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Some Observations on Measuring Returns to
Promotion in Vertical Markets

Henry W. Kinnucan

Roley Piggott's paper, along with the related papers appear-

ing in the American Journal of Agricultural Economics (Piggott,
Piggott, and Wright) and in the recent NEC-63 proceedings volume
(Alston, Chalfant, and Piggott), illustrate nicely the usefulness of
equilibrium displacement models for commodity promotion evalua-
tion. The papers merit careful reading and study.

I have little to quibble with except noting the models devel-

oped by Piggott and collaborators do not take explicit account of the

marketing channel. This is evident in the market-clearing condi-

tions, which equate changes in retail and farm quantities without

regard to the processes, technological and otherwise, used to convert

live animals to products that you or I might find appetizing. Al-

though ignoring the marketing channel is perhaps understandable

given the other complexities addressed by the models, the omission

of marketing group behavior introduces biases that could vitiate the
analyses.

So my remarks will focus on the implications of ignoring the
marketing channel when evaluating promotion in a vertical market
setting. First, I develop a model that shows farm-level impacts of
ignoring the marketing channel when the advertised good is sepa-
rable from all other goods. I then generalize the model by re-ex-
pressing the model in matrix notion incorporating demand interrela-
tionships. A key insight from the analysis is that ignoring the mar-
keting channel is tantamount to assuming a Leontief marketing tech-
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nology and unitary farm-retail price-transmission elasticities. The
assumptions, if false, introduce bias into the reduced form elastici-
ties for farm price with respect to advertising, key parameters from a
policy perspective. Fortunately, the direction of the biases are off-
setting, so the reduced form elasticities in Piggott's paper might still
be accurate.

It would be preferable, however, to start with assumptions
that are unassailable, or to have a model with assumptions that can
be relaxed to assess effects on inferences. The model developed in
this paper relaxes the assumptions of fixed proportions and unitary
transmission elasticities, yet reproduces the Piggott model in an el-

egant and simple fashion. This added flexibility, however, comes at

a price: only Leontief and Cobb-Douglas marketing technologies are
permissible. The advantage of the reformulated model inheres not

so much in its ability to pinpoint the returns to promotion, but to

show how assumptions about marketing technology and marketing

margin behavior affect benefit-cost ratios.

Basic Model

I begin with a Muth-type equilibrium-displacement model of
an isolated vertical market. Advertising is assumed to occur in the
retail market and returns are to be measured in the farm market.
Following Nerlove and Waugh, I treat advertising as an exogenous
lump-sum expenditure. Advertising costs, therefore, are considered
separately from benefits. The basic model is

(1) dlnQ = - N dlnPr + B dlnA (retail demand)

(2) dlnX = E dlnP
f 

(farm supply)
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(3) dlnP = T dlnPf
(farm-retail price linkage)

(4a) dlnQ = dlnX (Leontief market-clearing)

(4b) dlnQ = dlnX + dlnPf - clinPr (C-D market-clearing)

where dlnY = dY/Y is the relative change in variable Y; Q is quantity

demanded at retail; X is the quantity supplied at the farm level; P r is

retail price; P1 is farm price; A is advertising expenditures; N is the

absolute value of the retail level demand elasticity; B is the advertis-

ing elasticity; E is the farm level supply elasticity; and T is the farm-

retail price-transmission elasticity. The model consists of four en-

dogenous variables, Q, P,, X, Pr and one exogenous variable, A.

Given the negative sign in (1), N, E, T and B are assumed to be

positive.

The price linkage equation (equation (3)) may be thought of
as a quasi-reduced form that reflects the behavior of middlemen
(Hildreth and Jarrett). That the equation depicts accurately the rela-
tionship between retail and farm price rests on the assumption that

forces causing the two prices to change (e.g., shifts in retail demand

or farm supply) exert their influences separately rather than in com-

bination (Gardner, p. 404). If this is not the case, a more compli-

cated form of the price-transmission equation may need to be speci-

fied (Wohlgenant and Mullen).

The equilibrium mechanism in the model (equations (4a) and

(4b)), derived in the appendix, indicates market-clearing under two

alternative marketing technologies. One technology is fixed propor-

tions (Leontief). In this case, changes in equilibrium quantities at

farm and retail-level are identical and equation (4a) applies. An
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alternative assumption is Cobb-Douglas (C-D) technology. In this

case, changes in equilibrium quantities at the two market levels in

general are not equal, and (4b) applies. The technologies appear to

cover the range of substitution possibilities observed in food market-

ing systems. Empirical estimates of the substitution elasticities for

major food groups range from a = 0.11 (poultry) to a = 0.96 (dairy)

(Wohlgenant 1989, p. 250).

The first task is to determine the effect of marketing technol-

ogy on the ability of advertising to raise farm prices. This entails

comparing the reduced form equations for farm price under the two

technologies. The reduced form under Leontief technology is de-

rived by substituting equations (1) - (3) into (4a) and solving for

clinPf• 
•

(5a) dlnP
f
= [B/(E + TN)] dlnA.

Equation (5a) yields the hypothesis that an increase in advertising,

under the stated conditions, always increases farm price if marketing

technology is Leontief. The equation indicates that the price en-

hancement ability of advertising is directly related to the advertising

elasticity and inversely related to the supply, demand, and price-

transmission elasticities. This result is consistent with the Dorfman

and Steiner theorem and with the Nerlove and Waugh analysis, pro-

vided that the composite term TN in (5a) is interpreted as the farm

level demand elasticity, a valid interpretation under fixed propor-

tions (Gardner, p. 404).

The reduced form equation for farm price under C-D tech-

nology is obtained by substituting equations (1) - (3) into (4b), which

yields:
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(5b) dlnP
f
= {B/[E + TN + (1 -1)]) dlnA.

Comparing (5a) and (5b), it is evident that marketing technology has
an important bearing on the ability of advertising to raise farm price.

In particular, relaxing the assumption of fixed proportions weakens
advertising's price effect. The price effect, in fact, is indeterminate
without information on the magnitudes of the supply, demand, and
price-transmission elasticities.

The conditions necessary for advertising to raise farm price
under variable proportions can be determined by focusing on the
denominator of (5b). Simple inspection yields the hypothesis that
clinPidlnA >0 so long as 0 < Tsl. Empirical literature suggests this
condition is met for most food items. George and King (p. 62), for
example, report transmission elasticities for 32 commodities, only
seven of which exceed unity. Of the seven, six (shortening, evapo-
rated milk, sugar, canned corn, canned tomatoes, corn meal) are for
minor products that tend not to be promoted by farm groups. The
estimated transmission elasticity for the remaining product, cheese,
which is heavily promoted, is 2.74 (George and King, p. 62). Recent
estimates, however, place the cheese transmission elasticity at 0.58
or less (Kinnucan and Forker, p. 289).

Algebraic manipulation of (5b) yields two additional condi-
tions that insure a positive price effect under variable proportions.
One condition is N 1. This condition in general is not satisfied
because most empirical studies indicate food demands are price in-
elastic at retail (e.g, Huang). However, farm groups promote a large
number of specialty products (e.g., citrus, raisins, prunes, wine, al-
monds, peaches, grapes, catfish -- see Forker and Ward, pp. 102-03
for a complete listing) whose retail demands may well be elastic.
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For these commodities, theory predicts a positive relationship be-
tween advertising and farm price--whether or not input substitution

occurs.

The second condition derived from algebraic manipulation

of (5b) pertains to the situation where T> 1 and retail demand is

inelastic. In this case, (5b) is positive provided that T< (1 + E)I(1 -

N). This condition implies, for example, that if E=N= 0.5, dlnPi
dlnA > 0 so long as T < 3.0. With the exception of canned corn,
George and King's estimates of Tare all less than 3.0. Thus, even if
T>1 and retail demand is inelastic, it would take an unusually large
transmission elasticity to cause the price effect of advertising in (5b)

to turn negative.

Owing to the importance of the price-transmission elasticity

in determining the direction and magnitude of advertising's price

effect, it is of some interest to know what factors govern the behav-

ior of this key parameter. Gardner (p. 403, equation (18)) derives

the following theoretical expression for T that is valid in situations

involving isolated shifts in retail demand, the relevant case for ad-
vertising:

(6) T= (u+ Sx e Sni E) /(a+ e in

In this expression, a is the elasticity of substitution between farm-

based input and the bundle of marketing inputs; Sx and Sm are cost

shares for the farm-based and marketing inputs, respectively; ein is

the supply elasticity of marketing inputs; and E is the previously

defined supply elasticity for the agricultural input.

Equation (6) is a general expression for the transmission elas-
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Table 1.Elasticity of Farm-Retail Price Transmission: Theoretical

Values and Implied Restrictions for Isolated Shifts in Retail Demand

Theoretical Value Restriction

T = (a + Sx en,+ SE) 1(a + en,) CRTS marketing technology

T = (Sx e,,,+ Sin E) 1 en, Leontief marketing technology

T = (1 + Sx e,,,+ 5,,,E) 1(1 + em) Cobb-Douglas marketing technology

T = 1 E = e,,,, constant percentage markup

T<1 E <

T = --> 00, constant absolute markup

ticity under conditions of competitive market-clearing and constant

returns to scale (CRTS). The present analysis can be specialized by

setting a = 0 (Leontief technology) or a = 1 (C-D technology) as

noted in Table 1.

Two special cases of particular interest are T= 1 and T=i."x.
The former obtains when E=e . This case is of interest because it
suggests that retail-level demand elasticities can be used to measure
farm-level returns (Piggott, Piggott, and Wright) only in the special
case that the supply elasticities for the agricultural and marketing
inputs are equal. This equality is a stringent condition. The second
case, T = Sx, obtains when the supply curve of the marketing inputs is
horizontal, a common assumption in vertical market theory (e.g.,
Wohlgenant, 1989, 1993; Holloway). Employing this assumption,

for example, Wohlgenant (1993, p. 645, equation (5)) obtained the
following reduced form (in my notation) in his analysis of advertis-
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ing based on duality concepts:

(5c) dlnPf = [B/(E S xN + (1 - a] dlnA

Comparing equations (5a), (5b) and (5c), it is evident that the equa-
tions are consistent. In particular, equation (5c) reduces to (5b) if a
= 1 and to (5a) if a = 0 and the supply schedule for marketing ser-
vices is nonhorizontal. This illustrates a key advantage of the model
developed in this study: it provides a flexible method of representing
the range of input substitution relationships that appear to be rel-
evant to the food system without imposing the assumption that the
price of marketing inputs is exogenous.

Incorporating Demand Interrelationships

Demand interrelationships can be incorporated into the analy-

sis with some rather straightforward matrix algebra. For this pur-

pose, the structural model can be rewritten (deleting the Leontief

market-clearing condition -- this drops out as a special case of C-D

market-clearing) as:

(7) I dlnQ = N dlnP + B dlnA

(8) I dlnP = T dlnW

(9) I dlnX = E dlnW

(10) I dlnQ = I dlnX + I dlnW - I dlnP

where I is an identity matrix; N is a square matrix of retail-level

demand elasticities; B is a square matrix of advertising elasticities; T
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is a square matrix with price-transmission elasticities along the main

diagonal and zeroes elsewhere; E is a square matrix with farm-level

supply elasticities along the main diagonal and zeroes elsewhere;

dlnQ is a vector of retail quantity changes; dlnP is a vector of retail

price changes; dlnX is a vector of farm-level quantity changes; dlnW

is a vector of farm-level price changes; and dlnA is a vector of ad-

vertising changes. Letting n denote the number of commodities in

the system, all matrices are n x n and all vectors are n x 1.

The reduced form equation for farm price is obtained by sub-

stituting equations (7) - (9) into (10) and collecting terms, which

yields:

where

C dlnW = B dlnA

(11) C=(E-TN-F(I-T)o).

The a term in (11) is a scaler to indicate whether marketing technol-

ogy is Leontief or C-D. In particular, for C-D marketing technol-

ogy, a = 1; for Leontief technology a =0. In the latter case, the (I -

T) term in C disappears, because it has to indicate Leontief technol-

ogy (compare (5a) and (5b)). Premultiplying the above expression

by C-' gives the reduced form for farm price:

(12) dlnW = C-1 B dlnA

Equation (12) can be made more intelligible by considering the case

in which n = 2, and only the first good advertises. In this case, the

own-price effect is:



Table 2.Parameter and Baseline (1990) Values for U.S. Beef, Pork, and
Poultry Industries

Parameter/Variable Definition  Value 

Beef Pork Poultry

N Demand elasticitylj 
w.r.t. beef pricea -0.481 0.594 0.269

Demand elasticityN2i
w.r.t. pork pricea 0.330 -0.633 -0.082

N
3j 

Demand elasticity
w.r.t. poultry pricea 0.113 -0.062 -0.136

Bi Advertising elasticity
w.r.t. beef advertisinga 0.00287 0.0 -0.00360

E. Farm-level supply
elasticity 0.15" 0.40e 0.31d

Sxi Farmers' share of retail
dollare 0.60 0.41 0.51

Elasticity of supply of
In 

marketing services f .5, 2,00 .5, 2,00 .5,

Elasticity of retail-farm
price transmissiong

A Beef advertising
expenditures (mil $)" 30.0

p. Retail price ($/lb)' 2.81 2.13 0.90

Q. Retail quantity
(lbs/capita)i 67.0 51.1 83.4

Pi Q. Total consumer
expenditures (bit. doll' 46.5 26.9 18.5

Sources:a Kinnucan, Xiao, Hsia; "Ospina and Shumway; cLemieux and
Wohlgenant; dAradhyula and Hollywood; eDunham, p. 5; 'Assumed
values; g To be computed from equations given in Table 1; h
Leading National Advertiser, Inc.; 1Duewer et al., Table 3, 1990
figure; iDuewer et al., Table 2, 1990-92 average; k Based on a U.S.
1990 population of 246.9 million.
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(13) dlnW1 = { (B11 (E2+L22) + B21 T2 N12)/

((E1 + Li 1)(E2i-L22) - T2 N12 T1 N21)) dinAi

where i indexes the good, Qi and Pi refer to retail quantities and

prices; Xi and Wi refer to farm quantities and prices; and A1 is adver-

tising for good 1. The parameters E1 and E2 are farm-level supply

elasticities; N12 and N21 are cross-price elasticities; B11 is the own-

advertising elasticity; and B21 is the cross-advertising elasticity.

The Lii term in (12) is:

Lii= Ti Nii - (1 - Ti) a

where Nii is the retail-level own-price elasticity for good i and a

equals the previously defined scaler.

Equation (13) highlights the complexity that demand interre-

lationships bring to the analysis. Even in a relatively simple case

with two goods, it is difficult to tell how advertising affects farm

price without some simplifying of assumptions. One plausible as-

sumption is that cross-price and cross-advertising effects are small

compared to their corresponding direct effects. In this case, and

assuming that cross-advertising and cross-price effects are negative,

the numerator and denominator of (13) tend to be positive, yielding

the hypothesis that own-advertising increases own-price at the farm

level.

The key point to note about (13), however, is the ease with

which fixed and variable proportions can be analyzed in the model.

In particular, to obtain the price effects under fixed and variable
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proportions, the analyst merely sets a in (11) to zero and one, re-
spectively. If empirical estimates of the transmission elasticities are
unavailable, the appropriate expressions from Table 1 can be substi-
tuted for Ti. For example, if the supply schedule for marketing ser-
vices is horizontal, the Ti in (8) are set to the Sxi pertaining to the ith
commodity. If this assumption is not acceptable, the diagonal ele-
ments of T in (8) are replaced with the appropriate formula from
Table 1 and sensitivity analysis is performed using alternative val-
ues for en,. The appropriate formula for Ti when a = 1, for example,
is the formula in Table 1 corresponding to C-D technology.

Application

A key finding from the foregoing analysis is that ignoring
the marketing channel in a Muth-type equilibrium displacement model
implicitly assumes (i) the (industry) marketing technology is Leontief
and (ii) the price-transmission elasticity is unity. Although empiri-
cal evidence suggests that assumption (i) might hold in some situa-
tions (e.g., poultry in the United States, see Wohlgenant, 1989, p.
250), assumption (ii) appears implausible because it implies input
supply elasticities are identical. Because theory suggests the biases
introduced by each assumption work in opposite directions, the ques-
tion becomes: what are the practical consequences of ignoring the
marketing channel?

To address this question, I simulated equations (7) - (12) us-
ing parameters and baseline data for the U.S. meat industry as indi-
cated in Table 2. The demand and advertising elasticities were esti-
mated from a Rotterdam model using quarterly data for the period
1976.11 through 1991.111. The estimates were Hicksian elasticities,
which approximated Marshallian elasticities, owing to the small bud-



Table 3. Producer Welfare Impacts of 10 percent ($3 million) Increase in Beef Advertising Under
Alternative Assumptions about the Marketing Channel ( T), Processing/Marketing Technology
(al), and the Supply of Marketing Services (em), United States, 1990

Commodity
Ti= 1.0 61=a2=63=1 =a

2 
=a =0

1  3 =a=1.a=0
1 2 3

e =.5 e = 2 e =e). e=.5 e = 2 e e=.5 e = 2 e
M /71 M in m in

Simulation 1:  Million Dollars 
Beef 7.5 7.8 8.4 8.2 10.7 13.1 13.8 7.5 6.8 5.9
Pork 1.6 1.4 1.0 0.7 1.7 2.1 2.2 1.4 1.0 0.7
Poultry -7.2 -6.4 -4.7 -3.7 -7.6 -8.0 -8.2 -7.6 -8.3 -8.6
All 1.9 2.8 4.7 5.2 4.8 7.2 7.8 1.3 -0.5 -2.0

Simulation 
Beef 7.9 7.4 7.4 7.2 8.6 10.7 11.6 7.4 7.1 6.4
Pork 1.0 1.0 0.7 0.4 0.8 1.0 1.1 1.0 0.7 0.4
Poultry -4.2 -4.4 -3.4 -2.8 -4.1 -4.4 -4.6 -4.1 -4.5 -4.7
All 4.7 4.0 4.7 4.9 5.3 7.3 8.1 4.3 3.3 2.1

Note: Simulation 2 uses twice the supply elasticities in Table 2.
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get shares for meat items in the U.S. consumer budget. The esti-
mates indicated that the demand for beef, pork, and poultry was price
inelastic at retail, a finding consistent with the bulk of the empirical
literature on U.S. meat demands. Because the simulations to be per-
formed related to an isolated increase in beef advertising, the adver-
tising elasticities listed in Table 2 pertain only to beef advertising.
The elasticities were for generic advertising sponsored by the Na-
tional Livestock and Meat Board. The own-advertising elasticity
was 0.00287, the cross-advertising elasticity with respect to poultry
was -0.00360. Apparently, beef advertising had no direct effect on
pork demand, as the cross-elasticity with respect to pork was zero.

The farm level supply elasticities, which were taken from the
published literature as indicated in the footnote to Table 2, were 0.15,
0.40, and 0.31 for beef, pork, and poultry, respectively. To gauge
the sensitivity of results to supply response, simulations were per-
formed for two scenarios: a "short-run" scenario based on these
supply elasticities, and a "long-run" scenario that doubled the elas-
ticities. The supply elasticities of marketing inputs were set alterna-
tively to 0.5, 2.0, and infinity, as empirical estimates for these elas-
ticities were unavailable. Wohlgenant assumed the supply elasticity
for marketing inputs related to meats was infinite; Gardner in his
simulations seemed to prefer a value of 2. The value of 0.5 was used
to gauge the sensitivity of results to the full range of possible values
of em, from inelastic to perfectly elastic.

The farmer's share of the retail dollar and baseline values for
prices, quantities and industry revenues was obtained from various
USDA publications as reported in the footnotes to Table 2. The
baseline year was 1990 because the span falls within the time period
of the estimated advertising responses. The transmission elasticities



••••

Table 4.Marginal Benefit-Cost Ratios for Increased Beef Promotion Under
Alternative Assumptions about Processing/Marketing Technology
(a)and the Farm-Retail Price Transmission Elasticity (Ti), U.S. Beef
Industry, 1990

Length of Run Ti= 1 Ti= S:

6=6
2
=16

3
=0 a123_1=1 Cr/=0*2=a3=01 

Short Run 2.5 2.0 2.7 6.9

Long Run 2.6 2.1 2.4 3.9

Note: T.= 1 implies marketing technology is fixed proportions and
'demand elasticities at farm and retail are identical. T. =
implies that the marketing services supply schedule is
horizontal.

were calculated using the foregoing parameter values for S:, em, and

E (note: S: = (1 - Smi) and the equations in Table 1 (row 2 for fixed
proportions; row 3 for variable proportions).

To assess bias, I focused on the quasi-rents associated with a

10 percent increase in beef advertising. The quasi-rents generated

by the advertising increment were measured using the following equa-

tion:

(14) APSi= Sxi P, Q1 dlnWi (1.0 + 0.5 dlnXi)

where APSi equals the change in producer surplus in the beef sector

associated with a 10 percent increase in beef advertising and Sixi, Pi,

and Qi are as defined in Table 2. Equation (14) implicitly assumes

that advertising generates parallel shifts in linear demand schedules,

an assumption deemed innocuous if equilibrium displacements are

small (Alston, Norton, and Pardey, 1995, pp. 48-50).
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Simulation Results

The simulation exercise proceeded as follows. First, I simu-

lated the model with Ti= 1 for all i. This simulation imposed the

twin assumptions that marketing technology was Leontief and trans-

mission elasticities were unity. I then simulated the model under

three scenarios about marketing technology: (i) all industries were

C-D; (ii) all industries were Leontief; and (iii) beef and pork were C-

D, poultry was Leontief. (Poultry was assumed to be Leontief be-

cause Wohlgenant (1989, p. 250) found the substitution elasticity

for poultry to be zero.) For each of these scenarios, I entertained the

three hypotheses about the value of e, as previously indicated. The

foregoing simulations were then repeated, only this time doubling

the size of the supply elasticities listed in Table 2.

Results confirmed the direction of the biases suggested by

theory. That is, when technology was fixed proportions, the adver-

tising effects were more pronounced than when technology was vari-

able proportions (Table 3). If technology was Leontief and trans-

mission elasticities were less than unity, imposing Ti= 1 will cause

advertising effects to be downward biased (compare column 1 with

columns 5-7 in Table 3). The biases were smallest when the supply

elasticities for the farm-based and marketing inputs were similar (e.g.,

E2= 0.40 and e 0.50 for pork), as expected given that Ti= 1 if Ei =

en,. Biases tended to be reduced as the length of run was increased

(compare top and bottom halves of Table 3).

The supply elasticity for marketing services had an impor-

tant effect on the measured welfare impacts. The general pattern for

the "pure technology" cases, i.e., cri = 0 or cri = 1 for i, was for the

direct (internal to the beef industry) welfare impacts to decrease with
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increases in the supply elasticity of marketing inputs. The economic
interpretation of this result was that the relative scarcity of the farm-
based input increased as the supply elasticity for marketing inputs
became larger. This caused the farm price of the advertised good to
rise by more than the marketing inputs' price because advertising
increased retail demand.

If technology was mixed (al = a2 = 1, a3 =0) and marketing
inputs' supply was inelastic, the welfare impacts of increased beef
advertising were positive and were close to the measured impacts
when T1=1. This latter result determined whether farm supply was
relatively inelastic or relatively elastic. However, if marketing in-
puts were elastically supplied--the usual assumption--the collective
welfare impacts of increased beef advertising were positive only in

the "long-run." In the "short-run," owing to the magnified negative

effects of beef advertising on poultry when poultry technology was
Leontief, returns to the meat industry as a whole were negative. The

Ti= 1 simulation, by contrast, showed collective impacts to be posi-
tive regardless of length of run.

The overall conclusion was that the T.1 assumption is prob-
ably not a bad one if the "truth" lies between the Cobb-Douglas and
"mixed" technology simulations presented in Table 3. If, however,
industry technology was Leontief, the Piggott model was likely to
produce severely downward biased estimates of returns to advertis-
ing.

Benefit-cost ratios are commonly reported in empirical ad-
vertising literature. For example, Ward and Lambert (p. 462) esti-
mated the benefit-cost ratio for beef advertising in the United States
to be 5.7:1. Benefit-cost ratios for this study were computed by
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dividing the numbers in Table 3 by $3 million, the incremental cost

of increased beef advertising. Table 4 contained B-C ratios for beef

assuming (i) Ti= 1 and (ii) T = sxi. The latter scenario implied that
the supply schedule for marketing inputs was horizontal, a main-

tained hypothesis in Wohlgenant's (1993) analysis of beef and pork

advertising. For each case, both the "short-run" and the "long-run"

B-C ratios were computed, where the lengths of run were as previ-

ously defined.

The B-C ratios in Table 4 reinforced the earlier point that if

marketing technology was variable proportions, the biases associ-

ated with assuming Ti = 1 may be sufficiently self-cancelling and

leaving no cause for concern (the B-C ratios for Ti = 1 and Ti = S:

were similar so long as ai = 1 for at least two commodities).

The second point to note was how the B-C ratios in Table 4-

(2:1 - 7:1) encompassed Ward and Lambert's estimate of 5.7:1, de-

spite very different methodologies used in the two studies. This

increases confidence in the accuracy of the results presented in Tables

3 and 4 and in Ward and Lambert's analysis. That Ward and

Lambert's B-C ratio fell on the high side of my estimates can be

explained by the fact that the Ward and Lambert analysis assumed

fixed supply and did not account for advertising spillover and feed-

back effects. With these restrictions relaxed, advertising effects are

expected to be attenuated.

Concluding Comments

Muth-type equilibrium displacement models (EDMs) permit

a more thorough analysis of commodity promotion programs than

possible with econometric models used in isolation. However, when
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specifying EDMs, it is essential to take into account the important

market interactions, vertical as well as horizontal. Otherwise, the
results might be misleading.

Ignoring the marketing channel as Piggott did gives rise to
two biases, one associated with marketing technology and another
with marketing group behavior. Fortunately, the biases work in op-
posite directions, so the "bottom line" results (e.g., reduced form
elasticities) may still be "within the ballpark." However, getting the
assumptions right to begin with is a preferable approach. The refor-
mulated model presented in this paper appears to hold promise be-
cause it relaxes the implicit assumptions of the Piggott model, yet
captures the horizontal and vertical market interactions that are es-
sential to accurate benefit-cost analyses of commodity promotion
programs.

Appendix:

Derivation of Market-Clearing Conditions Under Variable
Proportions (Cobb-Douglas Technology)

First, define initial equilibrium as:
(A.1) Qd=kX,

where Qd is the quantity demanded at retail; Xs is the quantity sup-
plied at the farm level; and k is the number of units of retail product
per unit of the farm product, i.e., k = Q IXd, where Qs is the quantity
supplied at retail, and Xd is the quantity demanded at farm. k hereaf-
ter is referred to as the "dressing percentage."

Recognizing that in competitive equilibrium Qd = Qs= Q and.
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Xs= Xd = X, the logarithmic total differential of (A.1) yields:

(A.2) dlnQ = dlnX + dlnk

where k= QIX (average product). Equation (A.2) indicates that the

relationship between changes in equilibrium quantities at two mar-

ket levels depends on the behavior of the dressing percentage. Two

special cases of interest in this paper are (i) the dressing percentage

is a constant and (ii) the dressing percentage varies, but in a manner

consistent with Cobb-Douglas processing/marketing technology. A

constant dressing percentage implies that din (QIX) = 0, which is

consistent with a Leontief processing/marketing technology (Cham-

bers, p.16). In this case, (A.2) reduces to:

(A.3) dlnQ = dlnX (Leontief market-clearing)

To derive the market-clearing condition under Cobb-Douglas mar-

keting technology, consider the production function:

(A.4) Q= X AV-0

where the as yet undefined variable M is a bundle of market inputs

and 0 < c 1. The implications of (A.4) for the behavior of the

dressing percentage is determined by solving the production elastic-

ity c (= (3wax )1k) for k, which yields k = 00ax yc. Under the

maintained hypothesis of competitive markets, inputs are paid the

value of their marginal products. Thus, k= (131IP, )(1/c). The total

derivative of this expression is:

dk = d(Pf IP„) (1 lc) + d (1 lc) (PflP„)
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Setting d (1/ c) =0 (the production elasticity is constant), and divid-

ing both sides of the above expression by k yields:

(A.5) dklk=[d(PflPr) (1 lc)] I [(P1lPr )(1 lc)]

dlnk = dln(Pf /Pr ) = dlnPf - dlnPr

Substituting (A.5) into (A.2) yields:

(A.6) dlnQ = dlnX + dlnPf - dlnPr (C-D market-clearing)

QED
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