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New Varieties and the Returns to
Commodity
Fuji Apples

Timothy J. Richards

Promotion: The Case of

and Paul M. Patterson

The Fuji apple variety is relatively new in the U.S. As a new product, questions concern the

relative impact of consumer learning by experience, by variety-speciiic promotion, or by

generic apple promotion. A two-stage (LEWLAIDS) model incorporating both types of

promotion is used to estimate the effect of generic and variety specific promotion, as well as

consumer experience, on the demand for Fuji apples. Estimates show each to have a positive

impact, and also show new or specialty apple varieties to be relatively price inelastic, but

income elastic. Grower returns to promotion are calculated with an equilibrium displacement

model of price changes and producer surplus. Changes in producer surplus provide a

base-scenario benefit:cost ratio of 6.33:1.

According to the Washington Apple Commission
(WAC) advertising campaign slogan, 1997 was the
“Year of the Fuji.” Developed in Japan in 1958,
growers in Washington state began growing Fujis
in 1990. However, with nearly 11,000 bearing
acres in 1997, Fujis became the third most popular
apple in the state. Faced with marketing a product
that had increased from virtually no supply at the
beginning of the decade, to 3.1 million cartons in
1995–96, and to 6.9 million in 1996–97, Washing-
ton apple growers recognized the need for a Fuji-
specific promotional campaign. This variety-
specific focus is relatively unique among commodi-
ty promoters because, in many respects, it
represents an attempt to establish a brand identity
for what is usually regarded as a homogeneous
commodity.

Consequently, there was some concern as to
whether this campaign would be as effective as
previous generic-promotion efforts (Ward 1993),
Apple varieties are like brands in that they identify
a subset of a product category whose members are
likely to share more characteristics in common
with each other than other members of the cat-
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egory. To the extent that variety-advertising is able
to build and reinforce a favorable impression of
these characteristics among consumers, then it is
likely to be effective. However, there is some ques-
tion of the viability of variety-specific promotion
given the wide variation in quality from shipment-
to-shipment. Further, like most fruits and veg-
etables, apples are experience goods, so purely in-
formative promotion is not likely to be as effective
as efforts designed to induce trial purchases and to
build reputation (Nelson). Once consumers buy a
certain type of apple, their experience and word-
of-mouth may be enough to establish a market for
the variety. Moreover, the relative importance of
search and experience, or learning, differs between
new and established varieties (Day). As a product
moves along its life cycle of growth, maturity, and
decline, search activities become less important
than momentum built from past sales. Further, the
dynamics of promotion vary with a product’s stage
in its life cycle. While advertising carryover from
informative advertising is likely to be relatively
high during early stages of the product life cycle,
the decay of persuasive advertising typically used
to promote mature products is more rapid. Still, if
varieties are considered close substitutes by con-
sumers, then variety-specific promotion is likely to
have a cannibalistic effect on other varieties—
varieties that are often grown by the same sellers of
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the new variety. However, if generic promotion is
effective in growing the demand for apples in total,
then such synergistic or category-image effects
may indeed be beneficial to growers of all variet-
ies. As a result, growers are justifiably concerned
over the economic viability of promoting Fujis
through traditiomd techniques.

Even if promotion results in a positive response
in retail demand, growers will only benefit if this
increase in demand causes farm prices to rise. In
general, farm prices tend to be higher for produce
items that are not yet in widespread production, or
if they are heavily exported. Further, retail-farm
margins for various farm products have been
shown to be dependent upon many other factors
beyond grower control, such as quality character-
istics (Parker and Zilberman), market power (Sex-
ton 1990; Powers 1991), price rigidities (Shonk-
wiler and Taylor 1988; Powers 1995), or the di-
rection of price movements (Ward 1982; Kinnucan
and Forker 1987). Some or all of these factors may
be important in determining the ultimate return to
Fuji-apple promotion.

Consequently, the objective of this research is to
determine the return to Washington apple growers’
investments in generic and variety-specific promo-
tion. Specifically, we seek to determine what type
of promotion, if any, is more effective in increas-
ing the returns to selling a relatively new product
when consumer learning is explicitly taken into
account. For this purpose, the return to promotion
is defined as the increase in producer surplus rela-
tive to the amount spent on the campaign. In order
to estimate the change in producer surplus, this
study employs a three-step procedure that takes
into account the impact of promotion at each level
of the marketing channel—from retail demand
through price-transmission to, ultimately, the im-
pact on producer surplus.

The paper proceeds by first describing a market
model of apple promotion. We use a Muth-type
equilibrium displacement (MED) market-model
that takes into account retail demand, price-
transmission, grower supply, and market equilib-
rium. The second section presents the empirical
models used to trace the effect of promotion from
sales of all Washington apples, to specific variet-
ies, and finally to farm prices through a farm-price
linkage equation. The third section describes the
data used to estimate and simulate the model, and
explains the specific econometric methods in-
volved. A fourth section presents the results from
each stage of the analysis. A final section summa-
rizes these results and presents some implications,
limitations, and suggestions for future research.
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A Conceptual Model of Washington
Apple Promotion

Grower-returns to promotion are defined in terms
of the net present value of a change in producer
surplus resulting from a change in promotion ex-
penditure, relative to promotion costs. Although
the effects occur simultaneously, the model is best
described in stages. First, a change in promotion
spending causes a change in demand at the retail
level to an extent measured by the promotion-
response elasticity. Second, the change in farm
price in response to this change in retail demand is
determined by the price-transmission elasticity.
Third, this change in demand causes a change in
both the equilibrium quantity and price, as handlers
respond to the higher price by bringing a greater
supply to the market. Fourth, once a new equilib-
rium is achieved, producer surplus will be higher to
the extent that both price and output are higher
than before the promotion, but is reduced by pro-
ducers’ share of program costs. To calculate the
change in producer surplus, we develop a model of
the apple market.

By expressing equilibrium market variables in
log-differential form, a MED model solves for the
simultaneous impact of a change in promotion ex-
penditure on retail demand, export demand, farm
price, and farm supply. Equilibrium in the Fuji
market requires export (qx)and retail (q,)demand
to equal quantity supplied (y) for each variety:

(1) wXdlnqX+ w@lnq, = dlny;

where w, is the share of production sold at retail;
WXis the share sold as export. Retail demand de-
pends upon prices (p), exogenous retail demand
shifters (Zr), Fuji-specific promotion (Al) and ge-
neric Washington apple promotion (A2):

(2) dlnq, = N,dlnp + GdlnZ, + BldlnAl
+ B@lA2;

where N, is a matrix of retail demand price-
elasticities, G is a vector of elasticities with respect
to the demand shift-variables, and Bk are matrices
of promotion elasticities for the.@ type of promo-
tion. Export demand is a function of prices and
exogenous export demand shifters (Zx):

(3) dlnqX = NXdlnp + HdlnZx.

where NXis a matrix of export demand price elas-
ticities and His a vector of elasticities with respect
to export-demand shift variables. Farm supply is a
function of farm-level prices (w):

(4) dlny = E~dlnw,

with supply-price elasticities E,, while farm prices
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are linked to downstream market prices through a
price transmission equation:

(5) dlnw = Tdlnp.

where T is a vector of price-transmission elastici-
ties. Changes in producer surplus, allowing for the
likelihood that the producer incidence of the per-
unit WAC checkoff levy is less than 100%, are
expressed as in Kinnucan, Xiao, and Hsia:

APS = ~ S{piqidlnwi(1 + 0.5dlnyi) – &L4,
1

where Sf is the grower’s share of the retail dollar
for the $’ variety, dA is the change in both types of
advertising, and Q is an “incidence parameter” that
measures the proportion of the per-unit checkoff
levy that is borne by producers (Kinnucan 1999).
The elements in (1) - (6) are solved simultaneously
for the change in retail price by substituting (5)
into (4) and combining (2) and (3) into (1). Sim-
plifying the result then provides a reduced form
expression for the change in retail price in response
to a change in either type of promotion or the other
exogenous factors, such as consumer experience or
apple expenditure:

(7) dlnp = M-lGdlnZr + i14_1HdlnZx
+ kl_lB1dlnA1 + iW1B2dlnA2,

where M = E,T – wrNr – WxNx. The resulting
change in market price is then used to calculate the
change in farm price (5) and shipper supply
through (4) and the change in producer surplus
through (6). Comparing the present value of
changes in producer surplus to the present value of
the cost of its provision provides an estimate of the
returns to promotion, expressed in terms of a
present value net benefit:cost ratio. The following
section develops a two-stage model of consumer
demand that is used to estimate the elasticities used
in this simulation, incorporating promotion both at
the category and variety levels.

A Two-Stage Model of Fuji Demand
and Promotion

There are several reasons why a two-stage model
of demand is particularly useful in evaluating the
effectiveness of promotion expenditures. First, ef-
forts to increase demand can change both the de-
mand for an entire category, or just reallocate
spending among specific products within the cat-
egory (Duffy). While specific efforts may be made
in promoting a particular variety of apple, consum-
ers often fail to identify varieties or brands of any

type in fresh produce so these efforts tend to spill-
over or affect the demand for related products. Sec-
ond, generic messages intended to increase total
apple category sales will have different effects on
the sales of each variety. Third, these interaction
effects may reduce the total value of category sales
if the reallocation is toward low-price varieties-a
situation that is of particular concern to retailers.
Therefore, determining the relative importance of
each of these effects requires a model of both cat-
egory and variety demand.

To be consistent with the requirements of con-
sumer utility-maximization, this study uses a two-
stage budget allocation model (Hausman), This ap-
proach assumes consumers allocate a fixed amount
of income in the first-stage between apples, various
other fruits, and all other consumer goods, while
they allocate apple expenditure among varieties at
the second-stage. This theoretical consistency,
however, comes at a cost of imposing a very spe-
cific structure on the demand model. Specifically,
German demonstrates that two-stage models can
only be consistent with utility maximization by as-
suming preferences are homothetically separable,
or that they are strongly separable into sub-
branches that are of generalized Gorrnan polar
form.1 Because the first alternative imposes the
untenable restriction that each element of the va-
riety (lower stage) model has unitary expenditure
elasticities, this study adopts the latter, Examples
of this approach include Brown and Heien, Black-
orby et al., Yen and Roe, and Gao, Wailes, and
Cramer. Specifying a demand system consistent
with these restrictions also means that the price
indices at the upper level are perfect price indices
for each sub-group, so estimating the entire system
through the iterative process of Anderson provides
consistent estimates of both the structural and pro-
motion elasticities at each level. One specification
that meets these restrictions consists of an upper
stage Linear Expenditure System (LES) and a
lower stage Almost Ideal Demand System (AIDS).

Deaton and Muellbauer provide a derivation of
the LES model which this paper extends to include
promotion. Pollak and Wales suggest including
other arguments of the utility function as scaling
factors, or variables that cause the effective price
faced by consumers to vary by their exposure to
advertising. Using upper case letters to denote the
upper or category level of demand for a single

1 It is also true that blockwise dependence at the group level combined
with a conditional second stage is consistent with utility maximization,
so our approach is not the only way to approach this problem.
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product group 1, and defining the scaling func-
tion as:

(8) Ml = 1 +O~A1/P1)lnP1,

multiplying prices in the LES expenditure function
and re-deriving the demand system leads to an up-
per-level demand model similar to Chang and
Green:

(9)

( >’%%)XI= PIQ1= P[~l + OIIPIA1+ B1 Y –

where Xf, is the expenditure on category I, Yis per
capita income, PI is a price index defined over the
components of category 1, B1 is the marginal bud-
get share, A, is the amount of advertising expendi-
ture on category I, and TI measures the subsistence
amount of expenditure on 1. For this equation to be
part of a system of demand equations that is con-
sistent with constrained utility maximization, all B1
2 0, D1 = 1, and QI z ~1 V 1.2 Assuming
consumers’ tastes are influenced by habit, the sub-
sistence parameters in (9) are allowed to vary with
past expenditure levels: WI = W? + T#IQJt_l,

where W* refers to the long-run or steady state
level of the subsistence parameter, while ~ shows
the marginal change in subsistence demand in past
levels of total expenditure. Allowing for these dy-
namic effects is important as many consider adver-
tising a long-lived asset (goodwill) whose influ-
ence depreciates slowly over time as the message
is forgotten (Nerlove and Arrow; Ehrlich and
Fisher), becomes obsolete as new products come to
the market (Kotler), or is superseded by strategic
promotions from oligopolistic rivals (Erickson,
Sorger). Further, promotion carryover may arise
because a threshold level of knowledge may be
required before purchase initiation occurs, patterns
of brand loyalty take time to establish, habits may
require repeated efforts to break (Chang), or sim-
ply that the process of disseminating information is
not instantaneous. Similar considerations for pro-
motion carryover enter the second-stage model.

At the variety-demand stage, a linear Almost
Ideal Demand System (LAIDS) satisfies the re-
quirement for two-stage budgeting because the im-
plied preferences are of German polar form
(Deaton and Muellbauer). Scaling prices in the
AIDS expenditure function by the function rni(Ai)
—— A!’ and applying $hephard’s Lemma leads to
prom&ion-augmented share equations of the form:

2 This particular scaling function is chosen such that quantity de-
manded depends upon red, rather than nominal levels of advertising.

where Aj are variety-specific promotion expendi-
tures, Si is the share of variety i (piqi/X1);pi is the
price of variety i; XI is the amount of expenditure
on the 1 commodity sub-group, and in PI is a Stone
price index for this group such that lrIPI = XiwJnpi.3
As in the first-stage model, the dynamics of apple
variety consumption are modeled by specifying
(10) as a geometric lag, or partial adjustment
model. This specification not only captures con-
sumers’ tendency to form habits in consuming par-
ticular apple varieties, but also allows advertising
expenditures in one period to influence demand in
all future periods, is consistent with adding up, and
is relatively parsimonious. While (10) is a common
specification for the effects of promotion on de-
mand, the dynamics of demand for new products
are often driven by more than just habits, but learn-
ing and experience as well (Nelson).

Experience is especially important for goods
whose characteristics are difficult to convey, and
highly variable-even items that are the same va-
rietv and from the same source, Therefore. accu-.
mulated consumption of a new product may also
explain much of the increase in demand typical of
the growth stage in the life cycle of a new prod-
uct—through both consumers’ self discovery and
through knowledge gained by word-of-mouth, or
learning from others (McFadden and Train), The
notion of a product life cycle implies that informa-
tion from experience and promotion are likely to
have different effects on the demand for mature
and new varieties. New apple varieties require a
promotion strategy that generates awareness and
initiates first-purchase, whereas reinforcement
through price-promotions and discounts becomes
more important with maturity. By allowing each
share intercept to vary with cumulative consump-
tion: ~i = ~~i + ~~i~~oqt, the variety demand
model incorporates an indicator of consumption
experience, or stage of the product life cycle. Fail-
ing to include the effect of consumption experience
would likely lead to estimates that overstate the
role of both prices and promotion in increasing
variety demand.

Combining estimates of the first- and second-
stage demand parameters leads to long-run elastic-

3 Although the linear approximate version of the AIDS model is fre-
quently used in applied demand studies, there are many problems with a
Stone price index. Many of these are documented by Moschini, who UISO
shows that a Stone price index is, nonetheless, a proper price index if

applied to appropriately scaled data, which is the case here,
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ities of variety sales with respect to prices and
promotion that take into account both the category
and variety response, so the total price elasticity of
demand is written as (Goddard and Conboy):

(11)

‘=(:-~ )+(:+l)(w’l-B))-loO

and the cross price elasticity:

(12)

“’=(yi’i:iw’)+( :+l)(w(l-BO

and the total long-run promotion elasticity is writ-
ten as:

(13) Ei,Ai= ()~ (1 - ~ilnpi) +
1 (:+1)(%

In calculating these elasticities, prices, budget
shares, promotion-stock amounts, and expenditure
levels in (11)–(13) are each evaluated at their re-
spective means and variety-specific adjustment co-
efficients are used to express the long-run value of
each parameter. Although these elasticities indicate
the responsiveness of retail apple sales to changes
in prices, promotion, and expenditure, changes in
producer surplus depend upon the farm price trans-
mission elasticity.

Whereas other studies use synthetic price trans-
mission elasticities (for example, Kinnucan, et al.),
this study estimates this elasticity using a reduced-
form marketing margin equation derived from a
model of optimal shipper behavior. Factors that
explain the difference between farm and retail
prices include labor and transportation costs, ex-
port-market price premiums, domestic product-
differentiation, and lags in the adjustment of farm
prices to changes in retail demand. To account for
imperfectly competitive price-determination, the
model introduced here is a price-markup specifi-
cation similar to Schroeter and Azzam. With this
model, the profit maximization problem faced by a
representative apple distributor is written as:

(14) maxqmri = max~r[(p’ – kpt)q’ – c(w,qr)],

where q“is the retail quantity; p’ is the retail price;
pf is the farm price; k is a constant of proportion-
ality representing shrinkage and loss from the or-
chard to the store, and c(w,q~ is the cost of selling
apples with input prices, w. Because apple distribu-
tors have the option of buying Fujis for domestic
sale, or for export sale (@), or other more estab-
lished varieties (q”), the retail price is a function of
the relative demand for each: p’ = flqr,~,qo), If
the proportion of exported to total apples rises,

Agricultural and Resource Economics Review

then farm prices are likely to rise due to the pre-
mium earned from off-shore sales.4 However, a
rise in domestic Fuji sales relative to existing va-
rieties is likely to mean the erosion of the new
product premium commanded by Fujis. Defining
Edas the retail elasticity of demand for Fujis, ~Xas
the elasticity of export demand, ●0 as the elasticity
of mature varieties, 6Xas the conjectural variation
of export demand with respect to retail demand
(dtf/dqr); and 00 as the conjectural variation of
mature variety sales with respect to Fuji retail
sales, aggregating over a homogeneous set of dis-
tributors provides a solution to (14) for the long-
run or steady-state farm price, pf*:

()(15) pf” = (pr/k)(l + l/cd) + (p’/k) $ ej’(3x

()+(p’/k) < ~z%o – ‘r.
q r?q

Although this shows how farm prices are ideally
linked to retail prices, marketing costs, and quan-
tities that flow into alternative markets, farm prices
rarely respond instantaneously to changes in retail
prices (Heien; Ward 1982; Kinnucan and Forker;
Powers 1995).

Rather, suppose the farm price changes only a
proportion of the way towards equilibrium during
any given period, t, This slow adjustment could be
due to costs of adjusting prices, lags in moving
information through the system, or a conscious re-
alization on the part of buyers that it is in their
interests to delay farm price increases in the face of
rising retail apple prices. Simplifying the right-side
of (15) as A4t, let pfi = @4f, If prices adjust a
proportion, h, towards this amount each period,
then (15) becomes:

where et is a random error in adjusting the retail
price. In linear form, the estimated econometric
model becomes:

(17)

d= %P{-, + %P; + %Pw(d + %Px%Jd
2

+ ~ ajwj+ et,
j= 1

4 Export premiums are possible due to the successful differentiation of
Washington apples from others on world markets. As evidence of this
differentiation, WAC mnrketing officials cite research conducted in
Mexico that finds brnnd awareness of “significantly greater than 80%”
(Washington Apple Commission 1997d). As a result, Washington apple
growers have some ability to price dkcriminate between the domestic
and off-shore markets,
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Table 1. Price, Quantity, and Promotion Summary Statistics

Variable’ N Mean Variance Minimum Maximum

PRed 1044 0.97 0.06 0.25 1.19
P Gold 1044 0.85 0.00 0.67 1.09
P Granny Smith 1044 0.71 0.00 0,50 1.08
PFuji 1044 1.00 0.01 0.61 1.42
P 0.48 1044 0.92 0.01 0.61 1,60
PBmebum 1044 0.96 0.03 0.54 1.55
PJomgold 1044 0.89 0.04 0.39 1.44
P Rome 1044 0.75 0.01 0.42 1.12

Qs&d 1044 525.00 355,22 7.27

Qcw 1044 194.65
3565.80

44.75 3.16 1359.30
QGra..Y s~,t~ 1044 76.44 6.64 0.04 578.73

(?Fuji 1044 73.25 32.68 0.00 1540,10

QG,I, 1044 67.72 18.60 0.00 1042.80

QBr..~um 1044 28.05 2.74 0.00 382.14
QJ.nago]cj 1044 15.51 0.98 0.00 355.46
QRo~e 1044 12.44 0.50 0.00 274.44
AFuji 1044 180.90 43159.00 0.00
A 1044 4645.70

6882.80

T.ralWAC 64758.00 0.00 5843.00

‘Quantities are in thousands of pounds per market per week. Prices are $/pound. Quantity variance values are scaled by factor of
1 x 103 for presentation purposes.

and is estimated by pooling the data from all mar-
kets, while allowing for market-specific retail price
effects.5 Because of the likely endogeneity of retail
prices, an instrumental variables method is used to
estimate the model. The following section de-
scribes the data and specific methods used in esti-
mating both the demand model and this price link-
age specification.

Data and Methods

The data used in this analysis are drawn from a
variety of sources made available by the WAC,
including the Market Vu, Ad Activity, and Unloads
reports, from September 1995 to May 1997 on a
weekly basis. These reports contain data on prices,
promotion activities, and shipments to a large num-
ber of markets, respectively and are surntnarized in
table 1. In order to make the analysis tractable, the
study focuses on a set of sample markets consisting
of Charlotte, Los Angeles, Minneapolis, Philadel-
phia, Phoenix, Richmond, San Antonio, San Fran-
cisco, Seattle, St. Louis, Tampa, and Washington,
D.C. Because of the geographic dispersion of these

5 In choosing this method of pooling, we compared a model with
mnrket-specific price effects to one where all coefficients vary by market
and one in whkh none of the coefficients varied by market. While we
could not reject the null hypothesis that the non-retail price exogenous
variable coefficients are equal across markets (F = 0.0271), we cmdd
reject the null hypothesis that the price-coefficients, and hence tbe fm’m-
retail price transmission elasticities, are equal for every market (F =
22.3421),

markets, the retail price data exhibit considerable
variability.

The entire LES/AIDS system is estimated with
this weekly data pooled over the twelve sample-
cities, giving a total of 1,044 observations, In fact,
pooling variety-specific data over time and mar-
kets means that prices vary by city, week, and va-
riety. The Market Vu data not only satisfy this
requirement, but also provide price data on per
pound, retail-level basis on apple grade, size, con-
tainer, source, and quality, as measured by a sub-
jective scale developed by WAC field staff. In or-
der to define a “standard” apple of each variety in
each market and in each week, a hedonic price-
correction method adjusts for all other effects on
price (Goldman and Grossman; Cox and Wohl-
genant), Because the shipment data from the Un-
loads report are defined on a zip code basis, market
definitions corresponding to those used in the A4ar-
ket Vu reports are found by aggregating over all
contiguous zip codes within a market area. Details
on this aggregation process are available from the
authors. Shipments are reported in terms of num-
bers of cartons per market. These markets, in turn,
correspond closely to those used by WAC market-
ing officials in allocating promotional and adver-
tising budgets across different regions.

Budgeted amounts for all retail promotion ac-
tivities are provided by the WAC Retail Marketing
Department. The budget reports contain lines for
each retail account, defined by store and market.
Another data source, the Ad Activity Report, pre-
pared by Leemis Market Research, reports the
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gross rating points (GRPs) for Fujis and all other

Washington apple variety advertisements. GRPs

for each retail account and budget period are used
as weighting factors in allocating budget expendi-
tures over time to either Fuji apples or all other
varieties. These data are augmented by mass media
expendhure values prepared for the WAC by Mc-
Cann-Erickson, giving us access to data for both
Fuji promotion expenditures and for expenditures
on all other apples.

For purposes of the category-level model, the
Washington apple price variable is a Stone’s price
index calculated over all varieties. An average
price for apples from all other sources is calculated
from the Market Vu reports on a market-by-market
basis. Prices for alternative fruits (bananas, grapes,
and fresh navel oranges) are taken from the Bureau
of Labor Statistics (BLS) Consumer Price hdex:
Average Price database, while regional CPI values
are from BLS Consumer Price Index: State and
Area data. This index is used as a proxy for the
price of “all other consumption goods” in the first-
stage model. Personal disposable income is from
the Bureau of Economic Analysis Regional Pro-
grams data, while population values are from the
Bureau of Census State Population Estimates.

In estimating the retail-farm price transmission
elasticity, marketing costs are measured by the
price of No. 2 diesel fuel, taken from Monthly En-
ergy Review, and the wage rate for production
workers in SIC 21 (food and kindred products)
taken from Employment and Earnings. The farm
prices are from the Washington Growers’ Clearing
House. With these data, estimates of the price
transmission elasticity are found for each market
using independent, single-equation regressions.
Because of the endogeneity of several explanatory
variables in (16), these equations are estimated us-
ing an instrumental variables procedure, where the
set of instruments includes all exogenous variables
and lagged values of all endogenous variables.
Simple OLS estimation is also inadequate for the
demand system. Estimating the LES/LAIDS de-
mand model requires a procedure that recognizes
the relationship between prices at the second-stage
and price-aggregates at the first-stage of the bud-
geting problem.

Consequently, this study uses Anderson’s itera-
tive two-stage procedure to ensure that the Wash-
ington apple price index is indeed a true or “per-
fect” index of varietal prices. An iterative approach
captures the effect of substitution between varieties
on the first-stage price index because the index-
weights are functions of the second-stage param-
eters, and the second-stage parameters are, in turn,
functions of expenditures at the first-stage. Ander-

son’s method is well understood and is described
in detail in Gao, Wailes, and Cramer. To maintain
consistency with constrained consumer budgeting,
both homogeneity and symmetry are imposed on
the second-stage LAIDS model.6 With this ap-
proach, however, the usual adding up condition
does not apply because the errors in the second-
stage system sum to the error in the first-stage
model and not to zero (Anderson). Therefore, all
varieties are retained in the LAIDS model. Further,
although the parameter estimates from this two-
stage approach are consistently estimated, their
standard errors are not. However, when the gener-
ated regressors are not lagged, Hoffman (1987)
demonstrates that the induced variance bias can be
expected to be quite small. Given this caveat, the
resulting elasticity estimates are then used to de-
termine the net effect of promotion and cumulative
consumption on Fuji prices, allowing for feedback
effects through other apple varieties.

Because changes in producer surplus are likely
to be affected by each of the assumed parameter
values, alternative results are obtained and reported
for higher and lower values of the grower share
of the retail dollar, the elasticity of supply from
apple shippers, and the retail elasticity of demand.
Growers and WAC officials alike are also inter-
ested in the effectiveness of the “Year of the Fuji”
campaign, so simulations for each parameter re-
gime are conducted for the entire sample and for
only the 1997 observations. Further, these simula-
tions compare the relative contribution of each
source of knowledge in increasing demand by con-
ducting experiments where: (1) cumulative con-
sumption and total WAC promotion are held con-
stant, and Fuji-specific promotion is increased by
10%; (2) cumulative consumption and Fuji-
specific promotion are held constant and total
WAC promotion is increased by 10%; (3) both
types of promotion are held constant and cumula-
tive consumption rises by 10%; and (4) total WAC
promotion is held constant while both Fuji-specific
promotion and cumulative consumption are in-
creased by 10%. The results of each scenario are
compared on the basis of increment to producer
surplus and, for the promotion variables, the ben-
efit-to-cost ratio of investing in promotion. The
next section presents these results after a brief dis-
cussion of the structural demand and price-linkage
estimates.

6 Tests of symmetry and homogeneity fail to reject the null hypothesis
in both cases. Durbin and Watson’s d test fails to reject the null hypoth-
eses of no positive nor negative autocorrelation for all share equations.
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Table 2. LES Elasticity Estimates of
Aggregate Washington Apple Demand:
Long Run

Variable Elasticity Estimate t-ratio

Wash. Apple Price” -0.1768* -2.9144
Other Apple Price 0.0533* 2.4831
Banana Price 0.4226 1.7479
Grape Price 0.0545 1.9587
Navel Orange Price 0.8643* 9,1201
Other Consumer Good Price 0.2122* 2.2247
Personal Disposable Income 1.7412* 6.6029
Total WAC Promotion 0.0174” 2.4756

‘A single asterisk indicates the estimate is significant at a 5%
level. This model also included binary market variables, but
they are not displayed here for brevity’s sake. Model estimates
are obtained by pooling data over twelve sample markets and
eighty-eight weeks of Fuji shipments.

Results and Discussion

Although the key results of this paper concern the
calculated returns to Fuji apple growers’ promo-
tion investments, the structural demand and farm-
price linkage parameters are also of considerable
interest for future promotion planning. Table 2
shows the elasticity estimates from the first stage
of the model. These results suggest that apples are
habitually-purchased items that respond very little
to changes in price, but are relatively sensitive to
changes in income. Price-inelastic demand is per-
haps to be expected from a good with a small bud-
get share, but the strong substitute relationship
with navel oranges is not. Of greater concern to
this study, however, is the effect of aggregate
WAC promotion on the Washington apple cat-
egory. The elasticity of Washington apples with
respect to all-promotion suggests that WAC pro-
motion does indeed increase Washington apple
sales in aggregate, irrespective of its individual va-
riety effects.

These variety effects are estimated in the sec-
ond-stage LAIDS model, The total elasticities in
table 3 show whether advertising or price-
promotion simply reallocates demand among vari-
eties, or expands overall demand. These elasticities
imply that Red Delicious, Golden Delicious,
Granny Smith, Gala and Rome apples are inelastic
in demand, whereas each of other varieties is price-
elastic. Although not conclusive evidence, this pat-
tern suggests that each of the newer, or specialty
varieties (Fuji, Braebum, Jonagold) is more price-
elastic than the traditional, more mature varieties.
In fact, specialty apples also tend to have expen-
diture elasticities greater than one, lending some
evidence to the contention that they are luxury

goods. In terms of cross-price elasticities, only
Braebums are Fuji-substitutes, while many of the
others appear to be complementary. Therefore,
higher (but opposing) spillover responses to Fuji
promotion are expected for these other varieties.

In fact, Braebums and Galas appear to respond
positively to Fuji promotion, although the effect is
only statistically significant at a 10% level. No
variety exhibits a significant negative cross-
response to Fuji promotion. This lack of signifi-
cance may mean that when both aggregate and
share-effects are taken into account, Fuji-specific
promotion does not cannibalize net sales of other
varieties. Somewhat surprisingly, however, sales
of Red Delicious apples, long the dominant variety
from Washington State, respond to neither Fuji
promotion nor total WAC expenditures. Given the
relatively strong impact of WAC marketing efforts
on sales of Golden Delicious, Fuji, Gala, Braebum
and Jonagold apples, this result suggests that the
WAC’s own efforts are at least in part responsible
for the relative decline of the Washington Red De-
licious apple. Taken together, these results suggest
that promotion as a source of information is par-
ticularly valuable for specialty varieties. These va-
rieties are, however, less homogeneous with re-
spect to the impact of either habit persistence or
cumulative consumption.

Although not shown in table 3, each of the ad-
justment coefficients associated with the geometric
lag specification is significantly different from
zero. Moreover, these estimates imply adjustment
Deriods. or the number of weeks reauired to sub-
~tantially eliminate the gap between ~ctual and de-
sired consumption levels, of between 7.18 weeks
for Rome apples to 12.89 weeks for Braebums,7
Changes to the level of Fuji promotion, therefore,
can be expected to persist for 9,85 weeks beyond
their initiation—a result that is broadly consistent
with other studies that estimate the dynamic effects
of promotion (Cox), Accounting for habit persis-
tence may be largely responsible for the lack of
significance of cumulative consumption for most
varieties. In particular, the tendency for consumers
to learn from their own experience or by word of
mouth is only significant in the case of Fuji apples.
This is perhaps to be expected, given that consum-
ers’ acquisition of variety-knowledge should favor
those varieties that represent true improvements on
existing apples. Therefore, while the experiential
nature of Fujis remains important, promotions

7 The number of periods (n) required to adjust a proportion (p) toward
the desired level of consumption is given by: n = log(l - p)/togk, where
k is the estimated adjustment coefficient. For our purposes, 99.9% ad-
justment is deemed to be complete.
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aimed at helping consumers acquire this informa-
tion may prove most effective. Although these re-
sults show a strong impact of both promotion and
cumulative consumption on retail-demand, the ul-
timate return to growers depends upon how much
of this is passed on in terms of higher farm prices.

The extent to which changes in retail demand
lead to changes in farm price is given by the farm-
retail price transmission elasticity, which is esti-
mated with equation (17). These results show that
farm prices do not adjust instantaneously to
changes in retail demand, requiring roughly 5.5
weeks before 90% of the change at retail is re-
flected in the farm price. This result is slightly
longer than that obtained by Powers (1995) for
iceberg lettuce, or Ward (1982) in fresh vegetables
or Kinnucan and Forker for dairy products. Fur-
ther, farm prices rise with the share of Fujis that are
exported as more apples are sold into the premium
market, but farm prices fall in Fujis’ domestic mar-
ket share. This latter effect may be due to a ma-
turing Fuji market-as a new variety matures or
moves through its product life-cycle it necessarily
becomes less of a specialty item, commanding less
of a premium in the retail market. As expected,
farm prices fall with both wages and fuel prices as
both are critical components of the cost of market-
ing apples. The key result from this model, how-
ever, is the price-transmission elasticity, or the per-
centage change in farm price for a given percent-
age change in the retail price.

Using the results in table 4, the average long-run
price-transmission elasticity for Fuji apples is
0.65.8 For all other varieties, the transmission elas-
ticity is calculated using an expression from Gard-
ne~

(18) Ti = (~i + eb)/[ui + S~eb+ (1 - S{)ea];

where ~i is the elasticity of substitution between
farm and marketing inputs; e= is the elasticity of
supply of farm inputs; eb is the elasticity of supply
of marketing inputs; and Sf is the farm-share of the
retail dollar. As in Kirtnucan, et al., Ui is assumed
to be zero, while S; is taken from the data. Unlike
Kinnucan et al., however, the values for e. and eb
are 1.30 and 0,50, respectively. These values are
chosen by fixing eb at a plausible value and then
calibrating (18) to be consistent with the estimated
Fuji transmission elasticity. Using these transmis-

8 Kinnucan and Forker derive farm-retail price tmasmission elastici-
ties for milk that consistently exceed 1.0, claiming that the opposite case,
as found here, is somewhat anomalistic. However, Gardner’s condition
for Ti <1.0, using his equation for the tmnsrnission elasticity, is simply
that e. > eti In the weekly data of this study, this scenario is not only
plausible, but highly likely as marketing costs are hugely fixed in the
short-run, while shipments from cold storage are highly elastic,

Table 4. Farm-Retail Price Linkage
Equation: Pooled 2SLS Estimates

Variablea Estimate t-ratio

p$_, 0.661* 31.351
< 0.121* 3.541
P; 0.139* 4.443
P; 0.134* 4.158
P: 0.129* 3.901
P; 0.142* 4.599
P: O,1O8* 3.001
~ 0.144” 4.543
~ 0.141* 4.543
~ 0.134* 4.126
<n 0.112* 3.159
q, 0.129* 3.761
P;2 0.126* 3.805
w fuel –0.146* -2.821

-0.003” -5.634
%Fq? O.1O8* 7.779
P(q”lq? -1.665* -14.061

R* 0.751

‘In this table, a single asterisk indicates significance at a 5%
level. The variables are as defined in equation (19), where
P; indicates the retail price in market i, ~ is the average retail
price across afl markets, and P{.l is the lagged farm price.

sion elasticities, equation (6) provides estimates of
the effect of changing promotion and experience
on producers’ surplus.

In order to test the sensitivity of changes in pro-
ducer surplus to different values of the model pa-
rameters, alternative simulations are conducted as
described above. To answer the objectives of this
paper, “grower returns” to promotion or experience
are defined both in terms of the present value in-
crement to producer surplus and the ratio of the
change in the present value of net benefits to the
change in the present value of costs of promoting.
The simulation results for both the entire sample
period and the “Year of the Fuji,” assuming a 5%
interest rate, are shown in table 5.

In the base scenario, the price-elasticity of Fuji
demand is set at –1. 14 and the elasticity of supply
at 1.30. For all simulations, the full N, matrix is
used, while the E, matrix is assumed to be diago-
nal,9 Given the base-case assumptions, the simula-
tion results in table 5 show that increasing Fuji
promotion by 10% causes producer surplus to rise
by $0.43 million over the entire sample period,

‘ The incidence pammeter is calculated as (Kinnucan 1999]

flx = [q + kleDl]/[q + fdeDl + (1 + k)Te~],

where q is the elasticity of domestic demand (1.137 in absolute value),
k is the proportion traded (0.443), e~ is the elasticity of export demand
(1.0 in absohrte value), T = PI(IJ-1) where t is the per-unit Ievy ($0.25
per hex), and es is the elasticity of import supply (1.30),
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Table 5. Grower Returns to Fuji and WAC Promotion Expenditure: November
1995-May 1997

Fuji Promo All WAC Promo Fuji Cumulative Fuji Promo & Cumulative

Entire Year of Entire Year of Entire Year of Entire Year of
Sample the Fuji Sample the Fuji Sample the Fuji Sample the Fuji

Base Casea
High Farm Share
Low Farm Share
High Supply Elasticity
Low Supply Elasticity
High Demand Elasticity
Low Demand Elasticity

420.6
910.4
134.5
-25.5

1454.2
-175.4
1563.3

80.7
365.7
-85.0

-178.2
681.6

-173.5
745.0

Change in Producer Surplus ($ ‘000)

-400.3 -395.9 1211.2 703.8
-289.1 -331.3 1771.2 1029.1
-464.9 -443.4 885.6 514.6
-482.7 -443.8 719.4 417.9
-297.4 -336.1 2331.5 1354.7
-499.4 -453.3 711.3 413.3
-144.1 -242.7 2519.4 1463.9

1649,1
2708.2
1033.7
703.2

3837.6
699.8

4160.2

794,9
1410.2
437,3
245,3

2066.5
243,3

2253,8

Benefit/Cost Ratio

Base Case 6.33 1.22 -0.27 -0.75 N.A. N.A. 24.85 12,03
High Farm Share 13.72 5.54 -0.19 -0.63 N.A. N.A. 40.82 21.35
Low Farm Share 2.03 -1.29 -0.32 -0.82 N.A. N,A. 15.58 6.62
High Supply Elasticity -0.39 -2.70 -0.33 -0.84 N.A. N.A. 10.60 3.71
Low Supply Elasticity 21.92 10.32 -0.20 -0.64 N.A. N,A. 57.84 31.29
High Demand Elasticity -0.26 -2.63 -0.34 -0.86 N.A. N,A. 10.55 3.68
Low Demand Elasticity 23.56 11.28 –O. 18 -0.47 N.A. N.A. 62.02 34.12

‘In this table: Base Farm Share = 0.547, High Farm Share = 0.80, Low Farm Share = 0.40; Base Supply Elasticity = 1.30, High
Supply Elasticity = 2.0, Low Supply Elasticity = 1.0; Base Demand Elasticity = –1. 137, H]gh Demand Elasticity = -2.0, Low
Demand Elasticity = –0.5. Export demand elasticity held at – 1.0 for all cases. N.A. means that the measure is not applicable.

implying a benefit:cost ratio (BC) of 6.33:1. How-
ever, this BC ratio falls to 1.22 for the “Year of the
Fuji” campaign. This reduction in returns over the
later period may be due to one of many factors.
First, promotional expenditures are likely to ex-
hibit declining marginal returns-beyond a mini-
mal amount required to establish a market pres-
ence, each additional dollar of expenditure gener-
ates a lower increment in sales than did the
previous one. Second, by early 1997 the number of
consumers who had not yet tried Fuji apples is
likely to have been very small. If this is the case,
then the ability of promotion to precipitate new
purchases has passed and the role of advertising
then becomes one of building purchase habits in-
stead. Whereas promotion is necessary to establish
a new product in the market, such high rates of
return associated with the rapid growth phase of a
product’s life-cycle are unlikely to be sustainable
as purchases become more habitual and price-
sensitive. Third, lower retail prices may be respon-
sible for more of the increase in Fuji consumption
than in the past. Although the returns to promotion
appear attractive under the base-case scenario, they
are quite sensitive to alternate parameter assump-
tions.

There is some question as to whether a higher
grower-share should result in higher or lower re-
turns to promotion, ceteris paribus. Whereas Kin-

nucan (1997) argues that a higher grower-share
means that the derived demand for farm products
becomes more elastic, thus reducing the benefit to
advertising, growers nonetheless receive a greater
proportion of whatever surplus may be generated.
However, differentiating (6) with respect to grower
share, and using the particular parametric assump-
tions used herein, the effect of a higher grower
share on grower surplus is unambiguously positive.
Therefore, it is not surprising to find that the BC
ratio of a 10% increment to Fuji promotion is 13.72
over the entire sample if growers receive 8090 of
the retail dollar, but falls to 5.54 if they receive
only 40Y0.This latter scenario could arise if mar-
keting costs rise significantly, if consolidation at
the retail level substantially increases apple buy-
ers’ power to set prices, or if significant competi-
tion for retail space arises from other regions’
apples, or even other products within the produce
section.

Similarly, sensitivity analysis with respect to the
supply elasticity is necessary because little is
known of its true value in weekly data with sig-
nificant amounts of storage. If supply is unit-elastic
(1.0), the BC ratio resulting from a 10% increment
to Fuji promotion is 21.92. In this scenario, any
increase in demand will cause farm prices to rise
significantly, while causing little changes in quan-
tity supplied. However, a supply elasticity of 2.0
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causes the return to promotion to fall to –0.39, as
growers respond to higher prices by increasing the
quantity supplied more than proportionately. Be-
cause incremental producer surplus is not able to
cover growers’ costs of financing the program, the
net return becomes negative. However, such a sup-
ply elasticity is unlikely in the medium and long
run for an agricultural product subject to signifi-
cant production lags and constraints on land, labor,
and other key inputs. Changing the elasticity of
retail demand also produces the expected changes
in returns to promotion as a demand elasticity of
–0.5 provides a BC estimate of $23.56 for the next
dollar invested, suggesting that this promotion will
become more profitable if demand becomes less
elastic as Fujis mature as a variety. The generally
positive rates of return to Fuji specific promotion,
however, change both qualitatively and quantita-
tively with respect to the generic WAC program.

Specifically, the BC ratio for a 10% rise in total
WAC promotion produces a negative return under
every parameter scenario. Negative returns are due
both to the small estimated response elasticities
and the sheer size of overall rmomotion expendi-
tures, again implying strong diminishing m&ginal
returns to promoting apples. These results, how-
ever, do not take into account the value of con-
sumers’ learning about the positive attributes of
Fujis either on their own, or from others.

Because promotion and learning are two alter-
native sources of information, they may either sub-
stitute for one another, or be complementary.
These results support the latter as the returns to
Fuji-specific promotion are uniformly higher when
both cumulative consumption and Fuji-specific
promotion are considered together. By including
the effect of cumulative consumption, this simula-
tion takes into account any stage-of-life-cycle ef-
fects that may exist. Although a benefit:cost ratio
cannot be calculated as directly for cumulative
consumption as for the other programs, money
spent on providing store samples can be thought of
as initiating consumption habits, At current promo-
tion expenditure levels, this means that an incre-
mental dollar expenditure on Fuji promotion leads
to $6.33 of producer surplus, while an additional
dollar of spending on store-samples causes pro-
ducer surplus to rise by only $0.84. This result
suggests that samples are an inefficient way to gen-
erate new producer surplus, due perhaps to the fact
that apples are seasonal and their quality is highly
variable so that knowledge gained from one sam-
ple may be a poor indicator of the attributes of fu-

Conclusions and Implications for
Future Research

In general, this study finds positive rates of return
to Fuji apple growers’ variety-specific promotional
investments, but negative returns to generic pro-
grams. Although these rates of return are superior
to returns on other investments available to grow-
ers, they are consistent with the returns to promot-
ing other produce items (Alston et al.). This study
not only adds to a growing body of evidence dem-
onstrating the effectiveness of cooperative grower-
promotion programs, but considers issues that have
not been explicitly addressed in other studies of
this type, Namely, it compares the relative effec-
tiveness of variety-specific promotion, generic or
product-promotion, and consumer experience in
generating producer surplus.

Returns to each of these factors are estimated
with a market-simulation model of producer sur-
plus, incorporating demand elasticities from a two-
stage LES/LAIDS model of variety demand, and
transmission elasticities taken from dynamic em-
pirical models of the retail-farm price linkage.
With this model, the return to Fuji-specific promo-
tion is generally positive over a variety of para-
metric assumptions. Generating over $6.00 of pro-
ducer surplus for a $1.00 investment in promotion,
such targeted expenditures appear to be a much
more effective use of growers’ checkoff money
than generic promotion. In fact, generic promotion
generates less than the cost incurred, so returns are
uniformly negative. The highest returns are ob-
tained when Fuji-specific promotion and consumer
experience are considered together, due to the
complementary effects between learning and pro-
motion in increasing demand. Despite these posi-
tive findings, some caveats and limitations must be
kept in mind.

First, this study shows that the returns to Fuji
promotion were lower during the intensive “Year
of the Fuji” campaign (1997) compared to the en-
tire sample. While benefit :cost ratios in excess of
$5.00 are common over the entire sample period,
returns fall by an average of 40% during the Fuji
campaign. Although this may be due to the fact
that a “normalization” of Fuji prices was required
in order to move a crop that was more than double
the previous year’s, it may also be due to the di-
minishing marginal returns of commodity promo-
tion. These lower returns may also be simply due
to Fuji’s maturation as a product as the primary
constraint to increased sales may be a lack of ex-
periential knowledge of Fujis’ taste, texture, and
storability. Traditional methods of promotion canture purchases.
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help in removing this obstacle, but are not perfect
substitutes, Consequently, promotion may become
more effective over time as consumers learn about
Fujis on their own or by word of mouth. Second,
aggregate data provide only approximate measures
of the actual variables required to measure the re-
turn to promotion. As such, these data do not con-
tain information on differences among advertising
media, nor the total amount of exposure generated
by each dollar of expenditure.
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