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Abstract

This paper determines the impact of food industry market power on farmers’ incentives to promote in a situation where
funds for promotion are raised through a per-unit assessment on farm output and food industry technology is characterized
by variable proportions. Specifically, building on earlier studies by Azzam [Am. J. Agric. Econ. 80 (1998) 76] and Holloway
[Am. J. Agric. Econ. 73 (1991) 979], Muth’s [Oxford Econ. Papers 16 (1965) 221] model is extended to consider the
farm-level impacts of generic advertising when downstream firms possess oligopoly and/or oligopsony power and advertising
expenditure is endogenous at the market level. Applying the model to the US beef industry, we find that for plausible parameter
values market power reduces farmers’ incentives to promote. However, the disincentive is moderated by factor substitution,
and effectively vanishes as the factor substitution elasticity approaches the retail demand elasticity. This suggests that the
Dorfman-—Steiner theorem, suitably modified to account for factor substitution, suffices to indicate optimal advertising intensity

in the US beef sector.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

Consolidation in food retailing and processing over
the past two decades has been dramatic. For example,
in the United States the four-firm concentration ratio
for beef packing between 1978 and 1994 increased
from 0.30 to 0.86 and in 2000 the top six supermar-
ket retailers accounted for 50% of supermarket sales,
compared with 32% in 1992 (Sexton, 2000, p. 1087).
An issue of growing concern is the implication of
this trend for farmers’ incentives to invest in generic

* Final revision submitted to Agricultural Economics 23 July—
April 2002.
E-mail address: hkinnuca@acesag.auburn.edu (H.W. Kinnucan)

advertising and other self-help initiatives. Although
substantial research has been done to determine the
effect of the funding mechanism, trade, export promo-
tion subsidies and policy interventions on promotion
incentives (see, e.g. Freebairn and Alston (2001) and
the references cited therein), relatively little is known
about imperfect competition’s effect. The few studies
that have been done are empirical in nature (Suzuki
et al., 1994), focus on monopoly effects (Goddard and
McCutcheon, 1993; Kinnucan and Thomas, 1997;
Kinnucan, 1999), or assume that food industry tech-
nology is of a fixed proportions or Leontief type
(Cranfield and Goddard, 1999; Zhang and Sexton,
2000). No systematic analysis exists to indicate how
oligopoly and/or oligopsony power affects promotion

0169-5150/$ — see front matter © 2003 Elsevier B.V. All rights reserved.
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incentives when food industry technology is charac-
terised by variable proportions.

The latter issue is important because variable pro-
portions appear to hold in the case of the US beef
and pork industries (Wohlgenant, 1989; see also
Goodwin and Brester, 1995) where concerns about
non-competitive pricing are particularly acute. In
these instances, a fixed-proportions framework would
tend to prejudice the analysis in favour of large ad-
vertising budgets. Moreover, as is demonstrated in
this study, disallowing input substitution may cause
market power effects to be exaggerated. The reason
is that market power’s affect on the derived demand
elasticity for the farm-based input tends to be more
pronounced under fixed proportions than under vari-
able proportions. Since the demand elasticity is a key
determinant of advertising profitability (Dorfman and
Steiner, 1954), it follows that farm-level returns from
advertising will be more sensitive to market power
when input substitution is disallowed than when it is
permitted.

Variable factor proportions is a contested issue
in the agricultural economics literature. The contro-
versy is perhaps best summarised by Wohlgenant and
Haidacher (1989, p. 8):

Even though input substitution provides theoretical
justification for observed margin behaviour, there
is a view in the profession that such substitution
possibilities are quite limited, and are restricted to
reductions in the amount of waste and spoilage as
the price of the farm product rises .... This view
of input substitution, however, is too narrow. It ig-
nores the fact that a firm can choose among one or
more production processes, or technologies, at any
time. For example, fresh produce could be shipped
to market by truck, by rail, or by boat .. .. For each
mode of transport, different combinations of mar-
keting services and farm product are available to
produce the retail product, and so opportunities for
input substitution can arise from switching between
transport modes . . . . Even if all firms employ inputs
in fixed proportions, we still should expect to ob-
serve input substitutability at the industry level. The
reason is that firms, because of differences in firm
size, often use different input proportions (through
different production processes or activities) to pro-
duce similar products.

Sexton (2000, pp. 1089-90), in adopting the fixed
proportions framework, admits that it is a simplifica-
tion, but argues (correctly) that the important point is
that the assumption “. .. must not bias the analysis of
competition in any particular direction”. Our analysis
suggests that in this regard the assumption of fixed
proportions is not innocuous.

The purpose of this research is to determine the opti-
mal advertising:sales ratio for a situation in which food
industry technology is characterised by variable pro-
portions, middlemen possess market power, and adver-
tising funds are raised through a per-unit assessment
on farm output. The analysis is based on a Muth-type
model that in essence combines Holloway’s (1991)
model of oligopoly behaviour with Azzam’s (1998)
model of oligopsony behaviour. An advantage of this
formulation is that a derived ‘demand’ curve for farm
output can be obtained that shows clearly how adver-
tising shifts this curve when the price of marketing
services is endogenous. A key result is that market
power tends to reduce promotion incentives, but that
the attenuation is moderated by factor substitution.

2. Model

Consider an industry that combines a farm-based
input a with a bundle of marketing inputs b to pro-
duce a retail product x under conditions of constant
returns to scale (CRTS). Firms in the industry take the
price of marketing services P} as given, but have suf-
ficient market presence to influence the price of the
farm-based input P,, and the price of the retail prod-
uct P,. That is, downstream firms exercise oligopoly
power in the x market and oligopsony power in the
a market, but are individually too small in relation to
the total food economy to influence Pp. Consumer de-
mand for the industry’s product is separable from other
goods such that substitution effects can be ignored, at
least as a first approximation. The farm sector raises
A dollars for promotion via a tax of 7" dollars per unit
on farm marketings. Thus, advertising expenditures at
the industry level are endogenous and dependent on
farm output. The economy is closed and prices are
determined without government interference.

With these assumptions initial equilibrium in the
channel is defined as follows:

x = D(Py, A) (demand for x) N
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x = f(a,b) (CRTS production function) 2)
P,(1+ $2) = P, f,(1 —¥) (demand fora) 3)
Py, = Py fp(1 —¥) (demand for b) “4)
P, =g(a) +T (supplyofa) Q)]
Py =h(b) (supply of b) (6)
A =Ta (advertising budget) @)

where f; (i = a, b) are a’s and b’s marginal products;
¥ = &/n is the Lerner index that denotes oligopoly
power, where 7 is the absolute value of the retail de-
mand elasticity, and £ € [0, 1] the output conjectural
elasticity (¢ = O for perfect competition and § = 1
for pure monopoly); §2 = /¢, is the Lerner index to
denote oligopsony power, where &, is the supply elas-
ticity for a, and 6 € [0, 1] the input conjectural elas-
ticity (0 = 0 for perfect competition and 6§ = 1 for
pure monopsony).

The foregoing model is similar to Zhang and
Sexton’s (2000) in that both oligopsony and oligopoly
power are considered within a single framework.
However, it is more general in that the assumption
of fixed proportions is relaxed, and the price of mar-
keting inputs is treated as endogenous at the industry
level. That is, although individual firms in the industry
are too small to affect Pj, collectively the firms ac-
count for a sufficiently large portion of the total food
economy so that industry-wide changes in the demand
for b influence Pp. The same distinction applies to
A. Specifically, Egs. (3) and (4) are based on the as-
sumption that advertising expenditure is endogenous
at the industry level, but not at the firm level. That is,
downstream firms make input choices without regard
to the fact that such choices might affect the level of
generic advertising. To the extent that this is not true,
the model will tend to understate optimal advertising
expenditure.! (The importance of this potential un-
derstatement is analysed later.) Eqgs. (1)—(6) reduce
to Holloway’s model when §2 = 0 and to Azzam’s

1 thank Richard Sexton and Mingzia Zhang for pointing out
this model limitation. As shown in an appendix available from the
author, firm-level endogeneity requires that Eq. (3) be replaced
with Py f,(1 — W) = P,(1 + 2 — @) where ® = B¥/S, is an
advertising ‘feedback’ term. Since this term is vanishingly small
in the present analysis, it can be safely ignored.

(1998) model when ¥ = 0. Thus, the present model
subsumes these earlier models as special cases.?

The model contains seven endogenous variables
(Py, Py, Pp, x, a, b, and A), one exogenous variable
(T), and four parameters (&, 6, n, and &,). Following
the standard assumption for models of this type (see,
e.g. Muth, 1965; Gardner, 1975), the parameters are
treated as fixed constants. Thus, ¥ and £2 are prop-
erly interpreted as exogenous variables. In this sense,
our model is less general than Zhang and Sexton’s
(2000) model in that the latter model permits 7 to
adjust in response to advertising or market-power
induced changes in equilibrium quantity. Although
endogenising 7 is a useful refinement, it should not
affect results significantly provided equilibrium dis-
placements are small or the retail demand curve is of
the constant-elasticity type in the relevant range.3

3. The derived ‘demand’ curve for farm
output

The first task is to derive an expression that under
certain conditions can properly be interpreted as the
derived curve for farm output. For this purpose, and
following Muth (1965), we begin by expressing Egs.
(1")—(7") in percentage changes as follows:

x* = —nP} + BA* Sy

x* =k a* + (1 —«,)b* 2

2 Technically, the present model reduces to Azzam’s (1998)
model when open-market and captive supplies in the latter model
are perfect substitutes. In verifying this reduction, I discovered
an error in Azzam’s model that was graciously confirmed by the
author. Specifically, referring to p. 78, Eq. (13) of Azzam’s paper,
the (14 £2) term that multiples a’s coefficient is errant and should
be deleted. In addition, there appears to be an error (probably
typographic) in Holloway’s model, which, if not corrected, will
frustrate attempts to reduce Egs. (1)-(6) to that model. In particular,
Holloway (1991, p. 983) defines the value-share terms as w; =
Si(6+n)/n, where i = a, b. As shown in Appendix A, the correct
definition is w; = S;n/(0 + n).

3 Although equilibrium displacements associated with generic
advertising are typically small (since the advertising elasticities
are generally minute), this may not be the case for market power.
However, in the latter case there is a mitigating factor in that a
market-power induced increase in n will tend to have opposing
effects on optimal advertising intensity (as shown later), and thus
may be largely self-canceling.
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P [(1 —K;,)]a* N [(1 —K;)]b*
o o

+ P} — noW* — ep82* 3
K K
ri=(2)e-(%)rrr-me @
* 1 * 3k /
P = - a +1T 5"
a

* 1 * /
A*=T*+a* )

where the asterisked variables indicate relative change
(e.g. x* = dx/x); B is the advertising elasticity;
k, = Sqo(1 4+ §2)/(1 — ¥) the factor a’s cost share
inclusive of oligopsony and oligopoly rent (see
Appendix A), hereafter referred to as the ‘value-share’
term;* o the Hicks—Allen factor substitution elas-
ticity; ng = ¥/(1 —¥) and ¢ = 2/(1 + 2) are
elasticities that indicate the percent vertical shift in
input demand curves (3) and (4) per 1% change in
the respective market power indices holding output
prices constant; T = T/ P, is the advertising tax ex-
pressed as a fraction ‘of the initial equilibrium farm
price’; and g is the supply elasticity for marketing
services.

In this study, all parameters are assumed to be posi-
tive, i.e. retail demand is downward sloping (—7n < 0);
advertising shifts the retail demand curve to the right
(B > 0); the input supply curves are upward-sloping
(¢4 > 0 and g5 > 0); and food industry technology
exhibits variable proportions (¢ > 0). Importantly,
the farm-share term S, = FPya/P.x is evaluated
‘at the initial equilibrium point’ (see Appendix B);
thus, the value-share term «/ in Egs. (2/)~(4') is
properly interpreted as a fixed constant, as is T in
Eq. (5).

The derived ‘demand’ curve for farm output is ob-
tained by dropping Egs. (5) and (7') (since we want to
treat farm price and advertising expenditures as tem-
porarily exogenous) and solving the remaining equa-

4 The term ‘value share’ is suggested by Waterson (1980) who
derived an expression for the derived demand elasticity under
oligopoly using duality theory.

tions simultaneously for a* to yield:

a* =—[(817)\/—‘_7’0):]P;+|:'3(8b+0)]A*

D D
B [7711/77(817 + G)} - [SQ(BM + 7)0)] o
D D
(8)

where X' = (k,n+ (1 — «,)o) > 0) and D = (g +
K o+(1—«k,)n) > 0. Since P}’s coefficient is negative
under the stated assumptions, the derived ‘demand’
curve is downward sloping, as might be expected.
Also, A*’s coefficient is positive and ¥*’s coefficient
is negative, which means that simultaneous increases
in advertising and oligopoly power shift the derived
‘demand’ curve in opposite directions. This, too, is in
accordance with economic logic.

If P, is exogenous, as is assumed by Zhang and
Sexton (2000) and Wohlgenant (1993), Eq. (8) reduces
to:

a* = =N PF + BA* — nunW* — A" (8a)

In this case, P;’s coefficient is simply —A’, which
is equivalent to Waterson’s expression for the mar-
ket elasticity of derived demand when §2 = 0, and
to Allen’s expression when ¥ = £ = 0 (see, e.g.
Bronfenbrenner, 1961, p. 259). Thus, in these in-
stances Eqs. (8) and (8a) may be interpreted as the
derived demand curve for farm output without qual-
ification. In instances where §2 > 0 the derived de-
mand curve collapses to a single point when 6 = 1
(pure monopsony), and thus the curve is ill-defined.
Nonetheless, henceforth we will ignore this technical-
ity, since no harm is done provided this qualification
is borne in mind (see, e.g. Friedman, 1976, p. 190). As
previous analysis suggests that treating P, as exoge-
nous has no important effect on promotion incentives
(Kinnucan, 1997), the remaining analysis will focus
on Eq. (8a) unless indicated otherwise.

3.1. Interpretation of coefficients

¥*’s coefficient in Egs. (8a) and (8) is equal and
opposite in sign to A*’s coefficient when ny = B/1.
This implies that generic advertising’s ability to offset
the negative effects of oligopoly power on farm-level
demand hinges on the B/n ratio. What is interesting
about this result is that B/n is equivalent to Dorfman
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and Steiner’s (D-S) rule (1954) for optimal advertis-
ing. Specifically, the D-S theorem states ¢ = B/,
where ¢ is the optimal advertising intensity (adver-
tising expenditure divided by industry revenue) for
a monopoly with fixed output. Alston et al. (1994)
[hereafter ACC] show that the same condition applies
to a competitive industry that raises funds for pro-
motion through a per-unit tax. Since generic advertis-
ing intensities for agricultural products are generally
<0.06 (ACC, 1994, p. 161, Table 1) it may be inferred
from Eq. (8a) that an increase in oligopoly power
(as measured by the Lerner index) in general will
have a larger (negative) effect on farm-level demand
than an equivalent percentage increase in advertising
expenditure.

Turning to oligopsony power, £2*’s coefficient in
Eq. (8a) is proportional to the derived demand elas-
ticity (P}’s coefficient). This implies that factors that
make retail demand more (less) price elastic tend to
magnify (attenuate) oligopsony power’s effect at the

Table 1
Baseline values and parameters for US beef industry, 1998
Item  Definition Value
P, Retail beef price ($/1b.) 2.77%
x Retail beef quantity 184122
(million 1bs.)
Sa Farmers’ cost—share 0.4722
v Farm value (million 24073
US$ (= S, Pxx)
A Generic advertising 28.3b

expenditure (million US$)

OR Advertising intensity (= A/Pyx)  0.00056

B Advertising elasticity 0.0005¢ or 0.0011¢

n Retail demand elasticity 0.429, 0.56°, or 0.787
(absolute value)

o Factor substitution elasticity 0, 0.25, 0.50, or 0.72f

&q Farm supply elasticity 0.15f

&b Marketing services supply 1.00, 2.008, or oof
elasticity

3 Output conjectural elasticity 0-0.10"

0 Input conjectural elasticity 0-0.10"

aUSDA, ERS (2001).

b National Cattleman’s Beef Association.
¢ ‘Best-bet’ value, see text.

d Kinnucan et al., 1997.

¢ Brester and Schroeder, 1995.
fWohlgenant, 1993.

& Gardner’s (1975) most frequent value.
h “Best-bet” upper limits, see text.

farm level. Stated differently, as farm supply becomes
less elastic in relation to retail demand, the farm-level
impact of the oligopsony distortion is accentuated.
Thus, for example, in Zhang and Sexton’s (2000) sim-
ulation work where the retail demand curve is linear,
n increases pari passu with increases in oligopsony
power (since equilibrium quantity is reduced). In this
case, a larger reduction in the ‘demand’ for farm out-
put would occur than would be true if the retail de-
mand curve were of the constant elasticity type (as is
implicitly assumed here).

What of oligopsony and oligopoly’s power rela-
tive impact? To answer this, let ¥ = 2 = 0.18 so
that the distortions are equivalent. In this case, e =
£2/(1 + £2) = 0.15, which is less than ny = 0.22.
This implies from Eq. (8a) that under the stated as-
sumptions oligopoly power always has a larger effect
on farm-level ‘demand’ than comparable oligopsony
power, provided n > A (sufficient condition). The lat-
ter condition always holds when 1 > o, as appears to
be true for the beef, pork, and poultry industries in the
United States (Wohlgenant, 1989, p. 250).

Returning to the advertising effect, A*’s coefficient
in Eq. (8a) is simply the advertising elasticity S. This
means that if Py is indeed exogenous, as is commonly
assumed, then the advertising-induced demand shift at
the farm level is identical to the shift at the retail level.
However, if P, is endogenous, the demand shifts at
the two market levels in general are not identical. In
particular, letting E, 4 = B(ep + 0)/D, A*’s coeffi-
cient in Eq. (8), it can be shown that E, 4 = S only
in the special case where n = o. For US meats, where
n > o, we have E, 4 < B, which means the adver-
tising elasticity overstates the farm-level demand shift
when Py, is endogenous, as might be expected because
then there is price rationing in the b market.

3.2. Market power and the derived demand
elasticity

As alluded to in connection with the DS theorem,
an industry’s incentive to promote is inversely related
to the absolute value of the demand elasticity. Thus, it
is of some interest to know how food industry market
power might affect the derived demand elasticity for
farm output, as this parameter is pivotal in determining
farmers’ incentive to invest in demand-strengthening
activities.
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To determine that, consider the following expres-
sions for the derived demand elasticity:

M =wn+ (1 —k)o- (9a)
*=Sun+ (1= Sp)o- (9b)

Where A’ is derived demand elasticity under imperfect
competition when P, is exogenous (see Eq. (8a)) and
A the corresponding expression under perfect compe-
tition (see, e.g. Bronfenbrenner, 1961). Intuitively, for
imperfect competition to reduce farmers’ incentive to
promote, as suggested by Zhang and Sexton’s (2000)
analysis, one would expect that A" > A. To check this,
we subtracted Eq. (9b) from Eq. (92) as follows:

= |SdED N
)»—/\—[(l_w)](n 2 90)

Since the term in square brackets in Eq. (9¢) is always
positive for permissible parameter values, intuition is
confirmed, provided n > o. Indeed, in Zhang and
Sexton’s (2000) analysis o = 0, so this condition is
satisfied. That is, in a fixed-proportions framework
food industry market power in effect makes farm-level
demand more price elastic, which makes advertising
less profitable from the farmer’s perspective.

In a variable proportions framework Eq. (9c) may
be positive or negative depending upon whether con-
sumers can substitute more easily than middlemen. If
n > o, which implies that a and b are gross comple-
ments (see, e.g. Alston and Scobie, 1983), an increase
in either oligopoly or oligopsony power always re-
duces the incentive to promote. The opposite obtains
if n < o, meaning that a and b are gross substitutes.
Since Wohlgenant (1989, p. 250) finds that n < o for
eggs, fresh vegetables and dairy, the finding that mar-
ket power may enhance farmers’ incentive to promote
when a and b are gross substitutes is more than a the-
oretical curiosity. In particular, it suggests that factor
substitution may play an important role in moderat-
ing market power’s effect on promotion incentives, an
issue to be addressed in detail later.

5 A caveat in interpreting Eq. (9¢c) is that it is based on the
implicit assumption that S, in Eqgs. (9a) and (9b) has identical
values, i.e. market power does not affect the farmers’ cost share.
Relaxing this assumption complicates the analysis, but does not
alter the basic idea that market power’s effect on the derived
demand elasticity is ambiguous when o > 0. The reason is re-
lated to Marshall’s third law of derived demand as discussed by
Bronfenbrenner (1961, pp. 256f).

3.3. Effects of a change in n on derived demand

Quilkey (1986) argues inter alia that generic
advertising’s main effect is to alter the demand elas-
ticities (price and income) for the goods in question.
Thus, it is of some interest to know how such alter-
ations would affect farm-level demand in the presence
of oligopoly power.

To address this issue we first express Eq. (8) in
simplified notation as follows:

a* = _Ea,PaP; + Ea,AA* - Ea,lll'p* - Ea,A’Z'Q*y
&)

where E, ps, Eqw and E, o are short-hand expres-
sions for the corresponding coefficients given in
Eq. (8) expressed as absolute values. Then, taking
advantage of the fact that * = £&* — n* and setting
£2 = 0 (to focus attention on oligopoly power), the
above equation may be written equivalently as:

a* = —Ea,PaP(;< + EqaA* — Equ(E* — ") ®"

From Eq. (8”), an increase in the retail demand elas-
ticity has an effect on farm-level demand that is both
equal and opposite to an increase in the output con-
jectural elasticity.

This implies that an advertising campaign designed
to make retail demand less price elastic may be coun-
terproductive in the presence of oligopoly power in
that it would tend to reduce demand at the farm level.
However, there is a countervailing effect in that a de-
crease in ) decreases A/, ceteris paribus, which, in turn,
increases the incentive to promote (by the D-S theo-
rem). The upshot is that downstream oligopoly power
renders n’s effect on promotion incentives at the farm
level uncertain.

4. Optimal advertising tax and intensity

The analysis thus far has considered the relationship
between market power and promotion incentives by
focusing on a’s quasi-reduced form. To sharpen these
results, we now develop an expression for the optimal
tax rate, i.e. the rate that maximises producer surplus
when the revenue generated by the tax is spent on
generic advertising. Conveniently, the expression that
defines the optimal tax rate also defines the optimal
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advertising intensity. Thus, analysis of the expression
for the optimal tax rate (per-unit levy divided by farm
price) also provides information about the optimal ad-
vertising intensity.

To derive the optimality condition, we first need
to know how a simultaneous increase in the tax and
advertising expenditure will affect demand at the farm
level when price effects are taken into account. For this
purpose, we substitute Eq. (5") and (7’) into Eq. (8') to
obtain the reduced-form equation for farm quantity:

ot = I:Sa(Ea,A - TEa,Pa):I T* _ l:eaEa,lIIjl w
E
- [—8" “"2} @ (10)

where D' = (e4(1— E4 4)+ Eq4 pq). Eq. (10) indicates
the net effects of changes in the exogenous variables
on equilibrium farm output, i.e. the effects that take
into account induced changes in farm price and adver-
tising expenditure. Under the maintained hypothesis
that D’ > 0, the coefficients of ¥* and £2* in Eq. (10)
have the same signs as the corresponding coefficients
in Eq. (8). This means that endogenising farm price
and advertising expenditure affects the magnitude, but
not the direction, of the market power effects.

T*’s coefficient in Eq. (10) is key from the stand-
point of optimising behaviour. This coefficient, which
is properly interpreted as a reduced-form elasticity, has
an uncertain sign. The reason is that the coefficient
represents the net effect on equilibrium farm quantity
of a simultaneous shift in supply and demand, with the
curves shifting in opposite directions. Thus, the criti-
cal question is whether the demand shift induced by
the advertising expenditure exceeds the supply shift
induced by the tax. With this in mind, the optimal tax
rate can be derived from Eq. (10) by invoking the con-
dition developed by Alston et al. (1994, p. 157), which
states:

The check-off advertising tax will be optimised
when an increase in the check-off yields an addi-
tional vertical shift in demand of the same amount
per unit so that, at the margin, the combined ad-
vertising and check-off will have no net effect on
quantity and dg/dt = 0.

To apply this condition, we set ¥* = £2* = 0 (since
we want to isolate the tax effect), and solve Eq. (10)

for = when a*/T* = 0 to obtain:

Ea,A
Ea,Pa

T =

where 7 is the tax rate (T =T/ P?) that maximises
producer surplus when the tax proceeds are invested
in promotion. Substituting the parameter values from
Eq. (8) into the above relation yields:

Bep + 0)

) 1
(epA + no) ()

T =
From Eq. (11) the optimal tax rate is directly related
to the advertising elasticity 8, and inversely related to
the retail and derived-demand elasticities n and A/, as
might be expected based on the D-S theorem.

That Eq. (11) is equivalent to optimal intensity can
be seen by noting that:

- a A

_ _a -
T e T e T

where A is the optimal advertising expenditure in im-
perfectly competitive equilibrium, and ¢r is the op-
timal advertising intensity defined in terms of farm
value. Since optimal intensity and optimal tax rate are
synonymous, we will henceforth refer to Eq. (11) as
optimal intensity.

Importantly, Eq. (11) generalises the D-S theorem
(and thus ACC'’s result) in that it takes into account
the marketing channel. In addition, it is more gen-
eral than Zhang and Sexton’s (2000) condition (p. 12,
Eq. (15)) in that it permits factor substitution and does
not require that P, be exogenous. However, as noted
Eq. (11) assumes that 7 is a fixed constant and does
not account for the advertising feedback effect. The
relative importance of these restrictions can be deter-
mined by considering Eq. (11)’s analogue when P is
exogenous:

B__ (-8B

Ao [Sa(1 4+ 2)n + Spo]
where S, = 1 — ¥ — S,(1 + £2) is factor b’s
rent-exclusive cost share (see Appendix A). Multiply-
ing this expression through by (P,a)/(P.x) yields:
AP Uil /B
B0 + 2)n + wol

¢F =

12)
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where (f)’R;l /(Pxx) is the optimal intensity expressed in
terms of retail value and w = S,/ S, is the cost—share
ratio.

By way of comparison, Zhang and Sexton’s condi-
tion (2000, p. 13) for fixed » in our notation is:

(1-v+UpB

P75 =
R n

(13)

Comparing Eqgs. (12) and (13) and setting £2 = 0
we see that Eq. (12) understates the optimal intensity
under fixed proportions, since the feedback term W8
in Eq. (13) is positive in sign. However, since ¥ <
1 and B is generally <0.05 (see, e.g. Ferrero et al.,
1996) the degree of understatement is in most cases
negligible.

Since market power reduces equilibrium quantity,
n in general is expected to increase with increases in
market power unless the retail demand curve is a rect-
angular hyperbola in the relevant range. Thus, it is of
some interest to know how such changes would af-
fect optimal intensity. Since results are qualitatively
similar for Egs. (12) and (13), we focus on the sim-
pler expression Eq. (13), which yields the following
derivative:

097 _ p2v(1—p — 11
am "

From this expression 7’s effect is uncertain. In par-
ticular, the inverse relationship between optimal in-
tensity and 75 indicated by the D-S theorem holds
only if oligopoly power is sufficiently weak such that
U < 1/[2(1 — B)]. The reason is that an increase
in n has two opposing effects: it benefits produc-
ers by attenuating the oligopoly distortion, but is
also harms producers by weakening advertising’s
price effect. The upshot is that, owing to the off-
setting effects, treating n as a constant should be
relatively innocuous when evaluating promotion
incentives.

Returning to Eq. (12), under fixed proportions (o =
0) an increase in either oligopoly or oligopsony power
always reduces optimal intensity, which is consistent
with Zhang and Sexton’s analysis. This simple rela-
tionship, however, no longer holds under variable pro-
portions. The reason is that the cost—share ratio w
comes into play when o > 0, and this ratio may either

increase or decrease with changes in market power.°

Specifically, letting ¢ = (1 4+ £2) n + wo and taking
the partial derivative of Eq. (12) with respect to the
Lerner indices yields:

00k _ Blt + o1 — ¥)(3/0¥)]

o z2
3¢ _ —BU — W)[n + 0(8w/32)]
02 e

From these expressions, an increase in market power
has an unambiguously negative effect on promotion
incentives only if dw/0¥ and dw/3S2 are positive. In
the present analysis, where these derivatives are nega-
tive (since S, is held constant at its initial equilibrium
level), the effect is uncertain.

That factor substitution plays an important role in
promotion incentives can perhaps be best appreciated
by noting that when £ = ¥ = 0 condition Eq. (12)
reduces to:

ZDS B

PR = (1= 50/500] a
where &25 is hereafter called the ‘modified D-S
theorem’. In particular, Eq. (14) defines the opti-
mal advertising intensity in competitive equilibrium
when P, is exogenous and marketing technology is
characterised by variable proportions. Since for most
farm products n < 1, (1 — S;)/S; > 1 (USDA, ERS
(2001)), and 0.25 < o < 1 (Wohlgenant, 1989),
Eq. (14) suggests that even modest departures from
fixed proportions could significantly weaken farmers’
incentive to promote. Whether such departures are
important in determining promotion incentives in the
presence of imperfect competition is an empirical
issue to which we now turn.

5. Application to US beef industry

To demonstrate the model’s empirical utility, and
to gain further insight into the importance of factor

6 The intuition here is that under variable proportions the derived
demand elasticity for farm output is a cost—share weighted average
of the retail demand and input substitution elasticities (see Egs. (92)
and (9b)). Thus, a market power induced change in cost shares may
either increase or decrease A’ depending on the relative magnitudes
of n and o.
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substitution, we apply Eq. (11) to the US beef indus-
try using parameter values as indicated in Table 1.
The beef industry is a useful case study because its
promotion program is the third largest in the United
States (after dairy and citrus, see Forker and Ward,
1993, pp. 102-103), the four-firm concentration ra-
tio is high (above 0.86), and considerable research
has been done to estimate market power and re-
lated parameters. Moreover, the model’s assumptions
(variable proportions, constant returns to scale and a
closed economy) are approximated in this instance
(Wohlgenant, 1989, 1993).7 In 1998, the base year for
our analysis, the industry invested US$ 28.3 million
(mUS$) in generic advertising. The retail value of
beef in that year was US$ 50.8 billion (bUS$), which
yields an observed advertising intensity of 0.056%.
At issue, whether this intensity is too high or low,
and what is the effect of market power on the optimal
intensity in the presence of factor substitution.

5.1. Parameterisation

Since 7 and o critically influence market power’s
effect on promotion incentives, we consider a range of
values for these parameters. Specifically, 7 is set alter-
natively to 0.78, 0.56 and 0.42; 0.78 is the value used
by Wohlgenant (1993); the latter two values were esti-
mated, respectively, by Brester and Schroeder (1995),
and Kinnucan et al. (1997) (see Table 1). For o we used
selected values ranging from 0 to 0.72, Wohlgenant’s
(1989, p. 250) estimate of this parameter. We choose
0.72 as ¢’s upper limit to address Sexton’s concern
(2000, p. 1095, fn. 14) that empirical estimates of fac-
tor substitution elasticities may be overstated due to
the use of highly aggregated data.

Despite the attention given to estimating market
power parameters for US beef, the estimates remain
controversial. For example, Muth and Wohlgenant

7 A shortcoming of the present analysis is that it does not take

into account demand interrelationships, which are important in the
case of beef. One way to handle this deficiency without compli-
cating the model is to re-interpret 8 and n as ‘total’ elasticities,
i.e. elasticities that take into account cross-commodity substitution
and advertising spill-over. Since for substitute goods the total ad-
vertising and price elasticities are ‘both’ smaller than their partial
counterparts (Buse, 1958; Kinnucan, 1996), ignoring demand in-
terrelationships may be innocuous in terms of defining the optimal
intensity.

(1999) reject the hypothesis of market power, while
Azzam and Schroeter (1995) find at least a mild de-
gree of price exploitation. In his study of captive beef
supplies, Azzam (1998) uses 0.06 as an upper-limit
value for 6, and seems to prefer a value of 0.03 for
this parameter. Based on this, and Sexton’s (2000)
view that empirical estimates of market power param-
eters are probably understated, we set 8 < 0.10. As
for oligopoly power, the empirical literature suggests
that oligopoly power in the beef marketing channel is
probably less than oligopsony power, especially when
successive oligopsony is considered (Schroeter et al.,
2000). Thus, in this study we assume that £ < 6.

Perhaps as controversial is the generic advertising
elasticity for beef. Some studies find S to be positive
and statistically significant (Ward and Lambert, 1993),
while others find the parameter to be insignificant
or fragile (Brester and Schroeder, 1995; Kinnucan
et al., 1997). In an attempt to reconcile these findings,
Coulibaly and Brorsen (1999) found that results are
sensitive to model specification, lag structures, and
data sources. With this in mind, we use 8 = 0.0005
as a ‘best-bet’ value, since it is in line with estimates
obtained in Coulibaly and Brorsen’s (1999) study.
However, to test the sensitivity of results to this pa-
rameter, we conduct an additional simulation with
B = 0.0011, Kinnucan et al.’s (1997) most optimistic
point estimate.

The farm supply elasticity is set to &, = 0.15, the
value used in Wohlgenant’s (1993) study. Since this
elasticity plays a limited role in the optimality con-
dition, and its value is relatively non-controversial,
no sensitivity analysis is done on this parameter. The
marketing services’ supply elasticity was assumed to
be infinity in Wohlgenant’s (1993) study. Here, we
set &5, = 2.0, a value that seems to be preferred by
Gardner (1975). However, given the wide range of val-
ues used in the literature, we set ¢, alternatively to
one and infinity to gauge the sensitivity of results to
this parameter. The farm cost—share parameter is set
to S, = 0.472, USDA, ERS’s (2001) estimate of this
parameter for 1998.

5.2. Results

To establish a baseline we set & = 0.05 to in-
dicate oligopsony power and £ = 0.05 to indicate
oligopoly power. Based on these parameter values,
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Table 2
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The effect of food industry market power on the optimal generic advertising intensity for beef, US, 1998

Scenario/substitution elasticities (o)

Ratio of optimal:actual intensity when marketing channel are?

Perfectly Oligopoly only Oligopsonyonly Oligopoly and
competitive (&€ =0.05) (6 = 0.05) oligopsony

No. 1: 8 =0.0005 and n = 0.78

0 1.23 1.16 0.93 0.87

0.25 0.86 0.83 0.75 0.73

0.50 0.69 0.68 0.65 0.64

0.72 0.60 0.60 0.60 0.59
No. 2: B =0.0005 and n = 0.56

0 1.72 1.57 1.29 1.17

0.25 1.10 1.06 0.99 0.96

0.50 0.85 0.85 0.84 0.83

0.72 0.73 0.74 0.75 0.76
No. 3: =0.0005 and n =0.42

0 2.29 2.02 1.72 1.51

0.25 1.34 1.30 1.25 1.21

0.50 1.00 1.01 1.02 1.04

0.72 0.85 0.87 091 0.94
No. 4: 8 =0.0011 and n = 0.56

0 3.78 3.45 2.84 2.58

0.25 241 2.34 2.18 2.11

0.50 1.87 1.86 1.84 1.83

0.72 1.61 1.62 1.66 1.68

2 Computed using text Eq. (11) with g, = 2.

market power has a pronounced effect on producers’
incentive to promote under fixed proportions, but con-
siderably less impact under variable proportions for
values of o beyond about 0.25 (Table 2). For exam-
ple, in scenario 1, where 8 = 0.0005 and n = 0.78, if
o = 0 the optimal/actual intensity ratios range from
1.23 under perfect competition to 0.87 under com-
bined oligopoly—oligopsony power, a 29% reduction.
If o = 0.25, the corresponding range is from 0.86 to
0.73, a 15% reduction. For values of o above about
0.50 market power’s effect on promotion incentives is
effectively neutralised.

Comparing oligopoly and oligopsony power, for
equal conjectures (0 = &) the latter has a larger im-
pact on promotion incentives, as might be expected
since ¢, < n. For example, under scenario 2, where
B = 0.0005 and n = 0.56, if o = 0.25 the inten-
sity ratio declines from 1.10 to 1.06 under oligopoly
to 0.99 under oligopsony, the latter being sufficient to
indicate overspending. If consumers are relatively re-
sponsive to promotion such that 8 = 0.0011 and n =
0.56 (scenario 4) and o = 0.25, oligopsony power re-

duces the intensity ratio from 2.41 to 2.18, compared
to 2.34 for oligopoly power. In this case, the combined
effect of oligopoly and oligopsony power is to depress
the intensity ratio to 2.11, which is only slightly be-
low the ratio for oligopsony alone. Bearing in mind
that empirical evidence suggests that 8 > & for beef,
these results suggest that oligopsony power exerts the
stronger influence on promotion incentives in the beef
marketing channel.

Overall it appears that in the case of beef, market
power is not an important determinant of promotion
incentives, at least for the levels of market power con-
templated in this study. Much more important are the
advertising elasticity, the retail demand elasticity, and
the factor substitution elasticity itself. For example,
if o > 0.50, the 1998 spending level of 28.3 mUS$
would be considered excessive for values of n greater
than about 0.5 when B = 0.0005, our ‘best-bet’
advertising elasticity. Conversely, if 8 = 0.0011,
Kinnucan et al.’s (1997) most optimistic estimate
of this parameter, intensity ratios are uniformly <1
when n = 0.56 (the parameter’s middle estimate),
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which would suggest that the observed expenditure
level is too low. For example, in this instance and
setting o = 0.72 (Wohlgenant’s (1989) estimate) the
intensity ratios range from 1.61 for perfect competi-
tion to 1.68 for oligopoly-oligopsony power, which
suggests an approximate 60% budget increase would
be needed to reach the economic optimum.

5.3. Sensitivity analysis

To shed further light on interplay between factor
substitution and promotion incentives in the presence
of market power, we conducted sensitivity analysis by
setting 8 = 0.0005 and n = 0.56, our ‘best-bet’ val-
ues for these parameters, and varying o, &p, &, and 6
as indicated in Table 3. Specifically, we set o alterna-
tively to 0.1 and 0.3, values that would appear to be
appropriate for a short-run time horizon, say 1 year
or less. Similarly, &, is set alternatively to one and
infinity, values that encompass the baseline value of
2.00 and reflect the exogeneity assumption that un-
derlies Wohlgenant’s (1993) and Zhang and Sexton’s

Table 3

(2000) analyses. The conjectural elasticities are varied
between 0.01 and their posited upper limits of 0.10 in
selected steps to identify more clearly market power
effects over the short-run time horizon contemplated
here.

The results suggest that treating Pj, as exogenous
is innocuous (Table 3). In particular, although opti-
mal/actual intensity ratios increase with &5, these in-
creases are too small to be of consequence. This result,
which is consistent with results obtained by Kinnucan
(1997) in a multi-market context, suggests that the
simpler expressions Eqs. (12) and (14) are adequate
for determining optimal intensity.

Turning to the effect of market power on promotion
incentives, the main point of this exercise, it can be
seen that o is a pivotal parameter. In particular, if o =
0.3 the intensity ratios are predominately below unity,
meaning that the program is probably over-funded.
Conversely, if ¢ = 0.1 the intensity ratios are mostly
greater than unity, implying the opposite. Comparing
Tables 2 and 3, perhaps most striking is the fact that
even modest departures from fixed proportions can

Sensitivity of the optimal generic advertising intensity to conjectural elasticities & and 6 and marketing services’ supply elasticity &5, US

beef industry, 1998

Parameter value (6)

Optimal/actual intensity when o = 0.12

Optimal/actual intensity when o = 0.3%

g, =1.0 gp = 00 g, =1.0 gp = 00

£ =10.01

0.01 1.28 1.35 0.98 1.05

0.03 1.19 1.24 0.96 1.01

0.07 1.04 1.07 0.91 0.94

0.10 0.95 0.97 0.87 0.89
£=10.03

0.01 1.25 1.32 0.97 1.04

0.03 1.16 1.21 0.95 1.00

0.07 1.02 1.04 0.90 0.93

0.10 0.93 0.94 0.86 0.88
£=0.07

0.01 1.19 1.25 0.96 1.01

0.03 1.10 1.14 0.93 0.97

0.07 0.96 0.98 0.88 0.90

0.10 0.88 0.89 0.84 0.85
£=0.10

0.01 1.14 1.19 0.94 0.99

0.03 1.06 1.09 0.91 0.95

0.07 0.92 0.93 0.86 0.88

0.10 0.84 0.84 0.82 0.33

2 Based on text Eq. (11) with » = 0.56 and 8 = 0.0005.
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have a pronounced influence on promotion incentives,
both in terms of lowering the optimal intensity, and
in terms of attenuating the market power effect. This
suggests that accurate estimation of o could have sig-
nificant payoffs in terms of improved promotion deci-
sions.

Given the attenuation in the market power effect as-
sociated with factor substitution, the question arises
as to whether the D-S rule, modified to account for
factor substitution, might be adequate for defining op-
timal intensity. To determine this, and to determine
the importance of including the ‘feedback effect’ in
the analysis, we simulated Eqs. (12)-(14) for alterna-
tive values of o ranging from 0 to 0.7 with remaining
parameters set to the values indicated in the footnote
to Table 4. Focusing first on the case where o = 0,
Eqgs. (12) and (13) both give an optimal intensity of
0.0733%. Thus, the feedback effect is negligible, as
claimed. Turning to Eq. (14), the modified D-S rule
gives an optimal intensity of 0.0893% when o = 0.
Since Eq. (14) ignores market power, the modified
D-S rule overstates the optimal advertising intensity
by 22% for the considered parameter values. However,
this overstatement decreases steadily as o increases in,
and becomes negligible for o > 0.4. Thus, in the case
of US beef it appears that the D-S rule, suitably mod-
ified to account for factor substitution, suffices to in-
dicate optimal advertising intensity. Conversely, a rule
that includes market power but excludes factor substi-
tution would cause optimal intensity to be overstated

Table 4
Optimal advertising intensities computed from different formulae
under fixed and variable proportions, US beef industry, 1998

Substitution Optimal intensities (%)? Ratio
elasticity (o) q_ﬁ}g élzes &25 é%es/&"[e 55]135/5/1;
0 (Fixed 0.0733 0.0733 0.0893 1.00 1.22
proportions)

0.1 0.0648 0.0733 0.0744 1.13 1.15
0.2 0.0580 0.0733 0.0638 1.26 1.10
0.3 0.0525 0.0733 0.0558 1.40 1.06
04 0.0480 0.0733 0.0496 1.53 1.03
0.5 0.0442 0.0733 0.0447 1.66 1.01
0.6 0.0409 0.0733 0.0406 1.79 0.99
0.7 0.0381 0.0733 0.0372 1.93 0.98

2 Computed using text Egs. (12)-(14) with g = 0.0005, n =
0.56, 6 = 0.10, 2 =0, and S, = 0.472. Note: actual intensity is
0.056%.

by a non-trivial amount for o > 0.4 (compare last two
columns in Table 4).

6. Concluding comments

The basic theme of this paper is that substitution
possibilities in the marketing channel play an impor-
tant role in determining farmers’ incentives to pro-
mote. Building on this theme, we develop a model of
oligopoly—oligopsony power in a multi-stage produc-
tion system that includes fixed proportions (Leontief)
technology as a special case. Results suggests that
food industry market power does indeed influence
promotion incentives at the farm level, as previous re-
search suggests. However, our analysis suggests that
the factor substitution elasticity o plays a pivotal role.
In particular, the inverse relationship between market
power and promotion incentives found (for example)
in Zhang and Sexton’s (2000) study is attenuated
when o > 0. In fact, the attenuation is such that for
plausible parameter values the Dorfman—Steiner rule,
suitably modified to account for factor substitution,
suffices to determine optimal advertising intensity in
the US beef sector.

Although accounting for market power does not
appear to be important in determining promotion in-
centives in the US beef sector, this does not mean
that market power per se is unimportant. In particu-
lar, study results suggest that owing to the inelastic
demand for beef, even a modest degree of oligopoly
power (as measured by the Lerner index) can have sig-
nificant negative effects on demand at the farm level.
In fact, if generic advertising makes retail demand less
price elastic, as might be expected if it emphasises
product differentiation, this advertising might be coun-
terproductive in that the oligopoly distortion would
be exacerbated. Empirical evidence to date suggests
beef advertising has not affected the demand elastic-
ity (Brester and Schroeder, 1995, pp. 975-976). Still,
this is a point that program managers might want to
bear in mind when developing future campaigns.

A caveat in interpreting our results is that they are
based on the assumption that the retail demand elastic-
ity is unaffected by changes in market power. Although
we do not believe this assumption to be limiting, it
needs to be tested before one can have complete confi-
dence in the accuracy of the results. In the meantime,
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study results showing a strong inverse relationship be-
tween optimal intensity and o suggest that taking fac-
tor substitution into account could lead to improved
generic advertising decisions. The model presented in
this paper provides a framework for analysing such de-
cisions in instances where middlemen possess market
power, advertising funds are raised through a per-unit
assessment on farm output, and the price of marketing
services is endogenous.
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Appendix A. Theoretical restrictions on Lerner
indices

Since constant returns to scale implies that factor
payments exhaust industry revenue in perfectly com-
petitive equilibrium, it should not be surprising that
CRTS places restrictions on ¥ and §2 in imperfectly
competitive equilibrium. To derive these restrictions,
note first that by Euler’s theorem text Eq. (2) can be
rewritten as:

X = faa+ fob: (A-D

Substituting text Egs. (3) and (4) into this expression
yields:

(1 =) Pyx = Pya(l + £2) + Ppb,
which may be expressed alternatively as:
Pox=Pua+ Pob+ 1 (A.2)

where m = WP, x+$2P,a is the excess profit (or ‘rent’)
due to market power. Since this profit cannot exceed
retail value, it follows immediately that ¥ has an upper
limit of 1. In fact, since payments to a constitute a
significant share of retail value and marketing costs

are unavoidable, ¥ and §2 are both expected to be
considerably <1 in most situations.

To see this more clearly we first divide Eq. (A.2)
by P.x to yield:

1 =8+ Sy +¥ + 28, (A.3)

From Eq. (A.3), if (for example) the farm share is
0.50 and marketing services’ share is 0.30, then ¥ +
0.5£2 = 0.2. In this case, ¥ has an upper limit of 0.2
and £2 of 0.4. As supply and demand for agricultural
products are generally price inelastic, these limits may
explain why point estimates of £ and 8 tend to be tiny
when measured at the national level. (In local markets,
supply and demand elasticities (and, therefore, & and
6) can be large due to small-trader effects. For an
insightful discussion of this issue in an oligopsony
context, see Sexton (1990).)

To impose restriction Eq. (A.3) it is convenient to
rewrite the expression as follows:

_ 5+ 2/0 -9+ S

1 , A4
-9 (A4)

or, more compactly,

1 = k), + kp, (A.5)

where «, = So(1 + 2)/(1 = ¥) and kp = Sp/(1 — W)
are ‘value-share’ terms (to use Waterson’s (1980) ter-
minology). In this study, restriction Eq. (A.5) is im-
posed by setting k, = 1 —«/, as noted in Appendix B.

Finally, Holloway (1991, p. 983) defines the
value—share terms as follows:

_Si6+m)
n

I=a,b,

i
which, in our notation, are equivalent to:
w=80-¥ i=a,b. (A.6)

That Eq. (A.6) is problematic can be seen by imposing
the restriction that w, + wp = 1 to yield:

>1

Sa+Sb=(1_q/)_

k]

which implies that oligopoly power increases factor
payments. This neither accord with economic logic,
nor is it consistent with Eq. (A.3), which implies that
S, + S, < 1. Thus, we conclude that Holloway’s
(1991) definition is incorrect.
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Appendix B. Derivation of Egs. (3') and (4')

Here we derive Eqgs. (3') and (4), and in the pro-
cess show that the equations’ ‘coefficients’ are prop-
erly interpreted as parameters. The first step is to note
that by CRTS the following identity holds (see, e.g.
Silberberg, 1978, p. 316):

fab = fba = fafb

xo
where f;; are second-order partial derivatives of
Eq. (2).

Eq. (3') may be derived by first expressing Eq. (3)
in terms of percentage changes as follows:

PP (1+2)* =P+ £+ (1—0)* (B.2)

(B.1)

Since §2 and ¥ are parameters, it follows immediately
that:

d(1+ £2) ds2

I+ = aI+92 (1492
2 iTe) .
[ (&) e o
(1 — »* d(l ) _ —dv
(1—-v 1+w
W dw .
- {(1—%]( )=_"W ’
(B.3b)

where e and ny are fixed constants.
Turning to the f; term in Eq. (B.2) and noting that
fa = fa(a, b) we have:

dfa  (faada + fapdb)

Ja = Ja B Ja
or, equivalently:

* faa\ « bfab) b* B4
=) (%) ®H

where (afaa/fa) < O and (bfwp/fa) > 0 are
‘elasticities’ that indicate how small percentage
changes in a and b translate into percentage changes
in a’s marginal product. Since Eq. (B.4) is homoge-
nous of degree zero (by Euler’s theorem), these elas-
ticities must sum to zero. Hence, imposing afy,/f, =

—bfap/ fa we have:

() ()

(B.4a)

The second-order cross partials are eliminated from
Eq. (B.4a) by substituting Eq. (B.1) to yield:

(%) +(2)
X0 X0

To eliminate f; from Eq. (B.4b) we substitute text
Eq. (4) to yield:

* __ Sb * Sb *
e e R G L

In this study, Sj is treated as endogenous, dependent
on the initial equilibrium value for farm share and
the posited values of the Lerner indices. In particular,
as shown in Appendix A (Eq. (A.3)), the cost—share
variables and market-power parameters are related as
follows:

Sp=1-¥ — 85,1+ £) (B.6)

(B.4b)

where S, is set to its value in initial equilibrium.
Substituting Eq. (B.6) into Eq. (B.5) and combining

terms yields:
1—« 1—«
fa=- [——( K“)] o + [—( K“)] v, B
o o
where k), = S2(1+£2)/(1—¥). Substituting Egs. (B.7)
and (B.3) into Eq. (B.2) and rearranging gives:

—_— [a K)] [a a>]
o o
+ Pj — ng¥* — e 2%, (B.8)

which is identical to Eq. (3). Since the S, term in «,
is fixed at its initial equilibrium value, the bracketed
terms in Eq. (B.8) are properly regarded as fixed co-
efficients, as are ny and eg.

Turning to Eq. (4), this equation may be derived
in a similar fashion by first expressing Eq. (4) in per-
centage changes as follows:

Py = P; + ff + (1 —w* (B.9)

Noting that f, = fu(a, b) the f; term in Eq. (B.9) is
equivalent to:

v [ Hoa\ & (Yo .«
fb_(fb)a+<fb)b

Imposing homogeneity and substituting Eq. (B.1)
yields:

* __ a_ﬁl_ * fl& *
e (%) ():
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Substituting Eq. (3) to eliminate f, yields:
fr = So(1+ £2) o So(1+ £2) b*,
(1-¥0o (1 —-wo

which may be written more compactly as:

i=(3)e ()

Substituting Eqgs. (B.10) and (B.3b) into Eq. (B.9)
yields:

. K, K,
pr = l)g*—(;")b*+Pf—nw¥’*, B.11)

(B.10)

o

which is identical to Eq. (4'). For the reasons cited
earlier, the coefficients of the asterisked terms in
Eq. (B.11) are properly regarded as fixed constants.
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