/
oo Resmurch
0.00 Publishing

Theoretical Economics Letters, 2018, 8, 1957-1972
http://www.scirp.org/journal/tel

ISSN Online: 2162-2086

ISSN Print: 2162-2078

Optimal Commodity Advertising in Bilateral

Oligopoly

Chanjin Chung

Department of Agricultural Economics, Oklahoma State University, Stillwater, USA

Email: chanjin.chung@okstate.edu

How to cite this paper: Chung, C. (2018)
Optimal Commodity Advertising in Bila-
teral Oligopoly. Theoretical Economics
Letters, 8, 1957-1972.
https://doi.org/10.4236/tel.2018.811128

Received: April 23,2018
Accepted: July 20, 2018
Published: July 23, 2018

Copyright © 2018 by author and

Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

Abstract

This study derives an optimal commodity advertising intensity rule for a ver-
tically related market under bilateral oligopoly. The new optimality condition
derived in this study extends the seminal Dorfman-Steiner Theorem [1] and
recently published optimal advertising conditions by two major aspects. First,
we strengthen the previous work by considering potential market power exer-
tion in all buying (input) and selling (output) markets, ie., all four adjacent
upstream and downstream markets of processors and retailers. Second, we use
a primal production function approach to avoid the symmetry assumption
that many earlier studies imposed on conjectural elasticities of input and/or
output markets. Our new condition suggests that, without considering the
potential market power exertions, the optimal advertising intensity and ex-
penditures are overestimated. Our derivation also indicates that previous op-
timal advertising conditions derived under the assumption of fixed propor-
tion technology could underestimate the optimal intensity and expenditures,
particularly when advertising elasticity is elastic.
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1. Introduction

Generic commodity advertising has pursued to increase producers’ profits for
various agricultural commodities. The money to fund these commodity adver-
tising programs is collectively raised through producers’ checkoff programs,
which require producers to pay a specified amount of money on per unit or val-
ue assessment. One important issue in running these advertising programs is to
determine the condition of optimal advertising intensity. Beginning with Dorf-

man and Steiner [1]’s seminal work, numerous studies have examined the opti-
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mality of advertising expenditures in both economics and agricultural econom-
ics literature [1]-[6]. Among these studies, only a few studies, e.g., [4] [5] [6],
consider imperfect competition in food processing and retailing sectors. How-
ever, several studies have found the existence of imperfect competition in these
sectors as they have become increasingly concentrated in recent years [7] [8] [9]
[10].

Therefore, it should be important to consider firms’ imperfect competition
behavior in determining their optimal advertising expenditures because firm’s
profit maximizing price and quantities might differ under the changing market
structure.

The objective of this study is to derive an optimal commodity advertising in-
tensity rule for a vertically related market under bilateral oligopoly. The new op-
timality condition extends the seminal Dorfman-Steiner Theorem and recently
published optimal advertising conditions by two major aspects. First, we streng-
then the previous work by considering potential market power exertion in all
buying (input) and selling (output) markets, Ze., all four adjacent upstream and
downstream markets of processors and retailers. Second, we use a primal pro-
duction function approach to avoid the symmetry assumption that many earlier
studies imposed on conjectural elasticities of input and/or output markets. Spe-
cifically, the new framework allows potentially different conjectural elasticities in
all four adjacent upstream and downstream markets without imposing the as-
sumption of fixed proportion technology. Therefore, unlike previous studies, our
derivation is flexible enough to allow the four-way bilateral market power exer-
tion from retailers and processors that can be different in each of the four mar-
kets. Our new condition suggests that, without considering the potential market
power exertions, the optimal advertising intensity and expenditures are overes-
timated, while imposing the fixed proportion technology could underestimate
the optimal intensity and expenditures, particularly when advertising elasticity is
elastic.

The next section reviews related literature focusing on the derivation of the
optimal advertising framework. Section 3 provides a step by step derivation of
new optimal advertising intensity rule considering bilateral oligopoly of up-
stream and downstream markets. Section 4 summarizes our results and discuss
some insights and policy implications that can be drawn from our main find-
ings. Appendix 1 and Appendix 2 present an extended derivation of the optim-

al advertising intensity and comparative static results.

2. Literature Review

The Dorfman and Steiner Theorem [1] characterizes the optimal advertising
condition as the equality of the ratio of advertising expenditures (A4) to sales
(PQ, here Pand Qrepresent sales price and quantity, respectively) with the ratio
of the advertising elasticity (77,) to the absolute value of price elasticity of

4

A
demand (|77p —|=P— The Dorfman and Steiner theorem is derived
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for the case where either sales price or quantity is controlled. Goddard and
McCutcheon [3] derivation of the optimal advertising rule show that optimal
advertising conditions are the same whether quantity is assumed fixed or
whether both quantity and price are allowed to adjust to advertising. Unlike pre-
vious two studies, Nerlove and Waugh [2] are based on the assumption that
producers have alternatives for the use of collected funds spent on advertising.
Therefore, the study recognizes alternative uses of the funds such as buying gov-
ernment bonds and equate the marginal returns of advertising to the rate of re-
turns on alternative forms of investment (p), while also considering the supply
response to advertising. Then, the corresponding optimal advertising condition

becomes:

4 A

(8+|7]p|)(1+p) P_Q

where ¢ is the supply elasticity. Including these three studies reviewed above, the

>

early derivations of the optimal advertising condition in the commodity adver-
tising literature mostly derived the optimality condition under the competitive
market structure.

A few recent studies reflect the change in market structure of food processing
and retailing sectors in deriving the optimality condition of advertising. Zhang
and Sexton [4] derive optimal conditions of commodity advertising for agricul-
tural markets where processing and distribution sectors exhibit oligopoly and
oligopsony power. Kinnucan [5] investigates the impact of food processors’
market power on farmers’ optimal advertising expenditures, while assuming the
existence of market power in the food industry. Although some studies includ-
ing Zhang and Sexton [4] and Kinnucan [5] derive the optimal advertising in-
tensities under imperfectly competitive markets, these studies tend to focus on
imperfect competition in processing sector alone or at best in an integrated
processing-retailing sector without fully considering the bilateral oligopoly be-
tween processors and retailers. However, recent studies on the retailer-processor
relationship find that retailers exercise a larger influence in food distribution
than do processors [10] [11] [12]. The existence of slotting and promotional fees
to processors in many retailer chains is also an evidence of retailers’ exercise of
market power over processors [13]. Most recently, Chung, Eom, and Yang [10]
develop the advertising intensity formula that considers bilateral imperfect
competition between processors and retailers. Although the recent study extends
previous studies, it is still limited in deriving conjectural elasticities (representing
processors’ and retailers’ market power exertion) due to the use of fixed propor-
tions technology assumption that is imposed on the cost function approach.
Under the fixed proportions technology, retailers’ and processors’ conjectural
elasticities are all identical in output and input markets, which is inconsistent
with oligopoly and oligopsony theory and is solely a result of the imposed pro-
duction technology in the dual approach.
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3. Derivation of Optimal Commodity Advertising Intensity in
Bilateral Oligopoly

For most commodity advertising programs, the marketing board (not by indi-
vidual firms) of an industry decides on the level of advertising expenditures giv-
en checkoff fund that the industry collects. However, the collected checkoff
funds are also affected by the level of advertising expenditures because the ad-
vertising expenditures induces changes in industry sales, while the fund is col-
lected on per unit or value of sales. Therefore, it is noted that the advertising ex-
penditures are endogenous to equilibrium prices and quantities in the market
under consideration [4] [6] [14]. In our study, we consider a vertically related
industry where retailers and processors exert market power in all buying and
selling markets, while producers are competitive in selling their products. We
assume that bilateral oligopoly and oligopsony equilibria between retailers and
processors are determined simultaneously in this study [6] [15] [16])". To
represent the marketing board’s decision making process on the level of adver-
tising expenditures and the industry’s bilateral oligopoly and oligopsony equili-
bria, we first solve retailers’ and processors’ profit maximization conditions to
obtain a set of market equilibrium conditions and to derive marginal effects of a
change in checkoff assessment rate on equilibrium prices and quantities. Then,
the optimal advertising intensity is determined from the derived marginal ef-
fects, while considering the condition of the marketing board’s producer surplus
maximization.

Let’s define retail demand and farm supply functions, and identity condition

as:
Y =D [P A(t)], (1)
Y’ :Sf[Pf(t),t], (2)
Y’ :g[Y”(Yf’)], (3)

where Y".¥” and Y/ are aggregate product quantities at retail, processing
and farm level, respectively, and 7 and 7 are market prices received by retailer
and producers; ¢ is the per-unit tax on farm production; and the advertising ex-
penditure, A, is defined as A=¢+*Y’, assuming all collected money is utilized
for advertising.

"The bilateral imperfect competition between processor and retailer (in particular, processor’s oli-

gopoly and retailer’s oiligopsony power) can be determined through the dominance of either pro-
cessor or retailer, collusion, or bargaining [24]. If either processor or retailer dominates, price and
quantity are set by buyer or seller. If the two collude, equilibrium price and quantity are determined
to jointly maximize profits. If they bargain, no dominance between buyer and seller is resulted. In
many cases, the bargaining relationship seems to be more realistic particularly in U.S. food
processing and retail-grocery industries. Therefore, several previous studies in the industrial organi-
zation literature develop bilateral oligopoly/oligopsony models that potentially allow market power
for both buyers and sellers [15] [25] [26]. For example, Azzam’s [25] econometric analysis shows
that neither sellers nor buyers dominate between the U.S. beef packing industry and retail-grocery
industry. The industry data also suggest that both retailers and packers may exercise oligopsony and
oligopoly power, respectively: the CR4 in the U.S. beef packing industry in 2011 was 84% [27], while
about 60% of four largest grocery chains’ beef procurement in U.S. is directly from packers [25].
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Production functions for a retailer and a processor can also be defined as:
y' = f,( yr ,xk) and y’=f, ( yf,zu), respectively, where input factors, y”
and )’ represent raw material inputs for retail and processed products, and
x, and z, represent other inputs like labor, capital, and materials that are
purchased from a competitive market. Then, the profit maximization problem

for the /* retailer can be written as:
r 1 r r 3
maxIT, = P"(Y" )y, = P* (Y7 )3/ =3, v (4)

M

r N _p .
where Y"=% "y/,¥” =% "y, and P’ and v, denote prices of raw ma-

terial (Y”) and other inputs (x, ). The first-order condition of the retailer’s

problem leads to:

. A
Pf, 1+L =Pp(1+—’), (5)
y H(Yr,t) P
Y™yl Y? y?
where ¢ 9 - S — and 6, :a—py—’p are retailer 7’s conjectural elasticities
& Y 'Y

reflecting the degree of competition in selling retail output and procuring

processed input, respectively;

B dyr Pr 3 nr f
P

H(Yr,t)—dp,' G _(1_77,4) ¥

is the total elasticity of retail demand; 7" and 7, are the partial price elastici-
ty of demand and the advertising elasticity at the retail level, respectively;
oYy pr o

AT is the elasticity of processed input supply; and fy;? = 7

P

and

)4
£ :Zy_f are the marginal product of the processed input used by the retailer
y -

and the marginal product of the farm input used by the processor, assuming
symmetric productivity across firms.
Similarly, the profit maximization problem for the /* processor can be ex-

pressed as:
D D : 3
max [T/ = P* (Y” )y;? —-w’ (Y«f )y; -3 wz, (6)
where Y/ = Zjo,zly‘f ; w, denotes the price of other input, z,; W/ is the price

paid by processors including the per-unit check-off amount assessed to produc-
ers, which forms the relationship, W/ = P/ +¢. Then, the first-order condition

of this profit maximization problem can be written in elasticity form as:

3 i @,
)4 Jo— ,f f J
P fy_,,(1+77—p =p’(v') 1+g7 +1, 7)
where
oY” y! oy’ y!
i = py_]p and w/':_/'y_jf’
o] Y ay; ¥
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represent processor ;s conjectural elasticities reflecting the degree of competi-
tion in selling processed output and procuring farm input, respectively;

oY/ p? oy’ p’
=—<— and ¢’ =

oP? Y} oP’ Y

P

are the elasticity of derived demand at processor level and the supply elasticity at
farm level, respectively. Solving equation (7) for P? and substituting into equ-

ation (5) result in:

) ey L) o

p ]f:vﬁf;,f

771
To derive effects of a change in assessment rate, £ on equilibrium prices and

quantities and first-order conditions from processors’ and retailers’ profit max-

imizations, we totally differentiate Equations (1)-(3), and Equation (8) as>*:

dY” dP" oDd4d oD dP" oD| dy’/
= = +—| Y +t— (9)
dt dt 04 dt oP dt o4 dt
ar _as’ ap” o)
dt  opP/ dt’
e o
e " op dt
(Hé)ﬂ_ﬁdﬂ
H)d H* dt
dr , 1 7
=- - ! ; di Pf(l+£/]+t (1+ p]
L & ] &
(4] £ (HU”J
dar . 7 T
- - ! p dyf Pf(1+£fj+t (1+—)
t & &
(fyf) fyp [l—i_wj -
P
+ ! - ¢2d77 {Pf(nﬂfjw}(n—pj
Iy 1+£ (7717) dt & &
v/ yp np
1 @ \dP/ @P’ d&’ 0
i L0 & T_WF &
fypfyf +7
-~ (12)
. P
S R P (P 1y
& »
fypfyf (14_77,,} (8 )

Equation (12) can be rewritten in elasticity form as:

*Firm specific subscripts, 7 and j, have been omitted to simplify notation, while denoting the repre-

sentative firm behavior for each sector.
*Maplesoft [28] was used for computations in this paper.
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o P’ 0
_ i Eg», . +1}(1+—pj , (13)

1
¢ L gf tgp &Pt
fypf), [1+77p
where
dn? t de? ¢ de’ t
py = T ey T _p’and ngtz_T
s de n Lo dt e toodt e

are the percentage change in elasticities of processors’ derived demand and
supply, and the elasticity of farm supply in response to one percent change in
check-off assessment rate £ respectively. E, , represents the percentage change

in total demand elasticity A in response to one percent change in the assessment

rate £
dei t df,f t
B
VP yf

are the percentage change in productivity of processed and farm inputs used at
retail and processing sector, respectively, in response to one percent change of ¢

Rewriting Equations (9)-(11) and Equation (13) in a matrix form gives:

_aD _ta_D 0 |
oP" oA [y’ |
f
0 0 1 o dr . oD
o5’ 0A
T S L 0 -~ 1 O SO P
iyl apt dy’ 0
ez s
0 (1+%} 0o -~ ; o’
L dr |
f}pfyf[l—’_npj
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where

_; Pf(l_{_zj_}_t iEp +§LEHt
| o\ el te? & tH T
e L

Then, an industry’s producer surplus maximization problem is considered to
decide the optimal per-unit assessment rate, ¢, and consequently optimal adver-
tising expenditure, A% for this industry [4] [6] [17]. From the first-order condi-
tion of this problem, we find that the optimal assessment rate is obtained at

dy’
= -,
de
Le, when the supply-decreasing effect due to the higher assessment rate is just

offset by the demand-increasing effect due to the adverting funded by the
Y/
assessment [4]. Applying this optimality condition to ar , derived from ma-

trix (14), results in:

(1+£JW'@=—Q‘1D. (15)
H d4 dpP’

In the advertising literature, mixed views are observed on effects of advertis-
ing on demand elasticity. One group claims that advertising provides informa-
tion about the existence of a brand or about its quality, increases consumer
awareness of attributes of brands and reduced search costs, and thereby results
in more elastic demand [18] [19] [20]. The other group argues that advertising
creates product differentiations among brands that are otherwise difficult to dis-
tinguish. The product differentiation creates a barrier to entry into a market, in-
creases brand loyalty, and reduces demand elasticity [21] [22]. For brevity, we
assume that advertising has no impact on changing total elasticity of retail de-
mand, elasticity of processor demand, and elasticities of processor and producer
supply, ‘e,

E,, = E’]p’t =E, =E, = 0.

We also assume no impact of advertising on changing farm and processed input
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productivities, e, F

. Fny =0. Then, rewriting Equation (15) in an elasticity

form and rearranging yields the optimal advertising intensity, I, as**:

" ! 1+£p

[* =ﬁ=_r]_ﬁ—(l+éj 77 . (16)
Y p n f;,f‘fvp H 1+£
) s

Unlike the well-known Dorfman and Steiner theorem, where the optimal ad-
vertising intensity is equal to the ratio of the advertising elasticity relative to the
price elasticity of demand, the newly derived optimal condition in equation (16)
is determined not only by advertising and price elasticities at the retail level, but
also by other market parameters such as productivities of farm and processed
inputs at processing and retail level, retailers’ and processors’ bilateral market
power parameters, and demand and supply elasticities of processors.

Impacts of changing parameters such as advertising elasticity, demand and
supply elasticities, marginal productivities, and bilateral imperfect competition
parameters on the optimal advertising intensity, I, are examined via compara-
tive statics on Equation (16), and results are reported in Appendix 2. It is noted
that (l +%j >0 and {1+7;ipj >0 from Equation (5) and Equation (7), re-

* *

o oI ol

spectively, and 7" and 7” are negative by derivation. Then, —,——,——

on, o[,
or : : . -

and —— cannot be signed. However, if we assume an elastic 7, that is bigger
0 L

than 1, ie., advertising campaigns are sufficiently effective to make numerators

of each comparative static negative, then

aL>0,6L.<0,8L<0 and 8L<O.
on, ow| e, o

* * * *

yP

The comparative static results indicate that when advertising elasticity is elastic,

the optimal advertising intensity, /% increases with advertising elasticity, 7,,

while it decreases with absolute value of price elasticity of retail demand, |77"

>

and marginal productivities of processors’ and retailers’ raw material-inputs,

oI or ar
f, and f,. Comparative static results, ——>0,—>0 and —— >0,
: o] aer o]
show direct relationships between the optimal advertising intensity and absolute
value of processors’ price elasticity of demand, processors’ supply elasticity, and
absolute value of retailers’ total demand. The direct and inverse relationships

between the optimal advertising intensity and the related advertising, demand,

“The expanded derivation when E,, #0, EW 0, £, #0, Em =0, F, =0, and F)_, L #0,

is provided in Appendix 1.

*The parameter representing processors’ oligopsony power (@ ) is excluded from (16) when restric-
tions on change in elasticities and productivities in response to advertising are imposed in the deri-
vation.
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and supply elasticites we found from Equation (16) are consistent with many
studies in the literature [1] [4] [6]. The inverse relationship between productivity
parameters and the intensity makes sense because as the productivities increase,
we expect the retail output increases given processed and farm outputs. The im-
pact of each market power parameter on the intensity can also be signed through
ol
_,_ a
o5 0¢

negative, indicating that the increase in bilateral market power decreases the op-

* *

comparative static analyses. Signs of the analyses, nd 28 are all

timal advertising intensity. This result is consistent with empirical findings from
Zhang and Sexton [4] and Chung, Eom, and Yang [6]. The newly developed op-
timal advertising rule in Equation (16) highlights two important findings. First,
it shows the importance of considering market power exertions from retailers
and processors. Without considering the potential market power exertions, the
optimal advertising intensity is overestimated and therefore so is the optimal
advertising expenditures. Secondly, it also shows that it could be problematic to
estimate the optimal advertising intensity (the effectiveness of advertising pro-
grams) under the assumption of the fixed proportion technology. Many previous
studies assume the fixed proportion and constant return to scale technology with
Leontief coefficient 1 in converting from farm to retail products, which leads to
identical input and output quantities at the retail, processing, and farm levels,
and therefore, identical conjectural elasticities (market power exertion) in input
and output markets at all levels. Equation (16) shows that such practices in pre-
vious studies could underestimate the optimal intensity and advertising expend-
itures, particularly when advertising elasticity is elastic (Z.e., greater than 1).

The advertising intensity derived by Zhang and Sexton [4] shows no direct ef-
fect of oligopsony power from the retailer-processing sector. When the pro-
cessing sector is considered separately from the retailing sector (while including
the import sector), Chung, Eom, and Yang [6] found that all four bilateral mar-
ket power parameters affected the optimal condition. However, as stated earlier,
the dual approach with the fixed proportion assumption used in Zhang and
Sexton [4] and Chung, Eom, and Yang [6] resulted in the optimal advertising
intensity framework with identical conjectural elasticities in output and input
markets for retailers and processors. Equation (16), based on the primal ap-
proach without imposing the fixed proportion assumption, shows that three bi-
lateral market power parameters, representing retailers’ oligopoly and oligopso-
ny as well as processors’ oligopoly, are a part of determinants of the optimal ad-
vertising intensity. When the derivation allows advertising to change price elas-
ticity of processor demand, supply elasticities of farm and processing sectors,
and productivities of raw material inputs in retail and processing sectors, the ex-
tended condition includes all four bilateral market power parameters (see Ap-
pendix 1).

Equation (16) can also be reduced to optimal advertising rules derived from

previous studies. For example, when no bilateral market power is considered,
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while focusing only on the retail sector (ie, =0=¢=w=0; fyf =fyp =1),

the new optimal condition in Equation (16) equals to the Dorfman and Steiner
condition. When an integrated retail and processing sector is assumed to exert

its oligopoly and oligopsony market power, while imposing the fixed proportion
technology (ie, 0=¢=0; fy, = fvp =1), Equation (16) can be reduced to the

optimality condition derived by Zhang and Sexton [4]. Equation (16) can also be
reduced to the optimal advertising rule of Chung, Eom, and Yang [6] when the
fixed proportion technology (ie, f} o= fy , =1) is considered with no import

sector.

4. Summary and Conclusion

This study derives an optimal commodity advertising intensity rule for a verti-
cally related market under bilateral oligopoly. The new optimality condition de-
rived in this study extends the seminal Dorfman-Steiner Theorem and recently
published advertising conditions by two major aspects. First, we strengthen the
previous work by considering potential market power exertion in all buying
(input) and selling (output) markets, ie., all four adjacent upstream and down-
stream markets of processors and retailers. Second, we use a primal production
function approach to avoid the symmetry assumption that many earlier studies
imposed on conjectural elasticities of input and/or output markets.

In our new derivation, the optimal advertising intensity shows the direct rela-
tionship with advertising elasticity, absolute value of processors’ price elasticity
of demand, processors’ supply elasticity, and absolute value of total elasticity of
retail demand, while it exhibits the inverse relationship with absolute value of
price elasticity of retail demand, and processors’ and retailers’ raw materi-
al-input productivities when advertising elasticity is elastic. Our new optimal
advertising rule also shows that the optimal level of advertising intensity (and
expenditures) decreases with bilateral market power exertion. Therefore, find-
ings from our derivation highlight two important points. First, without consi-
dering the potential market power exertions, the optimal advertising intensity
and therefore, optimal advertising expenditures are overestimated. Second, pre-
vious optimal advertising conditions derived under the assumption of fixed
proportion technology could underestimate the optimal advertising intensity
and expenditures, particularly when advertising elasticity is elastic. Our findings
should provide important policy implications particularly for marketing manag-
ers and members of marketing boards who work for commodity advertising
programs. This new derivation will certainly help them find better estimates of
optimal advertising expenditures and effectiveness of advertising programs.

One direction for future research could be to extend our modelling approach
with cooperative play. Our model assumes bilateral market power exerted by re-
tailers and processors on both sides of markets simultaneously and non-coope-
ratively. However, one can consider cases where retailers and processors look for

cooperative strategies. In this case, the first stage of the play provides optimal

DOI: 10.4236/tel.2018.811128

1967 Theoretical Economics Letters


https://doi.org/10.4236/tel.2018.811128

C. Chung

output and input levels that maximizes retailers and processors jointly. Then, the
two sides negotiate a transfer price for the intermediate product to split the prof-
t [23]. Another way to extend the current study might be to work with the ex-
tended intensity condition reported in Appendix 1. The extended formula is
flexible enough to include parameters representing changes in price elasticity of
processor demand, supply elasticities of farm and processing sectors, productivi-
ties of raw material inputs in retail and processing sectors due to advertising,
and all four bilateral market power parameters. One potential drawback of using
the extended condition is that comparative statics may not be able to provide
clear directions for effects of market power and other related parameters on the
optimal advertising intensity. To address this issue, a few studies show that one
can develop a market equilibrium model and simulate the model using ranges of
parameters and elasticities obtained from previous research [4] [6]. However, it
might be difficult to get equilibrium solutions because of the complexity of the

extended optimal advertising intensity condition.
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Comparative statics of the optimal advertising intensity with respect to each of
parameters in Equation (16).
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