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he total volume of potatoes produced
and consumed in the US declined
sightly over the 2011 - 2015 study period. While higher retail prices and lower
real consumer incomes likely combined to reduce volumes, marketing activities funded by
Potatoes USA may have prevented a steeper
decline. In this report, we summarize our
findings from an econometric analysis of Potatoes USA marketing activities.

T

Executive Summary
• The objective of this study is to determine the
return on investment to grower funds invested
in Potatoes USA marketing activities. We examine three markets in which U.S.-grown potatoes
are typically sold: The retail market, consisting
of sales through supermarkets, club stores and
other outlets, the foodservice market, which consists of restaurants, cafeterias, and institutional
food delivery services such as schools and hospitals, and export markets throughout the world.
Potatoes are sold into all markets in many different forms – fresh, frozen, chips, dehydrated,
and seed, for example – and in many different
package-variants. In this study, we focus on
how Potatoes USA activities influence the de-

mand, and the profitability, of selling any type
of potato, into either the retail, foodservice, or
export markets.
• Returns to Potatoes USA marketing activities are calculated using equilibrium models of
potato supply and demand. That is, marketing activities are assumed to affect the weekly
(or monthly, depending on the market) demandflow for potatoes. Given the existing supply of
potatoes, therefore, the market price will adjust
to clear the market, or equate supply and demand. The resulting price impact is used to
calculate the marginal impact on grower profit,
and return to the amount of funds invested. We
develop three equilibrium models that follow
this same logic, one for the retail market, another for foodservice sales, and a third for the
export market.
• All models are estimated with data made available from Potatoes USA, USDA, Department
of Commerce, and from internal organization
records. Our retail data are provided from
Nielsen through their contract with Potatoes
USA, while the foodservice movement data are
calculated from NPD and Technomic insights.
All export data are from United States Department of Commerce, Foreign Trade Division (Har-
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monized Coding System, Schedule B) sources.
Marketing investment data are derived from
Potatoes USA financial records, and are categorized into consumer, retail, research, and
administrative investments. Investments in each
category are assumed to influence retail and
foodservice potato demand, but each model was
estimated with these categorizations collapsed
into one that captured all retail and consumeroriented investments. In the export market,
investment data are derived from Potatoes USA
financial records. Export promotion expenditures from individual activities are aggregated
into one overall activity that represents all export demand enhancing activities.
• For each model (retail, foodservice, and export),
we estimate short- and long-run elasticity values for five different demand drivers: (1) price,
(2) price-promotion (retail model), (3) demanddynamics, (4) macroeconomic factors, and (5)
marketing investments. Importantly, the statistical method used provides elasticity estimates
for each variable, holding each of the others constant. Elasticity is defined as the ratio of the
percentage change in demand to the percentage
change in the variable of interest. Elasticities
are important as they are unit-free measures of
the responsiveness of demand to each variable.
• The short-run retail price elasticity of demand
is -0.617 on average over all potato types, packs
(bag versus bulk), and regions while the longrun retail price elasticity is -0.674. In other
words, if the retail price rises by 1 percent, demand is expected to fall by 0.617 percent in
the short run, and 0.674 percent in the long
run. Our estimate is slightly smaller than recent
estimates from other studies because the retail
data is aggregated over stores, brands, packages,
and other ways in which retail potatoes are
differentiated in the retail market. The shortrun elasticity of consumer-focused marketing
investments is 0.024 for fresh-bagged, 0.047 for
fresh-bulk, 0.049 for chips, 0.035 for frozen potatoes, 0.042 for refrigerated potatoes, and 0.031
for dehydrated products. The long-run marketing elasticities in the retail market are 0.026
for fresh-bagged, 0.052 for fresh-bulk, 0.053 for
chips, 0.038 for frozen potatoes, 0.046 for refrigerated potatoes, and 0.033 for dehydrated
potato products. Each estimate is highly statistically significant.

• Return on investment is measured using two,
equivalent metrics: (1) the benefit:cost ratio
(BCR), and (2) return on investment (ROI).
BCR is calculated as the present value of grower
profit divided by the amount of investment,
while ROI is the same calculation expressed as
a percentage of the initial investment. In this
summary, we report both BCR and ROI values,
but they are equivalent measures of investment
return.
• We calculate BCR values for marketing investments in the retail market for each product-type.
The estimated short-run BCR for fresh-bagged
potatoes is 1.174 (1.174 dollars in profit for the
next 1.00 dollar invested) and 1.229 in the long
run. These BCR values imply ROIs of 17.4 percent in the short run and 22.9 percent in the
long run. The BCR for marketing investments
in the fresh-bulk market is 2.311 in the short run,
and 2.420 in the long run, which imply ROIs of
131.1 percent in the short run and 142.0 percent
in the long run. For chips, the short run BCR is
2.374 (ROI = 137.4 percent), while it is 2.487 in
the long run (ROI = 148.7 percent). Marketing
investments in the frozen potato market yield
a BCR of 1.717 in the short run (ROI = 71.7
percent), and 1.798 in the long run (ROI = 79.8
percent). The returns for refrigerated potatoes
are 2.045 in the short run (ROI = 104.5 percent),
and 2.142 in the long run (ROI = 114.2 percent),
while they are 1.475 in the short run (ROI = 47.5
percent) and 1.544 in the long run (ROI = 54.4
percent) for dehydrated products. In general,
therefore, marketing investments in the retail
market provide returns that are likely far above
growers’ return on competing investments.
• The volume of potatoes of each type in the foodservice market was calculated from the annual
supply and utilization analysis conducted for
Potatoes USA by Noedel Marketing, using a
combination of NPD and Technomic data over
the sample period. Foodservice demand was estimated as a function of lagged demand, prices,
marketing investments, macroeconomic factors,
and fixed yearly effects. Unlike the retail model,
we estimated the demand for only one type of
fresh potato as buyers do not differentiate between bagged and bulk in this market. The average price elasticity of demand in the foodservice
market was -0.604 in the short run and -1.114
in the long run, on average over all potato types
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and regional markets. All estimated parameters were highly statistically significant. The
elasticity with respect to consumer marketing
is 0.053 in the short run and 0.097 in the long
run for fresh potatoes, 0.069 in the short run
and 0.127 in the long run for chips, 0.029 in the
short run and 0.054 in the long run for frozen
potatoes, 0.059 in the short run and 0.109 in
the long run for refrigerated potatoes, and 0.049
in the short run and 0.091 in the long run for
dehydrated products. Our estimates show substantial persistence for marketing effects in each
product-market in the foodservice market, which
explains the sharp difference between the shortand long-run estimates.
• BCRs were also calculated for the foodservice
market. Consumer marketing in the foodservice
market has a BCR of 1.449 in the short run
for fresh potatoes (ROI = 44.9 percent), and
a BCR of 1.929 in the long run (ROI = 92.9
percent). The estimated BCR for potato chips
is 6.031 in the short run (ROI = 503.1 percent)
and 8.033 in the long run (ROI = 703.3 percent). Returns to frozen potato marketing in
the foodservice market are 5.727 in the short
run (ROI = 472.7 percent) and 7.628 (ROI =
662.8 percent) in the long run. For refrigerated
potatoes, marketing in the foodservice market
returns 0.927 dollars of incremental profit for
the next dollar invested in the short run (ROI
= -7.3 percent) and 1.234 (ROI = 23.4 percent)
in the long run. Returns to marketing in the
dehydrated market are 1.749 in the short run
(ROI = 74.9 percent) and 2.329 in the long run
(ROI = 132.9 percent). Note that the negative
return on investment of 7.3 percent in the refrigerated potato to consumer activities in the
foodservice market in the short run suggest that
this program was ”underwater” over the sample
period. In the long run, therefore, all marketing
activities have BCRs greater than 1.0, and are
profitable in the long run as they provide returns
greater than members likely opportunity cost of
capital (approximately 5.0 percent).
• In the export market, the BCRs for all four
products (fresh, frozen, dehydrated, and seed)
are significantly larger than 1.0, indicating that
the benefits of export promotion are larger than
the costs. Specifically, the BCRs for dehydrated,
fresh, frozen, and seed potato export promotion
are 12.66, 4.14, 9.70, and 3.04 in the short-run,

respectively (ROI = 1,100.66 percent, 314.00
percent, 870.0 percent, and 204.0 percent). The
long-run counterparts are substantially greater
and, arguably, more relevant for Potatoes USA
evaluation purposes. In this case, the BCRs
range from a low of 3.04 (ROI = 204.0 percent)
in the case of seed (where the short- and longruns do not differ) to a high of 58.08 (ROI =
5,708.00 percent) in the case of frozen potatoes.
This is indeed a remarkably high return, and
suggests perhaps a reallocation of efforts toward
this market segment. Expressed differently, the
benefits of export promotion in terms of the average dollar investment returned 12.66 dollars,
4.14 dollars, 9.70 dollars, and 3.04 dollars in
profits. The overall BCR for all four programs
is 4.27 in the short-run, and 11.56 in the longrun. Based on these average BCRs, it appears
that frozen potato export promotion offered the
highest return on investment followed by dehydrated products, then fresh, and finally seed
potato export promotion.

Introduction
In 2010, immediately prior to our sample period,
US consumers purchased 66.1 lbs per capita of potatoes of all types, up from some 65.9 lbs per capita
in 2009 (USDA-ERS 2016). With stagnant income
growth over the intervening years, and an increasingly competitive array of food products available
to consumers, apparent per capita consumption had
fallen to 62.1 lbs per capita by 2014. At the same
time, average retail prices for fresh potatoes rose from
49 cents per pound to 57 cents per pound (Nielsen
2016). With rising prices, consumer demand may
have, in fact, risen over this time period. If higher
prices are responsible for the decline in apparent
consumption, the industry still may be in a better
position than it was five years ago. Summary evidence, however, hides what the underlying state of
consumer demand in the complex market, or markets,
for US potatoes.
Econometric analysis is required to determine
where potato consumption would be in the absence of
any Potatoes USA marketing activities. Because the
food market is a crowded place, and growing demand
is difficult, it is necessary to control for all possible
factors that may have influenced potato consumption
and prices in order to disentangle the unique effect of
Potatoes USA’s work. The difference between what
we observe in sales reports and what might have been
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constitutes a return on investment. In this study, we
quantify that return and determine what works for
marketing potatoes in the long and short run using
econometric models of potato demand in both the
domestic and export markets.
What is an econometric model, and why are they
useful? Econometric models are statistical methods
that are able to identify the true causes of observed
changes in demand when many things are changing at
the same time: prices, incomes, tastes, demographics
and, most important for the purposes of this study,
marketing investment. Econometric models answer
the question: if everything else is held constant, what
is the independent effect of changes in advertising
or promotion? For immediate purposes, econometric
models are useful because the 2002 Farm Security
and Rural Investment Act (FSRIA) requires econometric analyses of federally-sanctioned marketing
organizations every five years. More fundamentally,
however, investment and allocation decisions are better informed when the stakeholders know what works
and what doesnt, or what deserves more investment
and what less. The models used here are designed
with this purpose in mind.
We also recognize that many investments made
by Potatoes USA are long term in nature. Whether
it is communicating nutritional messages, spreading
the word about new menu items, or even building
a strong web-presence, marketing investments are
intended to build the brand as a long-term proposition. In this study, we estimate both the shortand long-term effects on demand of Potatoes USA
activities, and define member returns to include both
immediate impacts and those that may not be felt
until several months in the future.

Objectives
The primary objective of this research is to estimate
the long-run return on growers investment in Potatoes USA marketing activity during the period 2011
- 2015 in both the domestic and export markets.
To this end, our research encompasses a number of
intermediate objectives. They are:
• To estimate the long-run impact of Potatoes
USA marketing activities on the retail, foodservice, and export demand for all types of potatoes
(product forms and packages) using a variety
of econometric modeling techniques applied to
scanner and shipment data.
• To determine the long-run impact of Potatoes

USA marketing activities on retail and grower
prices by developing models of each supply
chain.
• To use the estimated demand effects at the
grower level to calculate an expected annual
increment to grower profit, the net present value
of all future profit (net of program costs) and,
ultimately, the return on investment (defined
as the benefit:cost ratio, or BCR) due specifically to Potatoes USA marketing and research
activities.
To achieve these objectives, retail sales data is
essential in order to accurately measure the demand
for potato products that may have changed in response to a particular marketing activity. In this
respect, we have access to an ideal data set, made
available by Nielsen, covering both perishable and
center-of-store potato-product types. Nielsen ”scanner” data measures all potatoes purchased through
point-of-sale terminals at all retailers with greater
than 2.0 million dollars in sales. The data include
sales measured in both dollars and volume, which we
use to impute a price per unit of volume. The data
also includes a measure of the volume sold each week
on promotion, which we use to control for the impact of price-promotions on retail volume. All retail
sales data are available on a weekly basis over the
entire sample period (2011 - 2015), and for a range of
sub-categories, including both bagged and bulk fresh
potatoes, potato chips, frozen potatoes, refrigerated
potatoes, and dehydrated products. While scanner
data is not perfect, as it still leaves out smaller stores
and some other that do not participate in the data
syndication process, it remains the gold-standard for
measuring demand at the retail level.
Data on foodservice movements proved more problematic. For the previous evaluation, conducted in
2012, Potatoes USA contracted with NPD, Inc. to
acquire quarterly survey data of all potato products
moving from manufacturers to foodservice outlets –
restaurants, schools, hospitals, and the like. However,
this PotatoTrac data was not available for the 2016
analysis. Instead, we had access to annual surveys
provided by Technomic, Inc. that provided snapshots without the frequency required for statistical
analysis. Therefore, we used the annual supply and
utilization estimates prepared by Noedel Marketing
for Potatoes USA, and imputed monthly variation
in demand by assuming a similar seasonal movement
as the retail data. Because we did not have access to
foodservice prices, we constructed an index of prices
from the Nielsen data, and used this as a proxy for
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the wholesale prices that foodservice buyers would
have paid for each type of potato. While our approach is far from perfect, we are confident that it
captures the trend in foodservice demand, and the
effect of Potatoes USA marketing activities on that
demand.
Data for the export-market component is less controversial. The United States Department of Commerce maintains a long-standing database of US
imports and exports that are ideal for our purposes.
By tracking both volumes and the value of trade, we
are able to impute prices associated with annual volume movements to virtually any part of the world we
maay be interested in. Combined with measures of
macroeconomic performance in each importing country (exchange rates, gross domestic product, and
inflation), we are able to account for a large proportion of the observed variation in import demand.
Typically, the independent effect of marketing investments are estimated with a high degree of precision
in export markets.
Our measures of marketing intensity are drawn
from Potatoes USA financial records, on a monthly
basis, and represent the amount actually spent each
month, as opposed to the amount budgeted. Although expenditures are available for a number of
marketing categories (e.g., consumer and nutrition,
retail, research, Chip Program, Fry Program, and administration) not all of these programs are intended
to directly impact retail, foodservice, or export demand, as the case may be. Therefore, our econometric models include a measure of consumer-focused
marketing activity, that aggregates both consumer
and nutrition and retail expenditures into one investment category. This variable captures the bulk of
monthly Potatoes USA spending, and nearly all that
is intended to grow long-term demand.
As a technical matter, weekly prices in the retail
model, and monthly prices in the foodservice model,
are endogenous, meaning that they are determined
at the same time as demand quantities. In other
words, when prices and quantities change at the
same time, it is impossible to disentangle the effect
of marketing activities on demand without some way
to independently control for price variation. For
this purpose, we use input prices as instruments for
the retail price. Specifically, we use prices on range
of farm inputs, from chemicals to fuel, labor, and
business services, in order to instrument for retail
prices. All of these prices are taken from public data
sources, including USDA-NASS and the Bureau of
Labor Statistics.
All data analysis methods are well understood and

Table 1: Budget Data, FY 2011 - 2015

Dollars / Month
2011
2012
2013
2014
2015

155,339
139,952
166,476
187,048
229,122

accepted in the marketing-evaluation field and have
been used extensively by the researchers.
In the next section, we describe the specific estimation methods used for each model, and we explain
the economic logic behind our approach. Table 1
summarizes the marketing-budget data used in the
analysis (Note: All values are in thousands of dollars
per month, on average).

Demand Models
Overview
Marketing activities benefit grower-shippers by increasing demand, thereby raising surplus, or profit,
on all potatoes sold. Therefore, modeling demand
is at the core of any econometric analysis of the returns to commodity marketing. In this section, we
describe in detail the three demand models estimated
in order to achieve the goals described above: (1)
a product-specific retail demand model, and (2) a
foodservice demand model, and (3) an export demand model. In the following section, we describe
how elasticity estimates from these demand models
are used to calculate incremental profit, and return
on investment.

Retail Demand for US Potato Products
The first model estimates the demand for each of six
different potato types (fresh bagged, fresh bulk, chips,
frozen, refrigerated potatoes, and dehydrated potato
products), aggregated over all 9 Nielsen regions in
the US, on a weekly basis, from 2011 through 2015.
In this model, the weekly volume sold of each potato
product is assumed to be driven by its own price, a
variable capturing the proportion sold on promotion,
a set of regional indicators, income (gross domestic
product, GDP per capita), lagged potato sales, and
a measure of marketing activity in the current week.
For current purposes, our measure of promotional
intensity is defined as simply dollar expenditures.
While expenditures are not ideal for this purpose,
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they do represent valid proxy variables in an environment of relative price stability. Including lagged
sales of each potato type accounts for the long-term
effect of each demand-determinant through a ”geometric lag” process. Intuitively, this mechanism
implies that changes to each demand variable has a
relatively large initial effect, but the effect declines
slowly to zero over time. The time required for the
effect to disappear entirely is known as the ”adjustment period” for the model. The specific form of
the model (a random-parameters log-log model) is
well-accepted in the quantitative marketing literature, and regarded as state-of-the-art for demand
analysis.
Our choice of these variables is guided by bestpractices from the promotion-evaluation literature.
As such, there are a number of fundamental principles that we capture with this econometric specification. First, advertising is expected to have a
long-lasting effect on demand. Therefore, we differentiate between the short-run and long-run effects of
both price and advertising as investments in ”brand
equity” are assumed to accumulate slowly over time.
Second, advertising is subject to the principle of
diminishing marginal returns. That is, the more a
particular medium is used, the less the incremental
gain from an additional dollar spent on that medium
so we assume marketing activities have a non-linear
effect on demand. Third, marketing expenditures
generally have differing effects for each type of product, so we allow for random marginal effects for each
product type.
Marketing programs are an investment and not
an expenditure, so are expected to have a lasting
effect on consumers perception of the product, and
their likelihood of purchase. Whether this is through
brand loyalty for a consumer good, goodwill toward a
commodity, or simply by contributing to consumers
stock of knowledge regarding the nutritional and
taste attributes of a product, the effect of marketing
activities both builds over time with additional expenditure, and decays as older campaigns are forgotten
or abandoned. Being able to model the lagged-effects
of advertising carefully is important as these competing effects likely differ in strength as time passes. For
example, publishing the effects of new nutritional
research results may result in an increase in demand
only after a considerable amount of time has passed
before consumers learn or truly understand the effect, while older research results may be forgotten
or superseded by new results. To capture the complexity of the dynamics involved in this process, we
model each measure of marketing intensity using a

geometric lag model. Simply put, a geometric-lag
process is a flexible and parsimonious way to capture
both long-term and short-term advertising impacts
in an econometric model. We develop the geometric
lag model more formally in the appendix.
Measures of the stock of advertising capital, or Aij
in the econometric model, typically comprise expenditure values for each marketing activity. Doing so is
convenient because the estimated parameter provides
a direct measure of the marginal or incremental effect
of one more dollar of expenditure. We then measure
the effectiveness of marketing investments on each
potato type by calculating the marginal effect on
sales volume per dollar spent in each area through
the advertising elasticity metric. In this way, our
method produces a direct measure of how the incremental, or ”last dollar,” of marketing expenditure
influenced demand.
Price promotion is also likely to have a significant
effect on demand. The retail data included a measure of the number of pounds sold on promotion,
so we created a promotion proxy by calculating the
proportion of volume in a given week sold on promotion, relative to total pounds. Including a measure of
promotion activity is important, because we need to
accurately measure consumers’ response to changes
in the everyday, ”shelf” price in order to capture
the true shape of the demand curve. If we did not
include a measure of promotion, changes in the shelf
price would be easily confused with temporary price
reductions. In models of retail demand, measures
of price-promotion typically capture a strong positive effect of temporary price reductions on demand.
In fact, Potatoes USA marketing officials may be
interested in these estimates as they extend their
category-management partnership program with retailers throughout the US. Therefore, we expect to
find a positive relationship between this variable, and
the amount of weekly volume movement.
Casual inspection of retail potato sales data shows
that they are subject to mild seasonality. Peaking
at Thanksgiving, Christmas, and, to a lesser extent,
Easter and the Fourth of July, this pattern is repeated
reliably from one year to the next. Essentially, the
demand curve shifts on a regular pattern from one
season to the next, in a manner that is relatively
consistent from year to year. Therefore, the econometric model is designed to represent this seasonality
in a parsimonious and useful way. Specifically, we
capture seasonality by including holiday fixed-effects,
or simple binary indicators that allow the demand
curve to shift during each period, in the model.
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Foodservice Demand
We estimated a second model of demand focusing
on the foodservice market. Although foodservice,
comprising not only restaurants, but schools, hospitals, prisons and other institutions, is an important
market for potatoes of all types, Potatoes USA does
not gather detailed data at any frequency above
annual. Firms such as Technomic and NPD track
consumers’ away-from-home eating behaviors, but
their data provides information only on whole-meal
choices and total-bill prices. Consequently, we use
annual foodservice sales reported by Noedel Marketing, as derived from the annual Technomic reports,
as described above. These data are not ideal for our
purposes, but are assumed to be a reasonably accurate measure of what is purchased by foodservice
managers.
Foodservice purchases are what is known as a
derived demand, meaning that potato products are
not purchased by the ultimate consumer, but by the
restaurant or other organization that serves them.
Therefore, the relevant price paid is the wholesale
price. However, grower prices are not captured by
Potatoes USA, nor by the USDA, at any frequency
better than annual. Therefore, we use a weekly retail
price index calculated from the Nielsen data above
as a proxy for the wholesale price of foodservice
potatoes. Because there are many types of potato
and potato products purchased for foodservice uses,
we construct a value-weighted index by dividing the
total dollars spent by the volume purchased. This
”unit value index” represents a reasonable proxy for
the average price paid for foodservice potatoes.
In addition to the weekly price of foodservice potatoes, the foodservice demand model includes yearly
indicator variables, per capita income, and marketing
investments. We account for the long-run effect of
marketing investments in a method similar to that
described above, that is, we allow for each type of expenditure to have an lasting effect through a geometric lag process. Essentially, a geometric lag simply
means that the investment has its largest effect in the
first month, and then declines geometrically for every
month after that. In terms of the econometric model,
a geometric lag is specified simply by including a
one-period lagged value of the dependent variable
(lagged quantity). We also account for the diminishing marginal returns to marketing investments by
taking the log of each type of investment. We again
use consumer marketing, and consumer-focused retail
investments, both on a monthly basis.
Algebraically, the foodservice and retail models

are relatively simple, and are described more completely in the appendix below. In each, we regress
the market share of each item on the set of explanatory variables described above. This ”logit” demand
model has the advantage that each of the estimated
parameters is easily converted into a relevant elasticity measure. Elasticities of demand, in addition to
the elasticities of supply and price transmission, are
all that is needed to calculate the returns to potato
marketing.
As with the retail model above, we estimate the
foodservice demand model using instrumental variables methods to account for the fact that prices
are likely to be endogenous, or determined simultaneously with the quantity demanded. Instruments
for prices in both models are formed from a set of
input prices (chemicals, fertilizer, energy and various
services used to produce potatoes) as well as other
variables that are determined outside of the demand
model, such variations in the U.S. population, interest rates and lagged consumption values. These
instruments explain much of the variation in prices
and are independent of the equation errors a priori.

Export Demand
The data available for modeling US trade flows means
that the set of products used in the international
model differs from that used in either of the domestic
models. Specifically, the export market model consists of four separate export demand equations for
US potatoes: (1) fresh, (2) frozen, (3) dehydrated,
and (4) seed potatoes.
To estimate the impact of Potatoes USA marketing activities, we use annual potato trade data
obtained from the United States Department of Commerce, Foreign Trade Division (Harmonized Coding
System, Schedule B). Potatoes USA export activity
data were provided by organization staff, and include
both USDA/MAP and private expenditures on foreign market development activities. All expenditures
are aggregated together into a single foreign market
activity for each country/region.
For the fresh, frozen, and dehydrated import demand models, the following countries/regions are
used: Japan, South Korea, China, Taiwan, Mexico,
and the ASEAN region. The seed model includes
a different set of countries, because Potatoes UsA
focuses on different markets for this product: Honduras, Uruguay, the Dominican Republic, Nicaragua,
Brazil, Sri Lanka, Egypt, Sub Saharan Africa, and
the rest-of-the-world (ROW).
Macroeconomic data for each market and region
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are obtained from the USDA/ERS international
macroeconomic database. The variables collected
for each country/region include real Gross Domestic
Product, agricultural adjusted exchange rates, and
Consumer Price Indices.
As with the other models, the potential long-term
impact of market development expenditures is estimated using a flexible, geometric lag specification.
The four import demand equations for US potatoes are estimated with (1) imports of US potatoes
(fresh, frozen, dehydrated, and seed) as the dependent variable. These variables are measured on a
volume basis (in metric tons) for each calendar year.
In each equation, import volumes are assumed to be
a function of a set of explanatory variables. These
variables include each of the following: First, we use
a unit value index, or the price of each potato type,
calculated by dividing the total value of US imports
by the volume imported. Second, the quantity of
annual potato imports from the US for each product
in the proceeding year, or lagged import volumes.
Third, we include the average annual real (inflationadjusted) GDP for each importing country/region,
to capture variation in purchasing power in each importer. Fourth, each model includes an average annual agricultural adjusted exchange rate (ER) of each
importing country/regions currency per US dollar
in order to reflect changes in exchange-rate adjusted
prices. Fifth, we include total annual Potatoes USA
promotional expenditures, plus USDA/MAP foreign
market development expenditures in each country.
Imports in the previous year are included to capture dynamic effects of international trade rigidities,
i.e., imports from the US last year should be highly
correlated with imports from the US this year. The
US potato price for the four products are computed
as the total value of imports divided by the total
quantity of imports. Hence, the US price is computed as a unit value measure and reflects the overall
category for fresh, frozen, dehydrated, and seed. The
US price is expected to be negatively related to the
volume of imports from the US in each country such
that a lower price results in higher US import quantity demanded reflecting the law of demand.
The relationship between GDP and the demand
for US potatoes is expected to be positive. As countries become wealthier, the demand for US potatoes
should increase. The exchange rate has been shown
to be an important determinant of the demand for
US imports because it reflects the true price, in local
currency, of purchasing imported potatoes. Again
consistent with the law of demand, the relationship
between exchange rates and the import demand for

US potatoes is expected to be negative, or inverse.
That is, as the US dollar deflates relative to importercurrencies, US potatoes become relatively less expensive, and import demand increases.
Marketing investments by Potatoes USA are modeled in terms of expenditures on foreign market development, or export promotion, in the importing
regions. To remove the effects of inflation on eroding
promotion expenditures, US potato export promotion expenditures are deflated by the Consumer Price
Index (CPI) in each importing region.
Unlike the three other models which were estimated in double logarithmic form, the import demand model for seed potatoes is estimated as a tobit
model in linear-logarithmic form because there are
many years that some of the importing countries
had zero US imports. In addition, lagged imports
is not significant in the seed potato model and is
therefore omitted as an explanatory variable in the
final model.
For all models, the initial model estimated included
all the variables above. Subsequently, the step down
statistical regression technique was used where individual variables that were found to be statistically
insignificant were deleted from the model in a sequential fashion until the final model included only
variables that were statistically significant. Therefore, some of the final models did not included all
the independent variables listed above, but rather
only the statistically significant variables.

Calculating Return
With the demand effects estimated above, we then
calculate the return to marketing investments for
each potato type. We use two, equivalent measures
of return: (1) the benefit:cost ratio (BCR) and (2)
the return on investment (ROI). BCR is calculated
as the ratio of the present value of grower profit to
the amount of investment. ROI is calculated as the
ratio of the present value of the incremental gain in
profit (producer surplus) generated by each program
in the most recent fiscal year to the total amount of
capital invested, or the cost of each type of marketing
activity. Although the mathematical details of how
incremental profit is calculated are in the appendix
below, the intuition is straightforward.
Incremental profit is the present value of the difference between higher revenue generated from the increase in demand and higher production costs. BCR
is expressed on a per-dollar-of-investment basis as it
communicates how much profit each invested dollar
is expected to generate. ROI is expressed on an an-
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nualized, rate of return basis in order to remain as
Table 2: Retail Demand Model Estimates
comparable as possible to returns growers can expect
Short-Run Long-Run
on other investments, such as capital invested in their
farms or in external capital markets. Because we
Price
estimate both short- and long-run demand elasticiAll
-0.617
-0.674
ties, we estimate both short- and long-run changes
Marketing
in profit. In the long-run calculation, however, we
Fresh-Bagged
0.024
0.026
also allow for the fact that growers are likely to inFresh-Bulk
0.047
0.052
crease the supply of potatoes in response to higher
Chips
0.049
0.053
returns so we account for the feedback effects that
Frozen
0.035
0.038
are expected to result from a successful marketing
Refrigerated
0.042
0.046
program. Further, because the BCR / ROI estimate
Dehydrated
0.031
0.033
depends on the parameters of the producer surplus
model (the elasticity of supply), we calculate BCR
/ ROI using a value for the supply elasticity taken
that increasing promoted volume relative to nonfrom the literature on potato supply (Molina and
promoted volume by 10 percent can be expected
Richards 2014).
to increase total sales (of both promoted and nonpromoted potatoes), on average across all items, by
1
percent. If the goal is to increase potato volume,
Results and Discussion
price-promotion is clearly an effective tool to do so.

Demand Models
Retail Demand Results
Retail demand was estimated using the econometric
model described above. Based on the estimates from
this model, we calculated response elasticities with
respect to the retail price and marketing activities
for all potato types, and summarize these elasticity
estimates, both short-run and long-run, in table 2.
Most importantly, the short-run price elasticity is approximately -0.62, which is substantially lower than
in our previous study (Richards 2012). Our elasticity
estimate is relatively low because we aggregate over a
large number of brands, package types, and product
lines for each product type and elasticity estimates
averaged over very specific product variants are, logically, much lower than when estimated for highly
differentiated sub-aggregates. In particular, studies
that do not distinguish between varietal demand are
likely to miss the fact that consumers tend to substitute among products, so ignore an important source
of demand variation. A price elasticity of -0.62 means
that if price were to rise by 10 percent, the retail
quantity demanded would fall by 6.2 percent, all else
equal. In the long-run, the elasticity is slightly larger,
at -0.67, with a similar interpretation.
It is also important to note the statistical significance, and economic impact, of price-promotion in
the retail market. We found that price-promotion
was the most significant determinant of retail demand, with a short-run elasticity of 0.101, and a
long-run elasticity of 0.111. These estimates mean

All of the marketing-mix elasticities were found
to be statistically significant, and positive, which
means that marketing activity for each product –
independent of the other variables – had a positive
effect on demand. In terms of the individual product
elasticities, we found a short-run marketing elasticity
for fresh bagged potatoes of 0.024, and a long-run
elasticity of 0.026. These estimates mean that a
10 percent increase in consumer-focused marketing
investments can be expected to lead to a 0.24 percent
increase in retail demand for fresh bagged potatoes
in the short run and a 0.26 percent increase in the
long run. For fresh bulk potatoes, we found a shortrun elasticity of 0.047, and a long-run elasticity of
0.052. A larger response for bulk potatoes in the
retail market may be an indication that effective
messaging resonates most effectively with consumers
who are willing to pay more for their potatoes, and
prefer to choose their own than buy a pre-filled bag.
In terms of processed potato products, we found
a short-run marketing elasticity for potato chips of
0.049, and a long-run value of 0.053. Finding marketing to be more effective for value-added items is
perhaps not surprising because they are more highly
differentiated in the retail market, generally branded
(or private label) and have a higher unit value. Each
of these characteristics is more conducive to effective advertising. Similarly, the marketing elasticities
for frozen potatoes is 0.035 in the short-run and
0.038 in the long-run, while the estimate for refrigerated potatoes is 0.042 in the short-run and 0.046
in the long-run. We found an elasticity for dehy-
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Table 3: Foodservice Demand Model Estimates

Short-Run
All
Fresh
Chips
Frozen
Refrigerated
Dehydrated

Price
-0.604
Marketing
0.053
0.069
0.029
0.059
0.049

Long-Run
-1.114
0.097
0.127
0.054
0.109
0.091

drated potatoes of 0.031 in the short-run, and 0.033
in the long-run. In general, our estimates across all
potato types are remarkably similar, which may indicate that the mechanism underlying the activities
employed has a similar effect on consumers of each
different product.
Foodservice Demand Results
Like retail potato demand, foodservice demand was
found to be inelastic with respect to prices (table 3)
in the short-run, but was found to be elastic in the
long-run. The short-run price elasticity of demand
is -0.604 and the long-run price elasticity is -1.114.
In general, foodservice demand is more elastic than
retail demand because foodservice operators tend to
be more attentive to cost, and substitute more freely
across items or sources in order to meet a much larger
volume-demand. Moreover, potatoes are a relatively
large part of their budgets, so small changes in wholesale potato and potato-product prices are not easily
overlooked. Moreover, finding a long-run elasticity
that is substantially larger than the short-run elasticity is due to the fact that the rate of adjustment
over time is relatively small, which means that quantity demanded adjusts to its long-run equilibrium
value only slowly over time. For marketing purposes,
however, it is the short-run price elasticity that matters as markets are always in a state of fluctuation
and price changes in one month are nearly always
superseded by changes in the following month.
Again, because foodservice demand is derived from
what consumers are asking for at restaurants and
other institutional settings, the same marketing variables are expected to move foodservice sales. Based
on the results shown in table 3, we find a shortrun elasticity of foodservice demand with respect
to consumer-focused marketing of 0.053 and a longrun elasticity of 0.097 (see table 3). Foodservice
demand responds more sharply to marketing invest-

ments than does retail demand because consumers
in foodservice settings are more likely to try new
things, to experiment, and try one-time purchases
that they perhaps wouldn’t consider in a retail store.
Professional preparation is also more important in
a foodservice setting, so while consumers may not
try to prepare a dish at home, they would try it if
someone else, professionally trained, were to make it
for them.
A similar pattern emerges with respect to the effect of marketing activities on other potato products,
namely that the response-elasticity tends to be larger
than its retail counterpart. For example, the shortrun elasticity for chips is 0.069, while the long-run
estimate is 0.127. The long-run chip estimate was
the largest of all the product - channel combinations
we considered in the analysis. Further, the short-run
elasticity for frozen potatoes was 0.029, which was,
in fact, smaller than its retail estimate, and 0.054 in
the long-run. The estimate for refrigerated potatoes
was 0.059 in the short-run, and 0.109 in the long-run,
while the short-run estimate for dehydrated potatoes
was 0.049, and 0.091 in the long-run. The large gap
between short-run and long-run estimates means that
advertising investments of all types can be expected
to have a more lasting effect in the foodservice market relative to the retail market. Although these
elasticities are of value independent of any other purpose, our primary interest in estimating them is to
use them as inputs to the returns-calculation model.
We present these results next.
Export Demand Results
The import demand models for fresh, frozen, and
dehydrated potatoes are estimated in logarithmic
form with annual data from 2007 through 2015 for
the six importing regions mentioned earlier in this
report. In table 4, we report the elasticities that are
of interest to our objectives here, estimated holding
each of the other explanatory variables constant.
For all variables, the elasticity signs are consistent
with economic theory, and the majority of estimated
coefficients are statistically significant.
Not surprisingly, the price of US potatoes is a
significant factor in explaining annual variations in
imports in all three models. The estimated shortrun own-price elasticities for dehydrated, fresh, and
frozen potatoes are -1.072, -0.330, and -0.485, respectively, indicating that a 1 percent increase in the US
price would decrease imports by 1.072 percent, 0.33
percent, and 0.485 percent in the short-run, holding
all other demand determinants constant. The long-
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Table 4: Export Demand Model Estimates

Short-Run
Fresh
Frozen
Dehydrated
Fresh
Frozen
Dehydrated

Price
-0.330
-0.485
-1.072
Marketing
0.015
0.011
0.079

Table 5: Export Demand Seed Model Estimates

Long-Run

Variable
Exchange Rate
GDP
Marketing

-0.817
-2.904
-1.925
0.037
0.066
0.142

run own price elasticities for these three products
are -1.925, -0.817, and -2.904, respectively. Relative
to the estimates for either of the domestic models,
therefore, it is clear that export demand is substantially more elastic, particularly in the long-run. One
explanation for this finding is that importers have
more alternatives for their potatoes than do domestic consumers, so if the price changes, they are able
to more readily substitute to potatoes from another
source.
As in the domestic models, our estimates provide
statistical support for the effectiveness of US potato
export promotion programs, which are funded by
public-private contributions. In fact, the estimates
in table 4 show that Potatoes USA marketing efforts
have the effect of increasing the export demand for
all types of US potatoes. The estimated short-run
export promotion elasticities for dehydrated, fresh,
and frozen potatoes are 0.079, 0.015, and 0.011, respectively. That is, holding all other demand factors
constant, a 1 percent increase in US potato export
promotion expenditures would result in a 0.079 percent, 0.015 percent, and 0.011 percent increase in
imports of US dehydrated, fresh, and frozen potatoes in the short-run. The long-run export promotion
elasticities for these three products are: 0.142, 0.037,
and 0.066, respectively. Although each of these elasticities suggests that Potatoes USA increases the
demand for US potatoes abroad, whether the increase in demand is sufficient to cover the cost of
each program depends on the resulting change in
price, and profit, to US growers.
Annual data from 2007 through 2015 are also used
with the nine importing regions mentioned earlier in
this report to estimate the seed potato tobit model.
In the initial estimation of the model, lagged seed
potato imports and price are not significant and
hence are deleted from the final model. This means
that the short-run elasticities with respect to all

Elasticity
-0.480
0.804
0.156

variables are the same as the long-run elasticities,
and variation in the exchange rate captures most of
the price-based variation in demand. All remaining
variables have elasticity signs that are consistent
with economic theory and are statistically significant
at conventional confidence levels. The estimated
elasticities are summarized in Table 5.
Based on the results in table 5, the most important
demand determinant for seed potatoes is the GDP
of the importing country. The estimated elasticity
is 0.804, which means that a 1 percent increase in
GDP increases US imports by 0.804 percent, holding
all other factors constant. The value of the US dollar
as measured by the exchange rate is negative and
statistically significant, indicating that an increase
in the value of the US dollar decreases imports of
US seed potatoes. The estimated elasticity for ER is
-0.488, which means that a 1 percent increase in the
value of the US dollar decreases imports of US seed
potatoes by 0.488 percent, holding all other demand
determinants constant.
Like the three other products, US potato export
promotion programs have the effect of increasing the
import demand for US seed potatoes. The estimated
export promotion elasticity is 0.156, which suggests
that a 1 percent increase in US seed export promotion expenditures increases seed potato imports by
0.156 percent, holding other factors constant. This
is significantly higher than that for the other three
potato products, and implies that export promotion
is more effective in increasing the demand for seed
than either fresh, frozen, or dehydrated products.
Again, however, whether investing in seed promotion is profitable ultimately depends on the effect of
marketing on grower profit.

Returns to Marketing Investments
Overview
In this section, we present and explain the returns to
marketing investments for each product in the retail,
foodservice, and export channels. Further, due to
the long-term nature of marketing investments, we
calculate the present value of incremental profit over
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Table 6: Retail and Foodservice BCRs

Retail

Foodservice

Short Run
Fresh-Bag
Fresh-Bulk
Chips
Frozen
Refrigerated
Dehydrated

1.174
2.311
2.374
1.717
2.045
1.475

1.449
—
6.031
5.727
0.803
1.749

Long Run
Fresh-Bag
Fresh-Bulk
Chips
Frozen
Refrigerated
Dehydrated

1.229
2.420
2.487
1.798
2.142
1.544

1.929
—
8.033
7.628
1.234
2.329

the sample period and report both BCR and ROI
measures.
Taking into account the entire future stream of
profit due to an investment in each period is important because any marketing investment is expected
to have long-term demand effects. Our calculations
provide estimates of the marginal return, as opposed
to the average, as growers and shippers are interested
in the return on the next dollar invested when making
budget allocation decisions. In this study, we calculate BCRs and ROIs for marketing activity for each
type of potato product in the retail, foodservice, and
export markets over a range of possible supply elasticities, from 0.25 to 1.5 with the most-likely value
1.0, and report the most-likely BCR values in table 6
below. The ROI values show a similar pattern, so are
not included in the table. In general, returns fall as
the elasticity of supply rises (price effects are muted
with more elastic supply) and, given that empirical estimates of most commodity-supply elasticities
are substantially lower than 1.0, our estimates are
relatively conservative.

Returns in the Retail Market
From the results reported in table 6, we see that
marketing activities generate positive returns for all
products in the long-run as all BCR values are above
1.0. Recall that a BCR greater than 1.0 means that
an activity generates more dollars in incremental
value (present value of future profit) than the investment cost. A BCR of exactly 1.0, however, generates
a rate of return (ROI) of 0 percent, which is not likely

above growers’ opportunity cost of capital. Therefore a BCR of 1.05 or greater (ROI of 5 percent)
should be interpreted as covering the cost of the
investment, and a conservative estimate of growers’
cost of capital.
With respect to individual product-types, the estimates in table 6 show that investments in the retail
market generate BCRs that are generally favorable,
but only marginally so in some cases. For freshbagged potatoes, the short-run BCR is 1.174 (ROI =
17.4 percent), and 1.229 (ROI = 22.9 percent) in the
long-run. In other words, funds invested in marketing activities generate 1.174 dollars of incremental
profit in the retail market for every dollar invested
in the short-run, but 1.229 dollars in the long-run.
Equivalently, the ROI estimates imply that the same
investment would be viable with virtually any reasonable hurdle rate of return in either the short- or
long-runs. To put this into perspective, if the cost
of capital for a typical grower is in the range of 5.0 7.0 percent, a 22.9 percent ROI generates a very substantial surplus return. Because most producers are
presumably invested for the long-run, for practical
purposes the long-run estimate is more meaningful,
and suggests that investments in retail marketing are
highly profitable.
Returns to other product-types in the retail market
show a similar pattern, but generally higher returns.
In the short run, the BCR for fresh-bulk potatoes
is 2.311 (ROI = 131.1 percent), while the long-run
BCR is 2.420 (ROI = 142.0 percent). As in the
fresh-bagged case, any BCR greater than 1.0 more
than covers the initial investment, while a ROI value
greater than a typical grower’s required rate of return
increases the value of his or her operation. Both
measures of return are higher than the estimated
return to marketing fresh-bagged potatoes, so are
strongly positive.
The returns to processed products are similarly
strong. In the short-run, the BCR for chips is 2.374
(ROI = 137.4 percent), while the long-run return is
2.487 (ROI = 148.7 percent). For frozen products,
the short-run BCR is 1.717 (ROI = 71.7 percent)
and is 1.798 (ROI = 79.8 percent) in the long-run.
Refrigerated products show a short-run BCR of 2.045
(ROI = 104.5 percent) and a long-run BCR of 2.142
(ROI = 114.2 percent) and the returns for dehydrated
products are 1.475 (ROI = 47.5 percent) in the shortrun and 1.544 (ROI = 54.4 percent) in the long-run.
In the retail market, the gap between short- and
long-run returns is relatively small because the price
adjustment necessary to re-equilibrate supply and
demand following a shock to demand is rapid.

Page 12 of 16

Potatoes USA Evaluation Report

Returns in the Foodservice Market
In the foodservice channel, marketing messages are
expected to have an impact that is filtered through
buying decisions made by restaurant and institutional food buyers. The estimates in table 6 suggest
that consumer-focused marketing has an expected
BCR for fresh potatoes of 1.449 (ROI = 44.9 percent) in the short-run and a BCR of 1.929 in the
long-run (ROI = 92.9 percent). Processed items in
the foodservice market tend to exhibit higher returns
as the short-run BCR for chips is 6.031 (ROI = 503.1
percent) and is 8.033 in the long-run (ROI = 703.3
percent). The BCR for frozen potatoes is also high
at 5.727 in the short-run (ROI = 472.7 percent), and
7.628 in the long-run (662.8 percent). On the other
hand, the return to marketing refrigerated potatoes
is relatively low, at 0.927 in the short-run (ROI =
-7.3 percent), and 1.234 in the long-run (ROI = 23.4
percent). A negative ROI means that marketing
refrigerated potatoes does not return all of its investment in the short-run, but is easily above-water
in the long-run. Finally, the return to dehydrated
potatoes is strongly positive in both the short- (BCR
= 1.749, ROI = 74.9 percent) and long-runs (BCR
= 2.329, ROI = 132.9 percent). In general, therefore, Potatoes USA marketing is highly effective in
the foodservice market, subject to the caveat that
our data for this analysis was not perfect. Again, if
growers are accurately assumed to be invested for
the long-term, it is only the long-run return values
that are of concern to Committee stakeholders.

Returns in the Export Market
Returns to export market development were calculated in a slightly different way from the domestic
market, but we follow the same principle of calculating incremental profit, and comparing the result
to the amount of investment. To model these impacts, an own price elasticity of supply is incorporated using a constant elasticity form, and sensitivity
analysis is conducted on a range of assumed own
price supply elasticity values, just as in the domestic
market. The simulation procedure begins on the
demand side, where predicted quantities of import
demand are estimated from the estimated import
demand equation. We then assume a particular form
for the supply curve, and equate supply with demand. Next, we calculate the expected change in
grower price by allowing the demand curve to shift
according to the marketing elasticities shown above,
and re-equilibrate the supply and demand curves.

Table 7: Export Market BCRs

Fresh
Frozen
Dehydrated
Seed
Overall

Short-Run

Long-Run

4.14
9.70
12.66
3.04
4.27

10.25
58.08
22.73
3.04
11.56

In this way, we are able to simulate past prices and
quantities. The model is simulated over the last five
years of data using a wide range of supply elasticities,
but we report those from the most-likely scenario
(supply elasticity = 1.0) in the table below.
The model is simulated based on two scenarios:
(1) export promotion expenditures are set equal to
historical levels for each importing region from 201115, and (2) export promotion expenditures are set to
zero for the 2011-15 period. An average benefit-cost
ratio (BCR) is then computed by taking the ratio
of the change in profits between the two scenarios
divided by the change in export promotion costs. The
resulting BCRs for dehydrated, fresh, frozen, and
seed potato export promotion by assumed supply
elasticity are presented in Table 7.
For our assumed supply elasticity, the BCRs are
significantly larger than 1.0, indicating that the benefits of export promotion are larger than the costs. For
example, based on a supply elasticity of 1.0, which
is probably the most plausible estimate for potato
exports, the BCRs for dehydrated, fresh, frozen,
and seed potato export promotion are 12.66, 4.14,
9.70, and 3.04 in the short-run, respectively (ROI
= 1,100.66 percent, 314.00 percent, 870.0 percent,
and 204.0 percent). The long-run counterparts are
substantially greater and, arguably, more relevant
for Potatoes USA evaluation purposes. In this case,
the BCRs range from a low of 3.04 (ROI = 204.0
percent) in the case of seed (where the short- and
long-runs do not differ) to a high of 58.08 (ROI
= 5,708.00 percent) in the case of frozen potatoes.
This is indeed a remarkably high return, and suggests
perhaps a reallocation of efforts toward this market
segment. Expressed differently, the benefits of export
promotion in terms of the average dollar investment
returned 12.66 dollars, 4.14 dollars, 9.70 dollars, and
3.04 dollars in profits. The overall BCR for all four
programs is 4.27 in the short-run, and 11.56 in the
long-run, based on the supply elasticity of 1.0. Based
on these average BCRs, it appears that frozen potato
export promotion offered the highest return on invest-
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ment followed by dehydrated products, then fresh, describing retail sales of retail potatoes are widely
and finally seed potato export promotion.
regarded as accurate and useful for this purpose,
there is less certainty regarding the value of the
USDA-NASS data used for the foodservice market.
Summary of Returns
Future evaluations of this type would benefit greatly
In summary, we find that Potatoes USA marketing from direct measures of consumption and prices
programs are profitable for most product-types in the for potatoes sold into the foodservice market. This
short run (BCR greater than 1.0), while all are prof- recommendation is particularly relevant given the
itable in the long run. Interpreted as returns on the importance of the foodservice market both in terms
last dollar spent, our results suggest that potato pro- of the overall dollar sales level and at the margin, or
duction and marketing would be significantly more the changes in shipments from month to month that
profitable if more dollars were allocated to the activi- have a magnified effect on prices.
ties with the highest return. If marketing budgets are
fixed, then our findings suggest re-allocating funds
toward foodservice promotion, specifically for chips Appendices
and frozen potatoes, in the domestic market, and
Appendix 1. Retail Demand Model
frozen and dehydrated potato products in the export
market.
This appendix describes in more detail the specific
econometric models that are used in estimating the
impact of Potatoes USA marketing activities on the
Conclusions and
demand for various types of fresh potato and potato
Recommendations
products in the domestic retail and foodservice markets. For this analysis, it is assumed that the market
Per capita potato consumption declined slightly over segments are independent so we estimate separate
our study period, but generally higher prices could models for each.
have explained some of the decline. Therefore, statisIn this appendix, we use the retail market model
tical analysis is necessary to determine the indepen- (estimated using Nielsen data) as an example. Implicdent effect of Potatoes USA marketing on demand. itly, by using this model we assume retail potatoes are
This study uses data from 2011 - 2015 to investigate differentiated by product-form (fresh-bagged, freshthe return on investment for grower-shipper dollars bulk, chips, frozen, refrigerated and dehydrated). As
invested in all Potato USA marketing activities, on such, an individual consumer is assumed to choose
a product-by-product basis. Because many factors only one product from all other substitutable prodother than marketing activities can explain changes ucts available to them on that particular trip to
in demand over time, the specific role of Potatoes the store. Consequently, we represent the demand
USA in helping maintain consumer demand is an for retail potatoes with a discrete choice model of
important, and empirical question.
differentiated product demand (Berry 1994; Berry,
We find that all Potatoes USA activities were Levinsohn and Pakes 1995; Nevo 2000). We begin
effective in raising demand when controlling for the by defining a random utility representation of indieffect of prices, seasonality, changes in production vidual household demand, and then aggregate over
conditions and other factors relevant to the demand the distribution of consumer heterogeneity to arrive
for fresh potatoes and processed potato products. at a consistent aggregate demand for potatoes in the
Among the different markets considered, we found market as a whole. We write the utility for household
that marketing efforts were particularly profitable for h as:
chips and frozen potatoes in the foodservice market,
X
and frozen and dehydrated potato products in the
uhj = vhj + hj = β0j +
β1k xjk +
export market. Chips and frozen potatoes were also
k
X
the most profitable in the retail channel, but the
γl f (A1 ) − αpj + ξj + hj .
BCR was less than half that found in foodservice.
l
No product-types exhibited negative rates of return,
either in the short- or long-runs.
where β0j is the maximum willingness to pay for
In arriving at these conclusions, we recognize that potatoes of type or variety j, pj is the retail price
the quality of our findings are inevitably limited of product j, xj is a set of other explanatory variby the quality of the data. While the Nielsen data ables, including price-promotion, personal income,
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seasonality, regional effects, and other indicators to
account for other non-quantifiable factors that may
affect potato sales, f (A1 ) is the stock of marketing
capital created by investments in marketing activity l
by the MC, ξj is an unobservable (to the econometrician) error term and hj is a random error, assumed
to be iid extreme value distributed. Household h
will choose the product of type j if the utility from
this choice is greater than the utility from all other
alternatives. In other words, the probability that
household h chooses j over all others is governed by
the distribution of hj because:
P r(j = 1) = P r(vhj + hj > vhi + hi )
= P r(vhj − vhi + hj > hi ).
As is well understood, if hj is distributed extreme
value, the random utility model in this equation
implies share functions for each product of type j =
1, 2, ..., J of:
Sj =

exp(vhj )
PI
1 +
i=1 exp(vhi )

where Sj is the market share of product type j. This
expression yields the multinomial logit (MNL) model
of discrete choice used by Berry (1994), Nevo (2001)
and many others to study the structure of demand for
differentiated products. Although the simple MNL
model in this equation suffers from the proportionate
draw problem (also called the independence of irrelevant alternatives, or IIA problem), meaning that the
cross-elasticities for all alternatives are equal, the IIA
problem is of little consequence in this application.
Promotion effectiveness depends on the own-price
and marketing-elasticity and, to a much lesser extent, on the cross-price elasticity. Consequently, the
degree of error caused by the IIA simplification is
likely to be very low.
Our primary interest in estimating these equations lies in obtaining price and marketing elasticities. Elasticities are derived from the MNL model by
finding the derivative of the share function in price
(marketing) and multiplying by the ratio of price
(marketing capital) to the mean share. The resulting
expressions are given by:

marketing investments on sales of each potato product. These response parameters form the key input
to the profit calculation model described below.

Appendix 2. Returns Calculation
This appendix describes the way in which we will
calculate the increment to total grower profit given
the impact parameters estimated according to the
procedure described above. This model is similar
to one used in Richards and Patterson (2000) and
was originally developed by Kinnucan et al. (2000).
To calculate profit, the analysis takes into account:
(1) the activity impact on demand quantity (retail
or foodservice), (2) the impact on price, (3) the
feedback effect of higher prices on market supply,
and (4) the transmission of retail prices to the grower
level. Although the final solution consists of a single
equation, the model requires separate components
for each element (1) to (4). Again in mathematical
terms, this model, written in terms of the change in
the log of each variable value, appears as:
X
d ln Qr = Nr d ln P + Gd ln Zr +
Bj d ln Aj
d ln X = Es d ln W
d ln W = Td ln P
wr d ln Qr = d ln X,
where the first equation represents the effect of marketing investments on demand, the second is the
effect on output supply, the third measures the rate
of price-transmission from retail to the farm-gate,
and the fourth is the market equilibrium identity.
Each equation is then substituted into market equilibrium to solve for the resulting price impact of the
marketing program:
X
d ln P = M−1 Gd ln Zr +
M−1 Bj d ln Aj ,
Given this change in prices, the addition to profit is
then calculated as:
X f
dπ =
Si Pi Qi d ln Wi (1 + 0.5d ln Xi ),
i

where the subscript indicating activity l has been
suppressed for clarity. Each of the variables and papj = (∂Sj /∂pj )(pj /Sj ) = αp¯j (1 − S¯j ),
rameter values are defined as follows: W = variables
in price, and:
representing FOB (grower) prices for each product,
X = variables representing supplies of each product,
Ajl = (∂Sj /∂Al )(Āl /S̄j ) = γl Āl (1 − S̄j )
P = variables representing market prices, Qr = variin marketing capital. Evaluating each elasticity spe- ables representing retail and food service quantities,
cific to each product type provides valuable informa- wr = share of market in retail or food service, Sif =
tion on the differential effect of price changes and growers share of the retail dollar for the ith product
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type, Zr and Zx = factors affecting demand in retail
and food service markets, Aj = variable representing
marketing activity j, Nr and Nx = groups of retail
and import demand price-response terms, Bj = response measures for the k th type of activity, T =
price-transmission elasticities (percent of price going
to grower), G = demand elasticities with respect to
exogenous retail factors, Es = supply response elasticities, M = Es T−wr Nr = solution for the change
in price variable. While values for most of these variables are estimated in the relevant demand model,
the supply-response elasticities, price-transmission
elasticities and growers share of the retail dollar are
not. First, reliable estimates of the elasticity of supply are difficult to come by and are not estimable
with the data at hand. Therefore, we calculate the
return to each marketing activity under a range of
supply elasticities from 0.25 to 1.5. Based on previous research for other commodities, however, it is
determined that a supply elasticity of 1.0 in the long
run is the most likely. This means that a 10 percent
increase in the grower price is likely to lead to a long
run increase in the supply of potatoes of 10 percent.
Second, the price-transmission elasticity is calculated
using the formula in Gardner (1975) as:

where exp(−rt) is the present value factor that is
used to calculate the present value of incremental
operating in month t at time 0 at a discount rate
r, cl is the amount of expenditure on activity l and
summing over a sixty month period reflects the assumed long-range planning horizon of Potatoes USA.
If N P Vl is greater than zero at an interest rate that
reflects Potatoes USA members opportunity cost of
capital, then investments in activity l are economically viable.
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USDA reports the farm share of the retail dollar
for all vegetables as 0.255. Given that we have access to both retail and grower prices (USDA-NASS),
we sought to corroborate this value by estimating a
”pass-through elasticity,” which is the responsiveness
of grower prices to changes in retail prices. Using
regression models similar to those described above,
we estimated a pass-through elasticity of 0.29, which
means that for every 10 percent change in the retail
price, the grower price changes by 2.9 percent. Our
estimate was highly statistically significant, meaning
that we are very confident that this estimate is close
to the true value. Therefore, we adopt this value as
an approximation of the share of each retail dollar
earned by potato growers. This model, while appearing quite complicated, is easily implemented with
any spread sheet or data base software. Based on
the incremental profit calculated in the model above,
the net present value of investment in activity l is
calculated as:
T =

S f Eb

N P Vl =

40
X

exp(−rt)dπl − cl ,

t=1
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