in agricultura markets. The food indudries in most countries have been characterized
by rapid consolidation in both the processng and retailing sectors.  Concerns about possble
market power abuses have led to a number of empiricd sudies to test for the exercise of
oligopoly and/or oligopsony power and to the commissoning of governmenta investigations
into possible market power auses in agriculture (eg., U.S. Department of Agriculture (19963,

1996h)).

2 Suzuki et al. and Cranfield and Goddard, respectively, have incorporated imperfect competition into studies of
generic milk advertising in Japan and beef advertising in Canada. However, these studies’ goals were to evaluate
the effectiveness of existing advertising programs; they do not address the question of the optimal rate of
advertising.



Although empiricd evidence to date on the extent of actud market power in the food
industries is mixed® severd studies have shown that even modest departures from competition
can have important behaviora and didributiond impacts. Examples include work by Algon,
Sexton, and Zhang and Hamilton and Sunding on the magnitude and didribution of benefits from
research and Lanclos and Herte, McCorrison and Sheldon, and Paarlberg and Lee on the
impacts of trade barriers.

In light of these results, we consder the impact of imperfect competition in the marketing
of an agricultura product on the optimd advertisng intengty for the product and aso address
the effect of imperfect competition on the incidence of benefits and cods from advertisng
expenditures.  We extend a flexible oligopoly-oligopsony modd of an agriculturd industry due
to Huang and Sexton and Algon, Sexton, and Zhang to dlow for commodity advertisng
conducted by an industry board. Apart from enacting levies to support its program, the board has
no influence over the behavior of producers or marketers and takes their behavior as given when
enacting its policies”

Contributions to the literature are twofold. First, we derive the conditions for the optimal
intengty of advertisng from funds generated by ether a per-unit or a lump-sum tax for markets
that may be imperfectly competitive. Because perfect competition is a specid case in our modd,
the results generdize the conditions for optima advertisng intendty to accommodate any setting

of oligopoly and/or oligopsony competition. The conditions characterizing the optimum differ

3 See Sexton and Lavoie for a general review and Azzam and Anderson for a review of studies of competition
specific to the meat packing industries.

* This basic structure conforms with the manner in which commodity advertising is conducted in most countries.
Examples include programs conducted under the auspices of U.S. marketing orders, Australian marketing boards,
Canadian provincial boards and Canada's Bill G54 (Cranfield and Goddard), and dairy advertising in France
through Maison du L ait.



from the DS and NW formulations in ways that reflect the importance of departures from
competition in the market.

Second, we investigate the impacts of departures from competition on the magnitude of
commodity promotion and the digribution of its benefits for plausble industry scenarios.  To
accomplish this god, we firs formulate a linear verson of the imperfect competition modd and
use a smulation framework to investigate optima advertisng by a commodity board under a
variety of market scenarios. Then we apply the model to commodity advertisng in the U.S. beef
and dary indudries. This andyss indicates that oligopoly or oligopsony power in the marketing
sector may enable the sector to capture a large share of the benefits from commodity advertising.
However, imperfectly competitive marketers dso bear some of the incidence of an assessment,
whereas perfectly competitive marketers do not (under the assumption of a congtant returns
technology).

Processor/retailler  market power reduces a commodity board's optima advertisng
expenditure relative to the perfectly competitive optimum. A somewhat surprisng result is tha
oligopsony power has a more adverse impact on producers incentives to undertake advertisng
than does comparable oligopoly power. Depending on the market configuration, imperfect
competition may reduce the optima rate of advertiang from the competitive level by nealy hdf

and dissipate the farmer benefits from the expenditures by an even grester percentage.

TheModel
We congder a modd where an integrated processng/retailing sector, which may be imperfectly
competitive, procures a primary agricultura product from farmers, peforms processng

functions, and then sdls the product to consumers at retal. For damplicity, we usudly refer to



this sector as “processors,” but it should be understood that the andysis applies to oligopoly
and/or oligopsony power a any stage in the market beyond the farm gate.

The agriculturd industry operates under the auspices of a marketing board, which has
authority to conduct a generic advertisng campaign and collect funds from farm producers for
that purpose. The analyss focuses mainly on funds generated via a tax or check off, t, per-unit,
but we dso develop the condition to characterize optimal advertisng from funds generated via a
lump-sum tax. Some marketing boards are also authorized to levy assessments on processors or
handlers.  Given this sudy’s assumption of a constant returns processing technology, the results
of the analyss are unaffected as to whether the tax is levied on producers, processors, or in some
combination on both.

The board has no direct control of farmers and processors production and pricing
decisons, but it can rationdly anticipate their behavior. Accordingly, the andyss unfolds in two
sequentid stages. Stage 2 is the production and pricing stage, where tota production and sdes,
farm price, and retail price are determined, given farm supply, retall demand, processor codts,
and extent, if any, of oligopoly and oligopsony power exercised by processors. Advertisng
funded by a producer check-off program will affect fam supply and, if successful, dso retall
demand. In dage 1, the marketing board determines its check-off rate and advertisng

expenditure to maximize producer welfare, given the behavior that will ensue in sage 2.

Sage 2 Solution

The retail demand function for the finished product is represented by

(1)  Q =D(P,A|X)=D(P tQ'|X),

where Q' is the market quantity of processed product, P is the market price, A = tQ' is the

advertising expenditure funded by a per-unit tax, t, on producers, Q is the market volume of raw



product, and X denotes unspecified demand shifters.  The tax rate is determined in stage 1 and,
thus, isfixed in dage 2. Theinverseretall demand function is
(1) PQ.Q1tIX)=D'Q", Q' t]X).

Farmers are assumed to be price takers in ther output market. Farm supply of the raw
commodity with the per-unit tax is expressed as
@ Q=SWi|Y)=SWp-t]Y),
where W is the net price farmers receive after the per-unit tax, W, is the price processors pay for
the raw product, and Y denotes supply shift varidbles. Theinverse farm supply functionis
) Wi@QM=Wy-t=S"Q'|V).

We assume condant returns to scade in the food processing technology and fixed
proportions in converting the farm product, QF, into the finished product, Q".> Without further
loss of generdity, we can measure units o that the Leontief coefficient which converts fam
product into finished product is 1.0, and, thus, Q = Qf = Q. There are n processing firms, which
for dmplicity we assume ae symmetric. Denote a representative processng firm's volume of
raw product purchases by ¢ = g" = q. Given the assumptions on technology, the representative
processor’ s variable cost function can be written as
B  C=c(V)g+ W,
where c(V) represents the constant processing costs per unit of raw product processed, and V is
the vector of prices for varidble processng inputs. The processor’s profit function can then be

expressed as

4 p=PQ Ha-[Wp(Q, 1) +c]q,

® Although these simplifications ignore potentially important considerations, such as possible substitution between
the farm product and processing inputs, they allow us to focus most clearly on the research questions posed by this
study.



where Q = ng. The notation for the exogenous variables X, Y, and V is henceforth suppressed.

The firgt order condition to maximize (4) with respect to output choice, g, can be expressed as

B _ oo PR IQ W (Q Q' _

da PRV dQ g Q fq
This equation can be rewritten as
® PRI D= (@ +0™ D e,
or in dadicity foom as.

€
5 ; +t+
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where H(Q,t) =- 56 Is the absolute vaue of the totd price dadticity of retall demand and is

a function of Q and t, and &(Q) :ddWQ% is the price dadticity of farm supply and is a function

f

of Q. The parameters q—‘ET&q and Xx=— TQ q—rare the so-cdled conjecturd dadticities. 2 ,

q q Ta" Q
[0,1] depicts the degree of competition among processors in procuring the farm product, with 2 =
O denoting perfect competition, 2 = 1 denoting pure monopsony (eg., ether a single buyer or
colluson among multiple buyers), and intermediate vaues of 2 denoting various magnitudes of
oligopsony power. In generd, larger vaues of 2 denote greater departures from competition in
the procurement of the farm product. > , [0,1] measures departures from competition in the sade
of the finished product, with > = O denoting perfect competition, > = 1 denoting monopoly or
perfect colluson, and intermediate vaues of > representing various degrees of oligopoly power.
From (5), the effect of imperfect competition on market behavior is determined jointly by the

market power index and the dadticity of supply or demand in the rdevant market. For example,



the impact of a given levd, >, of oligopoly power is grester the more indagtic the market
demand.

Equation (5') involves the totd price dadticity of demand because a change in market
guantity due to a change in price will induce a change in advertisng expenditures, given a
constant check-off rate t. Based on the market demand function (1), this change in advertisng
will induce a further change in demand. Imperfectly competitive firms who perceive tha ther
actions affect the market must take account of both the direct and indirect effect of price on
guantity (or, equivaently, quantity on price). Totdly differentigting the demand function (1)

with respect to Pyields

dQ _ 1D +1TD A dQ _ 1D +,[Ed_Q
P P JATQdP P YA dP
Note that A = tQ and, therefore, that TA/fQ =t. Thuswe have

dQ__ ip

dP 1- t‘ﬂ%A ’

or in dadticity form
6 H=—=—=—r

where hp =- ?T—Eg Is the partid price eadticity of demand expressed in absolute vaue, and

ha :%g is the dadticity of demand with respect to advertisng expenditure. Equation (6)

reveds tha the tota eadticity is greater in absolute vaue than the partid dadicity due to the
effect of quantity on advertisng. For example, an increase in price reduces sdes both due to
movement dong the ceteris paribus demand curve and to a leftward shift in the demand curve

caused by lower advertisng expenditures from the check-off program.
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Given homogeneity among processors, equation (5') represents an industry equilibrium
condition. It can be solved in conjunction with the consumer demand and farm supply functions
in (') and (2), respectively, to obtain equilibrium vaues for @ = Q@ = Q, W = WP —t, and P.
Equilibrium vaues are denoted by an agterisk and are functions of g, X, t, ¢, the parameters
defining the supply and demand equations, and the exogenous variables X, Y, and V.

Any impacts on market prices and quantities from an exogenous shock can be examined
by totdly differentiating (1), (2), and (5') with respect to that factor. Thus, the following system

of equations describes the effect of asmal changein the per-unit tax ratet:

dQ’ ﬂDdP ﬂDdA ﬂDdP ﬂDeQ dQ*l:J
€

()

d TP d YA dt TP dt YA S Tt g
@ 9IS dw
dt W, dt

© (XodP xP H g qodW, oW de
& Hpdt H dt & egd € dt

The system of equations can be rewritten in matrix form asfollows:

A néd u
g b e QU D 0
& TA TP e dt u é Qﬂ_A v
é S gedP u_¢© u
(10 2z 1 0 -— a—pg=é 0 a,
e aw, YWada Y 2 z
é ue u € xP' qW* u
é X q,cedw, o é1- E, -—E.,U
g 0 1'ﬁ - (1+ )He & U € tH ™ te *0
dH t

where E,, = Sheram measures the percentage change in / due to a one percent increase in the

per-unit tax, and E ; :ﬁl is the percentage change in , due to a one percent increase int. Thus

dt e
the effect of a smdl change in t on market prices and quantity can be determined from equation

(10) asfallows:
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Stage 1 Solution:

In stage 1, the marketing board sdects the per-unit tax rate t and corresponding advertisng
expenditure to maximize producers surplus (PS):

W Q)
max PS= &'

{t}

(11) S(W, )dw,,

where W;(0) isthe supply curve intercept. The first-order condition to maximize equation (11) is

12 2= i) f() =S ) %-o
From equation (12) we obtain

Q _
(13) o 0,

as the condition characterizing the optima tax rate. Equation (13) indicates that the optima per-
unit tax rate is reached when the supply-reducing effect of a higher tax rate is just baanced by
the demand-expanding effect of the advertisng expenditures funded by the tax, so that a change
in the tax rate has no effect on equilibrium quantity. This same condition was derived by ACC

intheir sudy of check-off-funded advertising under perfect competition.



Subdituting this optimdity condition into the comparative statics matrix (10') in place of
dQ/dt, we obtain

1D
P
Rearranging (14) and writing it in adticity form yidds

(14) §1 —HQ B-a-Xeg )P

A" _h, (1-x/H)
(15 ——==-2%
PQ h, (1__P Ht)

: A _tQ _t , .
Findly, usng the fact thaa — =— =—, equation (15) can be rewritten as
PQ PQ P

’ & 0
(15) Mg X0 Xp N XF DO
PQ  h,& Hg H h, HE " h,y

All dadticities are evauated a the imperfectly competitive equilibrium.

Equation (15) indicates that the optima ratio of check-off-funded advertisng
expenditures to total sdes revenue is equd to the ratio of the partiad dadicities of demand with
respect to advertisng and to price, i.e, the condition from Dorfman and Steiner and ACC, and an

additiond term. This term condsts of the oligopoly digtortion term, >//, times the difference

between E,, and Oa/Op. E,, measures how the tota price eadticity of demand changes in

responseto asmal increaseintt.
Using (6), we can express d//dt asfollows:.

_ (dh, /dt)(1- h,) +hy(dh, /dt)

(19 dt (1- h,)?

In generd, (16) cannot be sgned. However, under plausble conditions d//dt > O, so that
increasing t and, correspondingly, A makes demand more éadtic in tota, thereby reducing the
oligopoly digortion and providing an additiona benefit to famers from check-off funded

advertisng. Two effects are a work in determining Dp/dt. Firdt, the supply shift induced by )t
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> 0 causes a movement upward aong the exising demand curve.  For mogt functiona forms,
demand is more dadtic a higher pricess. Second, successful advertisng shifts demand. For
example, if advetiang induces a padld <hift in demand, as is often assumed in empiricd
dudies, this effect dso makes demand more dadtic. The benefit to reducing the oligopoly
digtortion is proportiond to the magnitude of the distortion as (15') indicates. However, an oft-
cited rationae for advertisng is to make demand for the advertised product less dadtic, in which
case producer-sponsored advertisng has the perverse effect of increasing the oligopoly distortion
ceteris paribus and cresting a disncentive for producer advertisng.

If d//dt = O, then the condition for optima advertising intensity collgpsesto

el

i.e., the Oa/Op ratio characterizing optima advertisng intendity in the DS and ACC formulations
is reduced by a factor determined by the oligopoly distortion. An oligopoly processng sector
will dways capture some of the bendfits from an advertisng-induced demand shift, whereass a
competitive processng sector cgptures none, given a congant returns processng technology.
However, the oligopoly processors dso bear some of the incidence of the tax, whereas
compstitive processors bear none of it.  Although it is possible that the optimd tax rate is higher
in the presence of oligopoly power in the marketing sector, (15') shows that the advertising
intengty for a fam commodity board is aways less unless the advertisng represents a way to
reduce the oligopoly distortion.

Importantly, oligopsony power per se has no effect on the gotimal A/S ratio. Because the
supply dadticity itsdf has no effect on the optimd A/S ratio, as reveded by ACC's extenson of
the DS condition to check-off funded advertisng, neither does the exploitation of the supply

curve by an oligopsonist.  However, this result Smply means that optimal check-off funded
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advertisng in a market with only oligopsony power is characterized by the same DS condition as
goplies in a pefectly compstitive indudry. It does not mean that the actud optima advertisng
intengties are the same.  In particular, oligopsony power causes lower saes and higher prices
relative to competition, meaning that Op is evauated a a point on the demand curve to the left of
the competitive equilibrium. Mogt demand functions are relaively more dadic a an imperfect
competition equilibrium, causng the optima advertigang intendty to be less, ceteris paribus,

than under perfect competition.

Comparison to Optimal Advertising Financed by a Lump-Sum Tax

Our grestest interest is in advertisng generated from a check-off program because of its
goplication in the red world. However, it is dso indructive to andyze the optimdity conditions
under imperfect competition for commodity advertising that is generated from a lump-sum tax,
i.e, the case andyzed by NW for pefect competition. The optimdity condition is st forth

below, with its derivation relegated to the appendix:

- A __hy 1-(xthy) xE,,,
PQ h,+elf’ 1+(q/e) (- (x/h ))Pe+ (1+(q/€)Wh,
Where f = W/P" is the fam revenue share in equilibrium, E, , = Zrk: , and dl other terms
P

are as defined previoudy.
When the market is compsititive (i.e, q = x = 0) and the constant margina processing cost

is zero (e, f = 1 and PP = W), the expresson in (17) reduces to the NW condition.®

® Nerlove and Waugh's formulation does not incorporate a marketing sector, so marketing costs are implicitly zero.
Incorporating a constant cost competitive marketing sector into NW’s model and assuming fixed proportions
between the farm product and retail product, results in the following relationship between elasticity of supply at
retail, ,, and elasticity of farm supply, ,: ,. = ,/f. Thus, the NW formulation generalizes immediately to
accommodate this type of marketing sector simply by interpreting their supply elasticity as the retail supply
elasticity.
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Comparing (15') and (17), we see that both the oligopoly and oligopsony power distortions ¢/Op
and 2/,, respectively) reduce the optima advertisng-to-sdes ratio when advertisng funds are
generated by a lump-sum tax. Under a lump-sum tax on producers, processors with oligopoly
and/or oligopsony power cagpture some of the advertisng benefits without bearing any of the
costs.

The second term in (17) reflects that advertisng might affect the eadicity of demand
and, therefore, influence the oligopoly distortion. As in the case of a per-unit tax, if advertisng
makes demand more dadtic, the opportunity to reduce the oligopoly distortion represents an
additiona incentive for producers to underteke advertisng. The opposte is true if advertisng

acts to make demand less dadtic.’

Linear Model Formulation
We turn now to a linear formulation of the modd developed in the preceding section. The linear
mode is used to conduct smulation anadyses of the impact of processor market power on the
magnitude of optima advertisng and the didribution of advertisng benefits and to andyze the
possble impact of market power on optima commodity advertising in the U.S. beef and dairy
indudtries.

Thetotal market demand is:
(18) Q=a-aP,
And the inverse farm product supply is

(19) Wi=b+bQ.

" Note that for the lump -sum tax, use of the partial demand elasticity is correct because thereis no direct feedback
between output and the advertising expenditure.
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To fadlitate the subsequent smulation andyss, we solve firg for the competitive market
equilibrium (superscript ¢) in the absence of any advertisng (subscript 0). Through choice of
units of measurement, the competitive equilibrium price and output ae normdized to
be(P,Q:) =(11) . All subseguent solutions can then be evaluated redive to the competitive
equilibrium without advertisng.

ab+b+c . _a-a(b+c
:—::L QOZ—( ):

20 P
20 K ba+1 ba+1

1 and WS =1-c,

where c is the per-unit processng cost. The rdations among the parameters are thus. a=1 + a,
b=1-c—-b = f —Db, where f =1 — ¢ denotes the fam share of total industry revenue under
perfect competition. In addition, the demand and supply dope parameters, ** and $, can be
expressed in terms of the retal price eadticity of demand and farm price dadticity of supply,

both evauated at the competitive equilibrium:®

e e oeronel

Employing these normdizations and following the same gpproach as st forth in the generd
model, the equilibrium in the absence of advertisng (subscript 0) in the oligopoly-oligopsony
modd is denoted by an asterisk and is characterized as follows:

@ Q="elTE) g8 =b+bq;,
W he

8 In the linear model, the values of both Op and , depend in general upon the point of evaluation. However, their
values at any one point, say the competitive equilibrium, will condition their values at all other points. Thus, we
express both Op and , interms of their values at the competitive equilibrium.
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where W= (1 + x) + (1 + gab = (1 + x) + (1 + g)f°hi/e°. S measures the cumulative digtortion

due to oligopoly and oligopsony power in the linear modd. If 2 = > = 0, the equilibria in (20)
and (21) are identicdl.

Now congder the introduction of commodity advertisng funded by a per-unit tax, t, on
producers. Advertising is assumed to induce aparald shift in retail demand as follows?®
(18) Q=a+2zA)-aP,
where A = tQ. To fadlitate obtaining an interior optimum for A in the smulation modding, we
need to edablish a specific functiona rdationship for z(A) that insures a podtive and concave

demand response to advertising, i.e., 2i(A) > 0, 2N(A) < 0. The square root formulation,

2(A) = VA =giQ,
was chosen both because of its amplicity and its ability to fit the data well in severd empiricd
sudies of demand response to advertising (eg., Alston et al. (1997, 1998) and Gasmi, Laffont,
and Vuong). The parameter ( represents the effectiveness of advertisng in shifting demand,
given the square root formulation.

It is sraightforward to apply the framework of the generd modd to the linear verson st
forth in this section and solve for the stage 2 equilibrium.’®  Consider the equilibrium condition

in (5). Differentiate the demand function in (18') and supply function in (19) to obtain:

E:iégﬁ-lg ad %:
dQ ag/Q § dQ

Subdtitute these expressionsinto (5), convert to eagticities, and solve for Q to obtain:

® This assumption is consistent with most empirical research on advertising impacts and also simplifies the
simulation modeling. However, it does entail a cost in generality because an advertising-induced parallel demand
shift in the linear model insures that demand is more elastic at the new equilibrium.

10 There is no need to solve separately for the competitive equilibrium with commodity advertising because the
imperfect competition model nests the competitive outcome as a special case, namely when both2 and > are zero.
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, 2
2 o= 2+ gVt +4/(2+X)? Gt +16W(L+f°hS /€° - het) y
g aw H

Solutions for P° and W; follow immediady. Recal that the optima per-unit tax rae, t, is
characterized by the condition dQ'/dt = 0. Thus, differentiating (22) with respect to t and seiting

the expression to zero, we obtain

o @rihg /)2’
ha[16Wh; - (2+X)°df]

The optimal advertising expenditure, A" =t Q" is obtained by combining (22) and (23).

(23)

The optimd tax rate in the linear mode is characterized by six parameters: the fam share
(%), the price dadticity of supply of the farm product (,°), the price dadticity of demand a retail
(hg) @l evaluaed & the competitive equilibrium without advertising), the degree of oligopoly
power (>), the degree of oligopsony power (2), and the effectiveness of advertising (g). Key
comparative static results for the linear model are as follows:
)id 1A )id s s 1A° )id

(24) —>0, ——>=<0, —<0, —>=<0, —<0, —<0, and —>0.
X x Thy Te fla T 19

Increases in oligopsony power cause a decrease in the optima tax rate and the industry output.
Snce A" = tQ’, both efects contribute to reducing the optimd amount of advertising
expenditures. An increase in the degree of oligopoly power, however, causes producers optimal
tax rate to increase because in the linear model both the tax rate and the advertisng expenditure
it generates work to make demand more dastic. However, because the output base to which the
tax rate is applied decreases as afunction of >, the net effect of > on A” is ambiguous.

Among the other market parameters, it /ThS < O, reflecting that it is unambiguoudy

better to shift via advertisng a demand curve that is indadic rather than dadtic, and this basc

result is unaffected by the degree of competition in the market. However, the sign of Mt /M, S is
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ambiguous. Under perfect competition, Mt /M, < O because an eastic supply response converts
an advertisng-induced demand shift primarily into an output increese rather than a price
increase. However, as noted, oligopsony power reduces the optimal tax rate, and the effect of
oligopsony power is exacerbated by an indadtic producer supply, thus offsgting the
aforementioned tendency for indastic supply to induce a higher tax rate.  Findly, t and A are
both increasing as a function of the advertising effectiveness parameter, (.

Producers benefit from advertisng is measured by the change in their producer surplus

in the equilibrium with advertisng reive to the equilibrium without advertisng:

(25) DPs:;—CC[(Qi)Z- Q)71
e

Similarly, processors benefit may be measured by the change in their profits across the two

scenarios. Dp=p; - p,.

Smulation Model

Smulations can enhance our underdanding of the impact of imperfect competition on the leve
of commodity advertisng and the didribution of benefits and cods from advertisng for
dternative sats of plausble vdues for the market paameters.  After normdization, the linear
modd is characterized by sx parameters (f, ,, Op, 2, >, and (). The key parameters for purposes
of the smulation are those characterizing the extent of oligopoly and oligopsony power in the
market, > and 2, respectivdly.  Thus we wish to examine optimal commodity advertisng for
dternative vaues of > and 2, given a st of plausble base vaues for the other parameters. In all

caes, the farm share under perfect competition was fixed a one hdf: f = 0.5.' For the base

1 Thisvalueisroughly in linewith farm share for meats, eggs, and dairy products.
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smulation, we dso set h; =€°=1.0, i.e, the price dadlicities of demand and supply are unitary
a the competitive equilibrium.*?

The advertiang effectiveness parameter, (, was fixed based upon its relation to ha, the
advertiang dadicity of demand.  Given the retall demand function in (18') and the sguare-root
formulation for demand response to adverttisng, Oa, evauaed a the competitive market
optimum for A and equilibrium for Q, can be expressed asfollows:

@7 h _OVAT_ oyt _g [
) 2\ Q)

Q7 2Q

Q; and f can be expressed using (22) and (23), respectively, and the entire expression in (27)
can be solved to yidd g=gh,,h,,ef),i.e, ( can be expressad in terms of the other market
parameters and Oa, the advertisng dadticity of retall demand. Edimates of Op are avalable for
various commodities from previous empiricdl studies'® Based on a review of these studies, we

chose Oa = 0.05 as a representative vaue for the base smulation.

Smulation results
Figure 1 illustrates the impact of imperfect competition on the optima level of taxation, t, for

the base smulation. The optimal tax is $0.052 under perfect competition (5.2% given P = 1).

12 We also experimented with other choices of parameterizations for h; and ,°. From the comparative statics

expressions in (24), we know that increasing h; ceteris paribus reduces the optimal investment in advertising. For

example, given 2 = > = 0.5, an increase in the demand elasticity (evaluated at the competitive equilibrium) from 0.6
to 2.0 causes the optimal advertising expenditure to fall by 80%. Although, in general, the effect of ,¢ont” and A"
is ambiguous, in this simulation increasing ,€ on the interval [1, 3.0] caused the optimal expenditure on advertising
to increase, ceteris paribus, when 2 = > = 0.5. Even though the increase in the producer price generated by agiven
demand shift is decreasing in ,, amore elastic supply reduces the extent of oligopsony exploitation for agiven level
of 2, and thislatter effect is dominant when oligopsony power isimportant, asistruewhen2 =0.5.

13 See Forker and Ward and Ferrero et al. for summaries of thiswork.
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Consstent with the comparative statics results, t decreases as a function of the oligopsony
power exercised in the market, fdling ultimatdly to $0.038 for the case of pure monopsony. The
tax is increasing in the level of oligopoly power, risng from $0.052 to $0.071 as > increases from
0 to 1. Joint oligopoly-oligopsony power, thus, induces offsetting effects on t. Oligopoly, in
generd, is more important than oligopsony because the latter affects only the farm product
segment of the input market (f° = 0.5), and, thus, { is increasing as a function of the degree of
joint oligopoly/oligopsony power.

Although oligopoly and joint oligopoly/oligopsony generate a higher level of per-unit
taxation than does perfect competition, the amount of advertisng funds expended, A = £ Q’, is
decreasing as a function of the magnitude of market power for dl equilibria in the smulation, as
Figure 2 illustrates. The decrease in Q due to market power dominates the increase, if any, in f.
Figure 3 lends further perspective by depicting the optima A/S ratio as a function of processor
market power. The optima A/S raio declines as a function of the degree of oligopsony power
and joint oligopoly/oligopsony power. However, oligopoly power has little effect on the A/S =
t/P ratio. Both t and P are higher due to oligopoly power, and their effects roughly offset.
Refering agan to the generd condition in (15) governing the optima A/S rdio, Eq: is
necessarily postive in the linear model with a pardld demand shift and dso greater than the
ratio Oa/Op. Thus, advertisng makes demand more eadtic, reducing the oligopoly distortion and
providing an additiond incentive for producers to advertise in oligopolistic markets.

The impact of market power on the magnitude and didribution of benefits is more
pronounced then its effect on advertisng expenditures We examine benefits accruing to
producers and to processor/retailers only.  Although consumers clearly bear a portion of the

burden of an advertiang tax in the form of higher prices it is much less clear whether and how



2

they benefit from advertisng.’® Tota benefits accruing jointly b producers and processors from
the optimal expenditure on advertisng (the sum of the change in producer surplus and processor
profits) for dternative market power configurations are depicted in Figure 4. The percentage of
the tota benefits going to producersis provided in Figure 5.

Although processor oligopsony power reduces the optima advertisng expenditure
relative to perfect competition, the total benefits generated from the amount that is spent increase
over a range of vaues for 2. Although producers benefits are grictly decreasing as a function
of 2, processors benefits are increasing in 2. Oligopsony power enables processors to convert a
given advertisng-induced demand shift into a reaivey grester impact on price than would
occur under perfect competition, thereby causing tota benefits to rise over a range of vaues for
2. For the highest leves of oligopsony power (2 $ 0.81), the reduction in advertisng
expenditure caused by market power dominates the enhanced ability to extract profits from the
amount that is spent, and total benefits to producers and processors decline.

The output redtriction that is beneficid to processors is harmful to producers. Producers
benefits from advertisng decline monotonicdly as a function of 2. For example, for 2 = 0.2,
producer benefits are 18% less than a the competitive optimum and 38% less for 2 = 0.5. From
Figure 5, processors capture 50% of the totd benefits when 2 = 0.5 and over haf of the benefits
fordl 2 > 0.5.

Under oligopoly power, tota benefits to producers and processors from advertisng are

dways less in the base sSmulaion than under pefect competition.’® This result may seem

14 For example, is it appropriate to attribute benefits to consumers from an advertising-induced shift in consumer
demand? These issues are well beyond the scope of this paper. See Alston, Chalfant, and Piggot for arecent
discussion of thisissue.

'> This result does not hold in general because plausible base values for hp, and e_ can be found wherein total
benefits are increasing over arange of valuesfor >.



23

paradoxica because advertisng expenditures for a given vaue of > are dways gredater than for a
comparable vdue of 2. The reason is the effect of advertisng on the dadicity of demand.
Given the liner modd formulation, both the supply shift induced by t > 0 and the paraléd
demand shift induced by A" > 0 cause demand to be more dastic a the equilibrium, ceteris
paribus. As a reault, processors ability to exploit a given levd of oligopoly power is
diminished. This effect gpplies not just to the incrementa demand created by the advertisng but
to the demand in tota. Both farmers and consumers benefit from this reduction in the oligopoly
digortion. As Figure 5 shows, processors percentage of the advertisng benefits under oligopoly
(i.e, 100% minus producers percentage) is dways less than ther share under comparable
oligopsony and is only 37% (100% minus farmers 63% share) a its maximum when > = 1 (i.e,
pure monopaly).

When both oligopoly and oligopsony power are present in a market, the effect on
producers benefits from commodity advertisng can be extreme. For example, even modest
market power as manifest by > = 2 = 0.2 reduces producers advertisng benefits by 30% relative
to competition. More extreme market power as represented by > = 2 = 0.5 reduces producers
benefits by 54%.

As a find comparison, we show how imperfect competition digtorts the impact from a
given advertisng expenditure.  Specificaly, we took the optimd level of advertisng expenditure
from each of the imperfectly competitive scenarios under condderation and asked how the
magnitude and digtribution of impacts would have differed had that same amount been generated
and expended under conditions of perfect competition. There are two mgor impacts. Fird,
because imperfect competition reduces totd production and sdes a given advertising

expenditure is generated with a lower tax rae when the market is competitive.  Second,
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imperfectly competitive processors incur a share of the tax burden and recelve a share of the
advertisng bendfits.

Figure 6a reports the percentage reduction in producer benefits from expending the
amounts of advertisng money shown in Figure 2 under conditions of imperfect competition
rather than perfect competition. Producer benefits from an advertiang expenditure are aways
lower if the maketing sector is imperfectly compeitive. The reduction in producer benefits
ranges from 9% when (>, 2) = (0.1, 0) to 70% for the extreme case when (>, 2) = (1, 1).
However, the benefit accruing jointly to producers and marketers from a given advertisng
expenditure can be higher under imperfect competition, as Figure 6b illustrates. For the market
parameters sudied in our smulation, a given expenditure dways results in greater total benefits
under oligopsony power than perfect competition because oligopsony power converts the
demand shift proportionately more into a price effect than an output effect. However, oligopoly
power dways reduces the joint producer-marketer benefits relative to competition in the base
samulation. Although oligopoly power adso enables a demand shift to be converted into a higher
consumer price than is attainable under perfect competition, this effect is more than offset by the
reduction in the oligopoly digortion caused by the increese in the dadticity of demand. Joint
oligopoly/oligopsony power thus provides an intermediate case, with greater tota benefits than

perfect competition for modest levels of market power and less totd benefits for more extreme

levels of oligopoly/oligopsony.

Application to U.S Beef and Dairy Advertising
Here we present illudraive applicaions to U.S. indudries that feature generic advertiang

prograns. Beef and Dary were chosen because of ther importance in the redm of commodity
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advertisng and because edimates of the necessxy parameters are avalable from previous
sudies. For beef, we utilized the following parameters 2 = 0.178, > = 0.223, Op = 0.527, , =
1.689, f° = 057, and 0a = 0.012.° Based on the linear smulation model and the indicated
parameters, the optima A/S ratio in the impefectly competitive market <ructure is 0.017
compared to 0.023 if the market were competitive. Optima advertising is reduced 16.5% by
imperfect compstition in the processng sector. Producers benefits from advertisng are reduced
by 31% from their magnitude under a hypothetical regime of perfect competition, and packers
capture 55% of the benefits generated from the optimal advertisng expenditure.

The dairy gpplicaion relied on the following parameters 2 = 0.0, > = 0.18 (Liu, Sun, and
Kaiser), Op = 0.16 (Suzuki and Kaiser), , = 0.14, f* = 0.45, and Oa = 0.035 (Kaiser et a.).1” For
these parameters, the optima A/S ratio under a hypotheticad competitive regime is 0.017. Under
imperfect competition, it is 0.011. However, totd advertisng expenditure is only about 5%
lower due to imperfect competition, and producer benefits are reduced by only 15%. Suppose,
however, that > = 2 = 0.18 and dl other parameters are as before (see footnote 17). Then the
optima A/S ratio is only 0.009, roughly hdf its vaue under competition, optima advertisng
expenditures are 15% lower than under competition, and producers benefits from advertisng are

reduced by 28%.

18 The market power parameters for the beef industry, 2 and >, are from Azzam and Pagoulatos, the demand and
supply elasticities are from Azzam and Schroeter, and the advertising elasticity of demand is derived from Ward and
Lambert. Thereis controversy regarding both the extent and importance of market power in the U.S. beef sector and
the effectiveness of generic beef advertising, so the estimates utilized here should be considered as illustrative and
not definitive. See Sexton and Lavoie regarding the market power controversy and Coulibaly and Brorsen on
disagreements over the effectiveness of beef promotions.

Y The oligopsony power parameter was set at zero to reflect that considerable dairy processing capacity is in the
hands of producer-owned cooperatives. Oligopsony power could, however, be aconcern if it existed at other stages
of the marketing chain, e.g., retailing.
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Conclusons

Much has been written about the ragpid increases in concentration worldwide in food marketing.
The consequences of this consolidation for the exercise of market power continue to be debated.
This paper joins the growing lig of dudies that examine the implications of departures from
competition for various aspects of indusry behavior. Prior work has emphasized the impacts
upon an industry of exogenous forces, such as researchrinduced supply shifts (Alston, Sexton,
and Zhang and Hamilton and Sundig) or various trade policy ingruments (McCorriston and
Sheldon and Paarlberg and Lee). A unique feature of this study is to examine the impact of
imperfect competition on an endogenous industry policy ingrument—the level of monies to
collect and expend on a commodity advertisng program.

Results demondrate that in the presence of impefect competition, the optima
advertigng-to-sdes (A/S) ratio for funds generated from a per-unit tax is not, in generd,
characterized by the ubiquitous DorfmanSteiner condition, shown to hold for the competitive
cae by Algon, Caman, and Chdfant.  Nether does the wel-known Nerlove-Waugh
formulation for lump-sum funding hold under conditions of imperfect competition.

An imperfectly competitive marketing sector will capture a portion of the benefits from
commodity advertisng, but it will aso bear a share of the costs under funding ty a per-unit tax
or check off. A possbly important benefit of generic advertisng in the presence of
processor/retailer oligopoly power is that advertisng may make demand more eadtic, thereby
reducing the digtortion from oligopoly power and increasing producer welfare—a benefit that is
not present under conditions of perfect competition.

Results from smulations based on a linear verson of the generd mode showed tha the

optima check-off rate from producers perspective is actudly increesng as a function of the



27

degree of oligopoly power in the market. In contrast the optimal tax rate is dways lower under
oligopsony power or joint oligopoly/oligopsony power. In dl cases evauated in the smulation
modd, producers benefits from advertisng were lower, in some cases by haf or more, in the
presence of processor market power than if the market were competitive.

Although the intent expressed in the various legidation that enables indudtries to conduct
generic advertising is that farm producers are to be the primary beneficiaries of the programs, our
andyss shows that an imperfectly competitive marketing sector may capture hadf or more of the
net benefits generated by the programs. Oligopsony power tends to have a larger, negative
impact on farmers benefits from advertisng than oligopoly power because advertisng may
reduce the oligopoly digtortion through its effect on the demand dadicity. One implication of
this result is tha in makets suspected of being oligopoligic, empiricd dudies of advertisng
benefits should attempt to test not only whether advertising is shifting demand but aso whether

it has made demand more or less dadtic.
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Appendix: Optimal Commodity advertising From a Lump-Sum Tax

Here we derive the condition characterizing optima commodity taxation under imperfect
competition in the food-processng sector when the advertising funds are generated from a lump-
sum tax. Theretall demand function for the finished product is represented by

(A1) Q =D(PA X),

or ininverse form by

(AT) P=D}Q',A|X).

Theinverse farm supply functionis

(A2 WQ)=s'Q'lY).

A representative processing firm's volume of raw product purchases is denoted by d. Given our
previous assumptions on the processing technology, the processor’'s variable cost function can be
written as

(A3) C=c(V)d +Wd,

and the processor’ s profit function can then be expressed as

(A9 p=D"Q,A)d -[WQ")+cld

where d is the quantity of processed product produced. As before we let g = o = g, ad
Q' =Q =Q=ng =ng". The notation for the exogenous variables X, Y, and V is henceforth
suppressed. Maximizing profit with repect to q resultsin the following first-order condition:

(A5)  Tp/fig =P+ P (Q, A)XTQA)g — (W + ) W' (Q)(1Qfc)a = O.

Equation (A5) can be written in dadticity form as

& Xx0_ a0
(A6) P(Q,A) 81- i W(Q) §E+ e

All notation is the same as in the main body of the paper.
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From equations (A1), (A2) and (A6), we can solve for the equilibrium values of J = Q,
P, and W as functions d q, X, A, ¢, the parameters defining the supply and demand equations,
and the exogenous variables X, Y, and V. As in the man text, equilibrium vaues are indicated
by an ageisk. With a lump-sum tax, there is no feedback effect from quantity to advertigng
expenditure, and, thus, the totd price dadicity of demand is smply the partiad dadicity, Op.
However, it should be recognized that in generd Op is a function of both Q and A, and , isa

function of Q.

The effect of an exogenous change in A can be adduced by differentiating (A1), (A2),

and (A6) with respect to A:
d DdP 9D
(an R-DE B
dA fPdA YA’
(A8) d_Q:ﬂ_Sd_W,
dA W dA
& 0 & o
(A9 9- X dP+xI:>dh 1 q dW+qW de.
e hpgdA h dA € gdA e dA

The system of equations can be rewritten in matrix form:

e 1D UedQu . N
e wp uedA” & b ;
& 9S Gedpy_@ A {
Al10) & 0 - Uet U g 0 a,
< w Uedal” g a
g q.awt e X2 W g
go 1- P _(1+e)§ee_dAE g Ah, " Ae g
_dh, A de A
where E, = h_ ad E_, = “A e are, respectively, the percentage change in the price
e

eadicity of demand and price eadticity of supply due to a 1 percent increase in A. Thus the
effect of a smal change in A o1 market prices and quantity can be determined by simultaneoudy

solving the equation system (A 10):



ng ﬂ efs (- L)(E_ X_PEhP,A- MEe,A)EH
gdA & g h,” A Ah, Ae [
A * Ve é l:l
p10) gL i1 @y P W B4
adA = va e’ A Ah, " Ae w4
&aw'a  é x. D , xP qwW D U
~ & (1-2)—+(——E, ,+—E_)— ¢
Sdald §& ( hp)‘ﬂA (Ahp vt ae o) gp i
wherey =(1- X ﬂ_S_ 1+&)E_
h,.” W e’ P
Sage 1 Solution

In stage 1, the marketing board chooses A to maximize producers net surplus:

(A1) PS- A =gy Mswydw- A,

where W(0) is the supply curve intercept. The fird-order condition for maximizing equetion
(A11)is

. W (A) < W Q"
=9W (A)) *—-1= - < .
SW (A)) A Q 10 A

Producers bear the entire burden of a lump-sum tax. Thus, equation (A12) is Smply a condition

1=0

(A12) TPs- A)
7A

that the margina revenue to producers from a marginad increase in advertisng expenditure just
equa the margind cost of the expenditure. From equation (A12) we obtain
(A13) E:i*_
1A W

Imposing this optimality condition for dQ’/dA in (A10'), we obtain

€ xufD xP 1D
(A14) él- h_g_- AR hea _:L*'
e puﬂA A hP P Q
Rearranging (A14) equaion and writing it in dadicity form reults in the following expresson
for the optimd advertisng-to-sdes ratio when advertisng is funded by alump-sum tax:

A" h, 1-(x/hp) .\ XE,,,

PQ hy+elf" 1+(q/e) (1- (x/h,))Pe+(1+(a/e))Wh, "
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Figure 1. The Impact of Imperfect Competition on the Optimal Advertisng Tax Rate
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Figure 2: The Impact of Imperfect Competition on the Optimal Advertising Expenditure
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Figure 3: Optimal Advertising-to-Sales Ratio under I mperfect Competition
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Figure 4: Total Benefit to Producers and Processors from Advertising
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Figure5: Producers Sharesof the Total Advertising Benefit under I mperfect Competition
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Figure 6a: Changein Producer Benefits from Advertisng Dueto Imperfect Competition
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Figure 6b: Changein Total Benefitsfrom Advertising Due to I mperfect Competition
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