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EXECUTIVE SUMMARY

California is the world leader in prune production, accounting for about 99 percent of U.S.
production and 70 percent of the world's supply. The industry, through the California Prune
Board (CPB) and its various packers, especially Sunsweet Growers, the largest marketer of
California prunes, has invested substantially in the promotion of prunes to consumers. This
study analyzes the effectiveness of these expenditures in increasing consumer demand for
prunes and, thereby, in raising industry revenues. The results from this project are useful for
decision makers in the California prune industry as well as to researchers studying the effects of
promotion on market demand. The analysis used to derive the results is also pertinent to other
California commodity groups, in light of increased scrutiny surrounding generic promotion
programs. The study was conducted under an agreement between the CPB and the University
of California, and was carried out by a research team of faculty and graduate students in the
Department of Agricultural and Resource Economics at the University of California, Davis.

The study involved econometric analyses of U.S. domestic demand for California
prunes. Economic theory implies that, to be effective, expenditures on promotion must increase
consumers' demand for the product being promoted. Other factors generally considered to
influence demand, and which need to be incorporated into a demand study, include the price of
prunes, the prices of close substitutes or complements, measures of consumers' purchasing
power, and factors to account for any time trends or seasonality in demand.

Three data sets were assembled to study prune demand. The main data set consisted of
51 observations on retail prune consumption and prices in the United States, reported in
monthly intervals for the period September 1992 to July 1996. Expenditures on promotion by
the California Prune Board and by Sunsweet Growers were closely matched to the four-week
observations on sales for this period. A second data set consisted of annual observations on
domestic prune shipments and prices for the period 1949 to 1995. The measure of promotion in
the annual model consisted of annual real expenditures by the CPB and Sunsweet on all types
of domestic promotion. A third data set consisted of the results of a test market analysis of
television advertising for prunes conducted in six U.S. cities.

Results from analysis of the monthly data indicate that prune promotion has increased
the demand for prunes. Across several alternative model specifications examined and reported
in part 3, prune promotion consistently had a statistically significant, positive impact on retail
prune sales. For the various models estimated using ordinary least squares (OLS), the elasticity
of sales with respect to promotion generally ranged from 0.17 to 0.22, while the promotion
elasticity in the model estimated using 2SLS was 0.21. This means that a 10 percent increase in



expenditures on promotion would have increased sales about 2 percent, holding price and other
explanatory variables constant.

The models based on the annual data series did not perform as well. Promotion,
measured in this case by annual real expenditures by the CPB and Sunsweet on all types of
domestic promotion, generally did not have a statistically significant effect on demand. Such
results were not believable, however, in light of diagnostic tests that we performed to evaluate
our specification of the structure of these annual demand models. The tests led us to conclude
that—either because of poor or missing data or an incorrect model form—the models were not
specified correctly. Thus, we were unable to use the annual data in any meaningful way.

The television advertising test-market campaign was conducted for 12 weeks in Fall
1990, with three cities selected as test markets, and three used as controls. The advertisements
featured generic advertising of dried prunes. Our analysis of the test-market data indicates
that the television advertisements had a positive and statistically significant effect on prune
demand both during the period of the advertising campaign and during the post-test period.
The model we developed indicated that in-store displays, by themselves, had no impact on
prune sales.

A simulation approach was used to translate the effects of promotion on prune demand
into estimates of the resulting marginal benefits (the increase in industry revenues from an
incremental increase in promotional expenditures) to prune growers. Because of our greater
faith in the data underpinning the monthly analysis of demand, the superior statistical
performance of models estimated using the monthly data, and the congruence of these model
results with the results from the test-market analysis, we based our simulation analysis on
results from models estimated from the monthly data. Because the statistical analysis was
restricted to demand modeling, while the simulation analysis required a complete model of the
industry, including supply response, it was necessary to construct a synthetic supply model
and conduct simulations for a variety of alternative supply specifications.

The marginal benefit-cost ratio for promotion of California prunes was calculated. This
ratio refers to the net revenues generated from incremental expenditure on promotion, and
hinges importantly on the value of the price elasticity of supply, and on whether growers bear
the entire burden of funding the expenditures or some of the burden is shifted to consumers in
the form of higher prices. Returns to growers from allocating expenditures to promotion would
be maximized by expanding expenditures until the marginal (last) dollar spent on promotion
yields just a dollar back in revenues. The analysis suggests that the industry stopped short of
this optimizing condition during the 1992-1996 period covered by the monthly data. The
calculated marginal benefit of an additional dollar spent on promotion, given the amounts
actually expended, ranged from $2.65 to almost $30.00, suggesting that additional promotion



expenditures would have generated positive net revenues to producers. Only when producers
are (implausibly) assumed to bear the entire cost of the promotion is it possible to derive
average benefit-cost ratios less than 1:1, and to do so requires an elasticity of supply of 1.0 or
more, which is only likely to be relevant for longer-run changes.

We conclude that promotion of California prunes conducted by the CPB has increased
the demand for prunes and returns to producers of prunes. Over the four-year period analyzed
in the monthly model, investments by prune growers in promotion yielded them marginal returns
of at least $2.65 for every dollar spent. Moreover, marginal benefit-cost ratios in the range of
2.7:1 and higher indicate that the industry could have profitably invested even more in
promotion during this period.



1. INTRODUCTION

The objective of this study is to evaluate the economic impacts of industry-financed market
development and promotion activities for California prunes. Using a state marketing order
program first established in 1952, all California prune producers pay mandatory assessments
that are administered by the California Prune Board (CPB) to promote and increase the
demand for California prunes. The central questions addressed by this study are: (a) how have
CPB marketing expenditures affected the demand for and sales of California prunes, and (b)
have net revenues to producers from CPB marketing programs increased enough to offset
program costs? Answering these questions requires the development of an econometric model
of the demand for prunes, using time-series data on economic variables that have important
effects on the consumption of prunes.

The report is organized in line with the steps taken to answer the research questions.
The first step is to document developments with economic implications for the California prune
industry, and construct a data base for the analysis. This is done in the next section of the
report (part 2), with documentation and discussion of the California prune industry in the post-
World War Il era. Supply factors, including changing patterns of production, planted area,
yields, and varieties are discussed first, followed by demand factors, including changing
domestic and international markets, prices, and patterns of consumption. Part 3 reports the
results of modeling the monthly and annual per capita demands for prunes. The models are
specified, the variables are defined and described, the models are estimated, diagnostic tests
are performed, and the results are interpreted.

The monthly econometric estimates are used as the basis for a benefit-cost evaluation of
the Prune Board’s marketing programs in part 4. Three approaches are used to estimate
marginal benefit-cost ratios for grower expenditures on prune promotion. First, the elasticities
estimated in the monthly demand models are used to approximate the ratios. Second, the
estimated models are used to calculate marginal returns from promotion, using a range of
supply elasticities. Third, Monte-Carlo simulations are performed, to obtain confidence
intervals on the benefit-cost ratios for each of the estimated monthly models. An annual model
is also estimated, but is not used in the benefit-cost analysis. Part 5 presents and discusses the
results of some test-market studies of the demand for prunes. Finally, part 6 summarizes the
main findings, interprets the results, and presents conclusions.



2. THE CALIFORNIA PRUNE INDUSTRY — 1949 TO PRESENT

Economic and crop statistics on developments and changes in the California prune industry,
especially since 1949, provide the institutional background and data required to develop the
econometric models of prune demand.

2.1 Prune Production in California

The California prune is a descendent of La Petite d’Agen, a prune plum native to Southwest
France. Prune trees were introduced to the United States in 1856, when Pierre Pellier brought
prune cuttings from France to the Santa Clara Valley in California. Prunes thrived under
California climatic conditions, and the industry was well-established and growing by the early
1900s. The earliest California Department of Agriculture acreage statistics for prunes recorded
total 1919 acreage of 154,279 acres—106,880 bearing and 47,399 non-bearing. Even though
current acreage is substantially less, California now accounts for about 99 percent of annual
U.S. prune production, and an average of about 70 percent of the world’s annual supply of
prunes (CPB 1996).

Trends in Acreage

California prune acreage has varied significantly through time, but has remained rather
stable over the past decade (1985-1994). Initially concentrated in the Santa Clara, Sonoma,
and Napa Valleys, bearing acreage of California prunes peaked at 174,050 acres in 1930, then
declined steadily to 101,377 acres in 1950, reached a temporary low of 80,122 acres in 1960,
expanded to 97,560 acres in 1969, decreased again to the lowest recorded acreage of 65,400
acres in 1981, and then expanded from 1982 to 1990 (figure 2.1). Since 1990, bearing acreage
has varied from 77,588 to 80,100 acres, but it appears that acreage is increasing as a result of
recent new plantings. Sales of prune trees by California nurseries increased from 300,000 in
1989 to over 1.5 million in 1994, and continued at high rates in 1995 and 1996 (table 2.1). At
the same time, non-bearing acreage of California prunes increased from an estimated 6,000
acres in 1990 to 17,000 acres in 1993 (CPB, January 1996).

The location of planted acreage has also changed over time. Most California prune orchards
were located in the Coastal Valleys before 1950, but population pressures and more profitable
alternative crops led to the removal of the majority of that acreage. At the same time, when
prune trees were being removed in the Coastal Valleys, new prune orchards were being planted
in the Central Valley (Dale et al. 1988). Now, prune acreage (and production) is concentrated
in the Sacramento Valley. Counties with more than 3,000 acres of prune trees in 1992 included



Table 2.1: Prune Tree Sales in California

Year Number of Prune Trees
(1,000)
1989 300
1990 450
1991 550
1992 610
1993 900
1994 1,504
1995 985
1996 650

Source: California Prune News: Annual Report, January 1996.
Notes: 1996 value is a projection.



Butte (10,439), Colusa (3,825), Glenn (7,561), Sutter (21,364), Tehama (9,138), Tulare (5,571),
and Yuba (10,857). The 1992 acreage in counties where prune production was concentrated in
1950 includes Napa (93), Santa Clara (1,937), and Sonoma (1,252).

Trends in Yields and Production

Data on average per acre yields of prunes during the period since 1949 show an upward
trend, with significant year-to-year variation (figure 2.2). The annual yield variability is
primarily the result of weather conditions and the alternate-bearing tendencies of tree crops.
Average yields of 2.21 tons per acre for the 5-year period 1991-1995 were 38 percent higher
than the average of 1.60 tons per acre for the 5-year period 1950-1954. Possible reasons for the
increase in average yields include cultural methods (improvements in pruning and tree spacing)
and the changing location of production (yields are higher in the Central Valley than in the
Coastal Valleys) (Dale et al. 1988). Variety improvements have resulted in improved yields for
other tree crops, but do not appear to have been an important factor for prunes. The California
prune industry has relied almost exclusively on the French and Improved French varieties, which
have recently accounted for about 97 percent of bearing acreage and continue to account for the
majority of non-bearing acreage (1995 California Prune Acreage Survey). These varieties have
the desirable feature for mechanical harvesting that the fruit remains on the tree when ripe.
Other commercial prune varieties, which account for the remaining two to three percent of
acreage, include Friedman, Imperial, Robes de Sergeant, Moyer, Victor LG, and 707. The CPB is
funding research to support development of new prune varieties that are earlier-maturing than
Improved French, yet retain its desirable product qualities. If successful, such a variety will
provide significant economic advantages from improved utilization of harvest labor, equipment,
and processing capacity.

Significant year-to-year variation in total production of California prunes results from the
variability of average yields (figures 2.1 and 2.2). The increased average yields per acre during
the 1950-1995 period more than offset the observed reduction in bearing acreage. Total
production increased from an annual average of 157,200 tons during the 1950-1954 period to
an annual average of 172,600 tons during the 1991-1995 period. A simple linear trend
regression equation estimated for yields over the period 1949 through 1995 resulted in a trend
coefficient of 0.017 (t-value = 4.29), indicating that average California prune yields increased by
0.017 tons (34 pounds) per acre per year.



Trends in Prices and Value of Production

Average annual prices received by California prune growers are shown in figure 2.3. These
prices, in dollars per ton of prunes in natural condition, are presented in both nominal and real
terms. The real prices, in 1995 dollars, were obtained by deflating nominal prices by the
Consumer Price Index (1995 = 1.00).

Variations in annual crop size have contributed to fluctuations in the price per ton for
prunes, with the expected inverse relationship between average price and annual quantity. For
example, small prune crops in 1958 and 1972 were associated with high prices. Real prune
prices generally declined until 1989, but have increased slightly since then. The total value of
California prune production, in real terms, generally declined until 1986, and has increased
since 1987 (figure 2.4).

2.2 Marketing California Prunes

The marketing process for prunes has changed over time, but the changes have been gradual
rather than dramatic. This section describes some prune industry changes, outlines trends in
prune consumption, and discusses trends in some possible determinants of prune demand.

Harvest and Processing

California prunes are typically machine-harvested from mid-August to mid-September, with
the harvest date for a given orchard determined by a combination of fruit firmness and sugar
content. While prunes were once harvested by hand in three or four “pickings” of an orchard,
today most California prunes are harvested by machine, with a single pass through the orchard.
Immediately after harvesting, the ripe prunes are washed, placed on large wooden trays, and
dehydrated to about 21 percent moisture content. The typical conversion rate in processing is
three pounds of fresh fruit to one pound of dried prunes. After dehydration, prunes are graded
for size, inspected, and put into storage in bulk containers; these dehydrated prunes are stored
in what is known as “natural condition.” When the processor receives orders, the fruit is
removed from storage and partially rehydrated to 24-30 percent moisture to make the prunes
softer and more pliable. The partially rehydrated prunes are then sterilized, inspected,
packaged, and shipped. The only preservative used in processing prunes is potassium sorbate
(the potassium salt of sorbic acid), which is used to protect against mold and yeast spoilage
(CPB 1996).
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Trends in Consumption, Imports, and Exports

Domestic shipments and exports of California prunes during the 1949-1994 period are
shown in figure 2.5. Since 1949, domestic shipments of California prunes have generally
declined, while exports of California prunes have tended to increase, in both absolute and
percentage terms. Currently, about 60 percent of California’s annual prune shipments are
consumed in the United States and about 40 percent are exported, as compared with average
shares of 83 percent domestic and 17 percent export during the years from 1949 through 1953.
Domestic prune shipments dipped to 85,000 tons in 1978, and remained below 100,000 tons
annually until 1987, when they reached 103,000 tons. After peaking at 117,700 tons in 1989,
domestic prune shipments decreased to a little over 94,000 tons in 1995. California prune
exports reached 71,000 tons in 1989 and peaked at almost 79,500 tons in 1990. Exports have
remained over 70,000 tons annually since 1989, except during 1993, when exports dipped to
just under 61,000 tons. Germany and Japan have recently been the leading importers of U.S.
prunes, followed by Italy, the United Kingdom, and Canada. U.S. imports of prune products
increased in the early 1990s, but still remain very small relative to California production.
During 1984-92, U.S. imports as a percentage of U.S. exports of dried prunes ranged from 0.7
percent in 1987 to 2.4 percent in 1992 (USDA Agricultural Statistics).

Prune Shipments by Product Category

The four major product categories for prunes, with their 1995 shares of total domestic
shipments, are: dried pitted (50%), dried with pits (10%), juice and concentrate (38%), and
canned prunes (2%). While the proportion of the annual crop in each category has changed over
time, the most dramatic change has been from dried prunes with pits to dried pitted prunes.
The pitted prunes share of total dried prunes remained under two percent until 1961, increased
to 12 percent by 1965, and then increased rather steadily through time to 85 percent in 1994
and 83 percent in 1995. This increase in the market share of pitted prunes is the result of
improvements in pitting technology, which permit removal of the prune pit with minimal skin
break and very little change in the shape of the prune. Given the improved quality of pitted
prunes, consumers in the United States and worldwide have been switching from prunes with
pits to pitted prunes. Domestic shipments of California prunes by product category are shown
in figure 2.6. Since 1986, the California prune industry has shipped more pitted prunes than
prunes with pits.

Domestic shipments of prune juice and concentrate have declined since the early 1960s.
Prune juice is prepared from a water extract of dried prunes and contains not less than 18.5
percent by weight of water-soluble solids extracted from dried prunes. Prune juice may contain
one or more optional acidifying ingredients: lemon or lime juice or citric acid. Prune juice may
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also contain honey, in a quantity not less than two percent nor more than three percent by
weight, and may contain Vitamin C, not less than 30 milligrams nor more than 50 milligrams per
6 0z. serving (CPB 1996). Prune juice concentrate is a viscous form of prune juice, packed at
70° Brix (soluble solids) minimum, with higher Brix packs for export shipments or on special
orders. No preservatives are added to prune juice concentrate, as the 70° Brix concentrate is
self-preserving (CPB 1996). These standards contribute to a uniform product.

In the United States, relatively few prunes are eaten fresh or canned. There are three
standard types of canned prunes. Regular canned prunes are fully cooked in water, syrup, or
their own juice. Nectar-style canned prunes are distinguished by their high drained weight,
since they contain about one-third more prunes per unit volume. Moist-pack canned prunes are
processed to 35 to 42 percent moisture and sealed in the can, with no liquid and no
preservatives (CPB 1996).

U.S. per capita consumption of California prunes, by product category, is shown in figure
2.7. In general, U.S. per capita consumption of both dried prunes and prune juice has declined
over time. U.S. consumption of dried prunes declined from over 1.1 pounds per person in 1949
to less than 0.4 pounds per person in 1978, and has remained at about 0.4 pounds per person
since then, except for an increase in the late 1980s. As shown in table 2.2, U.S. per capita
consumption of all dried fruits varies from year to year but it did increase through the 1980s
and early 1990s, largely as a result of increased raisin consumption. Per capita consumption of
fruit juices has generally increased over time, with most of the increase occurring in the noncitrus
category, and more specifically, in apple juice. Prune juice consumption has decreased over
time, and it now accounts for a minuscule portion of total fruit juice consumption (table 2.3 and
appendix table A2.1).

2.3 Marketing Institutions for California Prunes

The California prune industry has developed a rather unique set of marketing institutions
designed to improve producer returns. These institutions include federal and state marketing
orders, as well as, marketing and bargaining cooperatives. Following is a short description of
each of these institutions.

Prune Marketing Committee

California prune producers approved a federal marketing order for dried prunes in 1949
that continues today. This order, which includes provisions for mandatory minimum grade and
size standards, market allocation, reserve pools, and research, is administered by the Prune
Marketing Committee (PMC), with funding provided from a mandatory assessment on all
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Table 2.2: U.S. Per Capita Consumption of Dried Fruit (Ibs. per year)

Other All
Year Prunes Raisins Dried Fruits  Dried Fruits
1971 0.58 1.43 0.71 2.72
1972 0.49 1.04 1.07 2.60
1973 0.55 1.38 0.13 2.06
1974 0.51 1.29 0.85 2.65
1975 0.60 1.29 0.49 2.38
1976 0.53 1.28 0.79 2.60
1977 0.49 1.25 0.79 2.53
1978 0.43 1.10 0.94 2.47
1979 0.38 1.31 0.53 2.22
1980 0.43 1.46 0.45 2.34
1981 0.46 1.54 0.31 2.31
1982 0.42 1.52 0.56 2.50
1983 0.46 1.58 0.52 2.56
1984 0.39 1.90 0.43 2.72
1985 0.47 1.92 0.65 3.04
1986 0.44 1.83 0.69 2.96
1987 0.62 1.88 0.26 2.76
1988 0.58 2.07 0.43 3.08
1989 0.63 1.92 0.74 3.29
1990 0.97 1.80 0.43 3.20
1991 0.73 1.78 0.88 3.39
1992 0.58 1.62 0.89 3.09
1993 0.68 1.86 0.26 2.80
1994 0.71 1.72 0.82 3.25

Source: Adapted from USDA Economic Research Service. Food Consumption, Prices and
Expenditures, 1996.



handlers. While it has no control over the acreage planted to prune trees, the PMC has some
control over the quantity of prunes marketed, through use of a minimum size standard and a
surplus set-aside. The minimum size standard is used each year, but the set-aside provision
has not been used since 1974. The minimum size regulation states that a prune that falls
through a 23/32 inch screen cannot be sold for human consumption. The effect of the “23”
screen varies with crop size. In years with small harvests, the prunes are large, and relatively
few prunes fall through the “23” screen, perhaps less than 3 percent. In years with large crops,
the prunes are smaller, and the “23” screen may remove over 6 percent of the crop (Lindauer
1993). The “23” screen provides an incentive for growers to thin their prune orchards in years
of abundant fruit set, and therefore reduces variation in yields.

The 100 count rule, which refers to the number of prunes in one pound of dried prunes,
ensures that all prunes marketed as whole prunes are of a minimum size; smaller prunes are
diverted into processed prune products. Under the 100 count rule, prune samples that weigh
more than 1 pound per 100 prunes can be sold as whole dried prunes while those that weigh
less than 1 pound per 100 prunes are processed into a prune product, such as prune juice,
concentrate, or puree.

The California Prune Board

A state marketing order for prunes with provisions for promotion and research was
approved by California prune producers in 1952. The objective of the California Prune Board
(CPB), which is the administrative committee for the marketing order, is to increase worldwide
demand for California prunes. The CPB administers domestic and international generic
(nonbranded) programs that encompass advertising, sales promotion, public relations, and
educational activities. The CPB also funds production and processing research.

Promotion Strategies and Policies: About 50 percent of the CPB’s annual domestic budget

is spent on television advertising (CPB, Annual Reports). Advertising can be made more
effective by targeting certain groups, and CPB advertising has recently targeted women aged 45
or older who are light or non-recent users of prunes.

Sales promotional activities feature supermarket display contests in the United States and
Canada. The display contests offer retailers travel and merchandise prizes for building winning
displays. Generic point-of-sale display cards are provided, which tie in with the television
advertising theme for prunes or with nutritional attributes of prune juice. The CPB also ties in
with the National Cancer Institute’s “5-a-Day” program, which recommends eating five servings
of fruits and vegetables every day (Peterson 1994).

California public relations activities support the advertising themes and promote the use of
pureed prunes as a substitute for butter, oil, or margarine in baking. For instance, a direct mail
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Table 2.3: U.S. Per Capita Consumption of Fruit Juices (gallons per year)

Year Prune Total Noncitrus Total Citrus Total Juice
1971 0.12 1.13 4.59 571
1972 0.11 1.25 4.96 6.21
1973 0.07 0.96 5.07 6.03
1974 0.10 0.93 5.10 6.03
1975 0.08 1.00 5.60 6.61
1976 0.09 1.10 5.84 6.93
1977 0.11 1.06 5.94 6.99
1978 0.09 1.15 5.29 6.44
1979 0.10 1.44 5.32 6.77
1980 0.09 1.49 5.66 7.15
1981 0.09 1.73 5.69 7.42
1982 0.10 1.58 5.18 6.75
1983 0.08 1.82 6.56 8.38
1984 0.06 1.99 5.28 7.27
1985 0.07 2.16 5.57 7.72
1986 0.07 2.17 5.77 7.94
1987 0.07 2.19 5.98 8.17
1988 0.06 2.40 5.80 8.21
1989 0.07 2.35 5.34 7.69
1990 0.04 2.23 4.63 6.86
1991 0.04 2.53 5.36 7.89
1992 0.03 2.40 4.87 7.27
1993 0.04 2.45 5.91 8.37
1994 0.04 2.59 6.00 8.60

Source: USDA/Economic Research Service.



campaign to food-service operators offered low-fat brownies made with prunes, and brochures
with low-fat recipes. The CPB also exhibits at trade shows and advertises in trade
publications. Other public relations activities include recipe releases to newspaper food editors
and supermarket consumer affairs directors, and visits to magazine food editors. The CPB also
distributes one-ounce packages of pitted prunes at fitness events and in cereals.

The CPB also conducts international promotional activities, such as in-store
demonstrations, publicity, trade education, and advertising. Support for international
promotion increased sharply in 1987, and has increased in real terms since then.
Approximately 50 percent of the funding for international promotional activities is provided by
the USDA Market Promotion Program (MPP). The rise in export sales coincided with the
participation of the California Prune Board with the MPP and its predecessors. In 1992, the
CPB promoted the consumption of California prunes in 13 nations, but funding reductions in
the MPP led the CPB to eliminate promotional programs in several of them. In 1994, the CPB
conducted promotional campaigns in Germany, Italy, the United Kingdom, Japan, and Mexico
(Peterson 1994).

Statistical Overview of Promotional Expenditures: CPB expenditures by category are

shown in nominal dollars in figure 2.8a and in real 1995 dollars in figure 2.8b. CPB funding, in
real dollars, for production research has remained roughly constant. In the 1990s, about 4
percent of the CPB budget was invested in production research. All CPB generic advertising
and promotion support for California prunes was discontinued during 1975-78, when
Sunsweet’s management voted to eliminate the assessment for generic promotion, believing they
could better promote Sunsweet’s products on their own. The CPB reinstated a public relations
program in 1979 and resumed generic advertising in 1980. Since the early 1980s, expenditures
by the CPB in real dollars declined for advertising and increased for other domestic
promotional activities. CPB expenditures on total promotional activities are shown in real and
nominal dollars in figure 2.9. In both real and nominal dollars, total CPB expenditures on
promotion have increased since the early 1980s.

While the Prune Marketing Committee and the California Prune Board are separate
administrative bodies, established under different enabling legislation, they cooperate by using
common office facilities and staff, and they also share industry data. The Dried Fruit
Association of California inspects all prunes produced in California. This inspection service
certifies the salable weight that the packer uses to pay the producer, determines the size, off-
grade, and undersize of each lot, and collects data used by the industry to establish crop
tonnage, inventory composition, and assessment fees.
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Marketing Firms

The processing and marketing of California’s annual prune crop is almost evenly divided
between Sunsweet Growers, the industry’s only marketing cooperative, and a group of
independent growers and packers. Sunsweet members deliver their entire production to the
cooperative, and their returns are based on the selling price of the processed fruit. Independent
growers sell to independent packers or handlers on a contractual basis. All California prune
producers and handlers pay mandatory assessments to support the generic promotional efforts
of the California Prune Board. Members of Sunsweet also support substantial brand
advertising of Sunsweet prune products. Under the prune marketing order, there is no
assessment offset: if a packer such as Sunsweet promotes its own brand, there is no
reimbursement of any of the assessment that the packer pays toward the generic program.

The Prune Bargaining Association

The Prune Bargaining Association (PBA) is a voluntary organization that represents about
40 percent of the independent growers (Giacolini 1993). Each year, the PBA negotiates with the
independent processors to establish a selling price for its members. The price negotiated by the
PBA influences the price received by all independent growers.

2.4 Trends in Factors Associated With Prune Demand

Several factors associated with prune consumption and the demand for prunes have been
changing over time. These factors will be discussed briefly here, and their quantitative impacts
on the demand for prunes will be examined in detail in the following sections of this report.

Age of the Population

The U.S. population is aging: the share of U.S. citizens 65 years old or older increased from
8.0 percent in 1949 to 13.0 percent in 1995 (Bureau of the Census 1996). This may or may not
bode well for the prune industry. Currently available data indicate that older people consume
more prunes per capita than younger people do (table 2.4). This pattern of consumption may
be attributable to either an age effect or to a cohort effect. If it is an age effect, a person’s
preference for prunes increases as the person ages, and as today’s young people become older,
their prune consumption will increase. If it is a cohort effect, older people today consume more
prunes perhaps because as children they ate more dried fruit relative to fresh fruit (since
seasonal fresh fruit availability was limited, while dried fruit was available year-round).
Therefore, having established patterns of dried fruit consumption as children, older Americans
still consume relatively more dried fruit. If the cohort effect explains much of the higher
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Table 2.4: U.S. Per Capita Consumption of Dried Prunes in 1986, by Age Group

Age group Per capita consumption
(years) (pounds)
18-24 0.67
25-44 0.62
45-54 1.00
55-64 1.52
> 65 1.95

Source: Dale et al. 1988



consumption of prunes by older people, then, holding other influences constant, per capita
prune consumption can be expected to decline over time, since those who are young today are
not developing similar preferences for dried fruit.

Changes in Household Structure
As recently as the 1950s, the predominant type of household included two adults and two

children, with only the male head of the household working outside the home.l In the 1990s,
single-person households are much more important, female heads of households are common,
and nonworking spouses are now the exception more than the norm. These factors, combined
with rising incomes and changes in technology available to households (such as microwaves and
home freezers) and changes in food products available (including pre-prepared foods for home
serving, and fast-food restaurants), have contributed to major changes in the way people live
and, in particular, eat.

Importantly, the growth in per capita incomes can be expected to have led to an increase in
the demand for food quality and services associated with food. The increased labor-force
participation of women can be expected to have led to an increased demand for convenience in
food, and for food with low preparation time (since the opportunity cost of working women's
time is higher). These two factors can account for much of the major changes in food purchase
patterns: a higher proportion of meals away from home, and a higher proportion of pre-
prepared meals. Since prunes are ready-to-eat without additional preparation, the increased
demand for convenience in food could increase the demand for prunes.

Fruit in the Diet

The average diet in the United States has been slowly changing to include leaner meats and
more fruits and vegetables, as recommended by public health organizations. Per capita
consumption of fresh fruit exhibited a steady declining trend from 1939 until the mid-1960s,
when it began a gradual rise. Much of the decline and subsequent turnaround was attributable
to the consumption of citrus fruits, particularly oranges, although noncitrus fruits, such as
peaches and grapes, exhibited similar trends. The overall increase in per capita consumption of
fresh fruits and vegetables continued slowly during the 1970s, and at a faster rate during the
1980s. Total per capita consumption of commercially produced fruits and vegetables was
estimated at 678 pounds in 1994 (farm-weight basis), an increase of 20 percent over the
guantity in 1970.

! Alston et al. (1997) documented some of the changes in household structure and consumption patterns in
the United States. This section draws heavily on that discussion. See also Blaylock and Smallwood
(1986).
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Overall, U.S. per capita consumption of processed fruit increased by 18.6 percent and per
capita consumption of fresh fruit increased by 25.2 percent during the period from 1970 through
1994. There were, however, significant deviations by product category. Per capita
consumption of fresh citrus, for example, decreased slightly, while per capita consumption of
fresh noncitrus fruits increased by 41 percent (appendix table A2.3). Since fresh noncitrus
fruits are believed to substitute for dried fruit (including prunes), the higher sales of fresh
noncitrus fruit since 1970 may be associated with reduced purchases of dried fruit. On the
other hand, increased demand for all fruits is expected to increase the demand for dried fruit.

U.S. per capita consumption of dried fruit declined by one-half from 1920 to 1980 (USDA
1979). In the 1920s, fruit was consumed fresh mainly during the harvest period, since fresh fruit
was typically not available, and when available, it was prohibitively expensive during the off-
season. Technical advances in varieties, production, storage, shipping, and the development of
new areas of production now make fresh fruit available throughout the year at reasonable
prices. The increased supply of fresh fruit on a year-round basis may have reduced the demand
for dried fruit. Despite the increased consumption of fresh fruits, however, U.S. per capita
consumption of all dried fruit has also increased since the late 1970s (appendix table A2.4).

Baking Use of Prunes

Research on new uses for prunes has found that prunes can be used as a fat substitute in
baked goods. The use of prune puree, for example, allows consumers to reduce the fat in baked
goods by 60 to 90 percent. Other benefits include reduced cholesterol, improved preservation,
and improved nutrition. Prune puree, prune paste, and diced prunes are now being marketed
as cooking ingredients in baked goods, and are promoted as fat substitutes. The share of food
technologists who use prunes in baking increased from 10 percent in 1992 to about 27 percent in
1996 (CPB September 1996). Given the current emphasis on reducing fat consumption in
human diets, this could provide an important boost to the demand for prunes. Prune puree,
however, still constitutes less than 2 percent of California domestic prune shipments (appendix
table A2.5).

2.5 Concluding Comments on Supply and Demand Trends

The California prune industry has experienced significant changes in both supply and demand
over the past 50 years. The bearing acreage of prunes has trended down, but this was largely
offset by increasing average yields. As a result, total California prune production has varied
significantly from year to year, but without either an upward or a downward trend. On the
demand side, there have been significant trends in crop utilization, product form, and per
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capita consumption. The amount and share of the annual crop shipped to domestic markets
decreased over time, while exports increased to over 40 percent of the crop. During the same
time frame, the proportion of dried prunes sold in the pitted form increased from less than 1
percent to over 80 percent, as a result of new and improved technology for pitting.
Accompanying these changes were significant reductions in U.S. per capita consumption of
dried prunes and prune juice.

A number of factors may have affected the demand for prunes over time. Those
mentioned include the advertising and promotion programs conducted by the CPB, as well as
the traditional demand shifters of income, population, and prices of competing products.
Other potentially important factors include (1) changing demographics, especially the increasing
average age of the U.S. population and the changing household structure, (2) health and diet
concerns that have increased the demand for fruits and vegetables, (3) the year-round
availability of fresh fruit, and (4) new and improved products and uses (pitted prunes and
prunes as a fat substitute in baking). However, since many of the factors have been changing at
the same time, it is difficult to isolate cause and effect. The following sections detail the
specification and estimation of aggregate demand relationships for prunes.
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3. ACCOUNTING FOR CHANGES IN AGGREGATE U.S. PRUNE CONSUMPTION

In this section, we specify demand models for California prunes and report the results from
estimating these models using monthly data covering the period from September 1992 through
July 1996, and annual data for 1949 through 1995. These econometric models use per capita
guantities of dried prunes in the United States. Important related distinctions concern the
market level (e.g., farm versus retail) and whether the quantity is all prunes for all destinations
(as farm-level quantities are) or for domestic consumption only (as retail quantities are).
Section 3.1 covers general theoretical aspects, section 3.2 covers the monthly models, and
section 3.3 covers annual models

3.1 Aggregate Domestic Demand Models, Theoretical Considerations

Aggregate per capita demand models provide parameters that can be used to estimate gross
and net benefits to the industry from promotion. Once the model is estimated econometrically,
we use the estimates from to analyze the effect that a change in promotion would be likely to
have on per capita consumption. Economic theory is used as a guide in the specification of the
model, in the identification of variables that are used to explain changes in consumption
patterns, and in the interpretation of the results from estimation.

A Consumer Demand Model

Suppose we use Q, to represent the per capita quantity of prunes (of uniform quality)
demanded by a representative consumer during a particular year, t. The theory of consumer
demand suggests a model in which the quantity demanded, Q,, depends on the corresponding
price of prunes, PP, the prices of all other goods that are substitutes or complements for prunes
(such as other dried fruits or laxatives, and fresh fruits, in particular), PS,, and total money
income or expenditure on all goods, EXP,. This model can be expressed as

Q =f(PR,PS,EXR). (3.1)

To make this model operational, one must specify a particular functional form for
f(.)—for instance, a linear functional form, which we use later. In this model, we would expect
the own-price effect to be negative (a negative coefficient on PP,). The cross-price effects (the
coefficients on other prices, PS,) can be positive or negative, but are expected to be
predominantly positive, especially for close substitutes, and the income effect (the coefficient on
EXP)) is probably positive and in the range for a normal good, corresponding to an income
elasticity of demand for prunes between 0 and 1. In other words, an increase in the price of
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prunes would lead to a decrease in prune consumption, while an increase in the price of a
substitute or in total money income would lead to an increase in prune consumption.

In addition, the theory of consumer demand implies that the demand equation should be
homogeneous of degree zero in money income and prices—doubling money income and all prices
should leave consumption unaffected, since nothing real has changed. This homogeneity
condition is commonly imposed by dividing all of the prices and income by a general price
index, such as the consumer price index (CPI), thereby expressing all of the monetary variables
in the demand equation in real terms (denoted RPP,, RPS,, and REXP,). The resulting model is

Q =f(RPP, RPS, REXP). (3.2)

Both of these demand equations (equations 3.1 and 3.2) implicitly assume constant
tastes and preferences for prunes. In order to accommodate changes in preferences arising from
promotion or anything else that may affect demand (such as demographic characteristics of the
consumer), the model can be augmented with other demand shift variables.” Clearly, promotion is
one such variable. To obtain reliable estimates of the influence of the factors that are of most
importance for the present study—in particular, the responsiveness of demand to price and
promotion—it is necessary to take into account the influence of other demand shift variables as
well. Otherwise, there is a risk that the effects of omitted shifters will be attributed falsely to
the variables included in the model.

In a model of consumer demand for California prunes, appropriate shift variables can be
included to represent the effects of such things as (a) increased consumer health consciousness
and a rising consumer interest in natural foods; (b) other demographic changes, such as changes
in the age structure of the population (likely to be especially important for prunes, since they are
relatively heavily consumed by older people), a higher rate of labor-force participation by
women, changes in the ethnic composition of the population, and the fact that more meals are
eaten away from home; (c) generic promotion by the California Prune Board, brand promotion
by Sunsweet and others, and other changes in merchandising expenditures, and (d) changes in
the quality of California prunes.

To deal with all of these individual variables explicitly in a model is impossible, given
our limited dataset and the difficulty of identifying their individual effects, when many
variables change smoothly, together, over time. Instead, we focus on those shift variables for
which we think the effects are likely to be the most important. Thus, we include four types of
shift variables including (a) where possible, a variable to represent the changing age structure of
the population; (b) the quantity of promotion, represented by the total—not per

2 Blaylock and Smallwood (1986) document some of the general trends in consumer demand for food that
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capita—promotional expenditures’ of both the California Prune Board and Sunsweet,
expressed in real terms by dividing expenditures by the CPI, RPROCPB, and RPROSUN,
respectively; (c) a linear time trend variable, TIME,, included to represent the effects of other
trends, as described above, that are not being modeled explicitly; and (d) quarterly intercept
dummy variables (SPR,, WIN,, and SUM),), to reflect seasonal shifts in demand in the monthly
demand models. Note that Fall is the base season—the estimated coefficients for SPR,, WIN,,
and SUM, show the change in demand from the Fall base season.
Incorporating the shift variables leads to an augmented model of demand, as follows

Q, = f (RPG, RPS, REXP,, RPROCPB,, RPROSUN,, SUM,, WIN,, SPR, TIME)  (3.3)

The effects of the demand shift variables are not as easy to predict as those of the more
conventional ones. Promotion is expected to have an unambiguously positive effect on demand,
but, even then, only if it has been successful in increasing demand for prunes; otherwise, this
variable would have no effect on demand. The effect of the time trend is likely to be negative,
reflecting a general shift of consumer demand away from prunes over time. It is expected that
per capita consumption of prunes increases with increases in the fraction of the population in
older age categories, but it is likely to be difficult to separate age effects from cohort effects
(indeed, as noted above, an important question is whether declining per capita consumption is
an age effect, reversible as the population becomes older again, or a cohort effect, and not
reversible).

Horizontal and Vertical Market Linkages and their Implications

The above models refer to final consumer demand. Often, however, in empirical work,
we use data that relates to the derived demand at the farm or wholesale level, which is derived
from the final consumer demand and the economic and technological characteristics of the
intermediate functions between the final consumer and the market level being studied (e.g., the
marketing, processing, and transportation functions). Therefore, in addition to variables
indicated by the theory of consumer demand, derived demand functions may also include
variables representing processing costs, labor costs, and so on. In the models presented here,
the consumer price index plays a dual role as a general index of the prices of substitutes (other
than those identified in the model below) in consumption for prunes, and as an index of the
prices of marketing inputs. Derived demand equations are generally expected to be less price-
responsive (less elastic) than retail demand equations.

may be reflected in shift variables of these types.

® The choice of whether to include promotion in per capita terms or in total was discussed by Alston et
al. (1997).
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Another aspect of market structure we must consider is one of horizontal linkages.
These include linkages between the U.S. market and international markets for U.S. prunes, and
linkages among markets for alternative end-uses for U.S. prunes. When we study the market for
dried prunes, we are considering only a subset of the total market for U.S. prunes; when we
study the domestic market we are studying only a subset of the total world market for dried
prunes. This can be thought of in terms of residual supply and demand. In practice, we can
study the domestic demand for dried U.S. prunes independently of the markets for other uses
of U.S. prunes without experiencing any econometric problems. However, when we want to
simulate changes in domestic demand for U.S. dried prunes, we must recognize that the markets
are linked, and a significant element of the market response to an advertising-induced increase
in domestic consumption of dried prunes will be a reallocation of prunes from other uses; either
other domestic uses or exports. These horizontal linkages are captured through a modification
of the effective supply of dried prunes to the U.S. market, which is the residual from total
supply and demand for other uses. The issues of residual supply and demand and derived
demand are discussed at greater length by Alston et al. (1995).

3.2 Aggregate Monthly Domestic Demand Models’

This section contains a summary of the regression models used to estimate the effects of
promotion on monthly per capita prune consumption in the United States. It should be noted
that the models in section 3.2 concern retail sales only. The models studied here indicate that
promotional expenditures have a statistically significant, positive effect on monthly prune
consumption at the retail level. Before presenting the demand models and the empirical results,
we give an overview of the data and data sources for these models.

Data

The time period for this part of the study was from September 1992 through July 1996,
comprising 51 observations with lengths of four weeks each. The monthly regressions presented
here are based on data collected from four sources, as described below.

Quantities: The data describing the quantities of dried prunes consumed in the United
States come from Infoscan IRI retail market profiles representing U.S. consumption based on 64
cities/regions in the United States. These data were provided by Sunsweet. We used "total"
prune consumption over this period, which was the total of all brands sold in retail stores.
During this period, retail sales accounted for approximately 30 percent of all prune sales (CPB

* Throughout this section, we use the term “monthly” to refer to the length of the observation period,
where in reality, the observations are four weeks long.
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1997). The quantities were converted into pounds per capita using an estimate of the U.S.
midyear population (International Monetary Fund). We converted this population statistic into
population per observation period using a growth formula provided by the U.S. Census Bureau.
Monthly per-capita consumption of prunes, shown for the observation period in figure 3.1,
averaged 0.015 pounds with a standard deviation of 0.002.

Prices: The prices used in the demand models were the average retail price ($/pound)
of prunes purchased and the average price of dried fruit other than prunes ($/pound)
purchased from retail food stores.” These prices also came from the Infoscan IRI data and were
converted into 1996 dollars using the consumer price index (International Monetary Fund).
Deflation by the CPI has the effect of treating an aggregate of all other goods as a general
substitute for prunes. It would be desirable to represent the effects of close substitutes
explicitly, by including a separate variable for each one, but data constraints and likely
statistical problems (such as multicollinearity) mean that we cannot include too many other
prices; probably no more than one. While it is difficult to identify a particular index to
represent those goods that are close substitutes for prunes, the models presented in this section
use the real price of an aggregate of other dried fruit as RPS.,.

It must be stressed that there was very little price movement for prunes and other dried
fruit during the observation period used for the monthly demand models. Deflating the prices
by the CPI dampened this movement even further. Over the observation period, the average
real price of prunes was $2.18 per pound per month (it ranged from $2.05 to $2.26 per month),
and the average real price of other dried fruit was $2.39 per pound per month. The standard
deviations were 0.045 and 0.042 respectively. Thus, we are attempting to correlate a
consumption variable with price variables that simply did not move very much. A data set
covering a longer time period, with more variation in prices, might be expected to provide
improved estimates of price effects on demand.

Promotion: Promotion includes generic promotional expenditures by the California Prune
Board and brand promotion by Sunsweet Growers, the largest private promoter of dried
prunes. There is little or no branded promotion (besides display units and other trade
promotions like “buy one get one free”) by other packers, and Sunsweet is the only packer to
advertise its prunes nationally. The aggregate monthly promotion variables (PROCPB and
PROSUN) each include monthly sales promotion and monthly television advertising.

PROMOCPB is monthly sales promotion expenditure by the California Prune Board for
prunes. Specifically PROMOCPB is the sum of the following budgetary items: Coupon Program,
Public Relations, Sampling, and Merchandising/Sales Promotion (Source: California Prune Board

® Prices of dried fruit excluding raisins, and prices of raisins alone were also considered, but neither is
included in any of the models in this section.
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Generic Monthly Program Evaluation for crop years 92/93-95/96). Throughout this section,
"Sales Promotion" refers to the sum of these budgetary items. All figures were converted from
monthly into monthly data using daily averages for each month, in order to match the Infoscan
IRl quantity and price series. PROMOSUN is sales promotion expenditures by Sunsweet
Growers for prunes. PROMOSUN consists of monthly total dried fruit promotion converted
from monthly data into monthly data using average daily expenditures for each month (Source:
Sunsweet Growers Monthly Advertising and Merchandising Expenses for crop years 92/93-95/96).

ADCPB is television advertising expenditure for the specific observation point, as billed
to the CPB. Unlike the sales promotion expenditures, which came from the crop-year budgets,
these data accurately reflect the timing of television advertisements. The figures were converted
from monthly expenditures to monthly expenditures using daily averages (Source: CPB).
ADSUN is television advertising expenditures as billed to Sunsweet. These data, which were
reported on a weekly basis, were summed to provide monthly figures for the observation period
(Source: Sunsweet Growers).

Finally, aggregate promotion variables were constructed for CPB and Sunsweet which
include both sales promotion and television advertising: PROCPB = ADCPB + PROMOCPB
and PROSUN = ADSUN + PROMOSUN, expressed in millions of dollars.

The timing of sales promotion expenditures may involve problems. As discussed above,
only the two television advertising variables ADCPB and ADSUN reflect accurately when
advertising was seen by viewers. The two sales promotion variables are off by an indeterminate
amount, since they came directly from the CPB’s and Sunsweet’s accounting records. The
problem with these two variables is that they aggregate a variety of important sales promotion
expenditures (coupon payments, public relations, sampling, and merchandising/sales
promotion) whose timing varies. Thus, while the AD- variables reflect dollar figures
corresponding to the actual timing of promotion (e.g., television commercials), the PROMO-
variables do not. Since some promotional expenses are paid when the promotion occurs, while
others are paid ahead of time, and still others are paid after the promotion is over, it is not
clear whether these variables should be lagged or not in the regressions. Ultimately, it was
decided to use the variables as presented in the budgets.

Promotional expenditures were expressed in real (or quantity) terms to reflect the view
that, if the CPB's and Sunsweet's budgets doubled, and the cost of promotion doubled as well,
there would be no real change in the amount of promotion undertaken. ldeally, to do this, we
would deflate promotional expenditures by an index of the unit cost of promotion. Lacking
such an index, we assume that promotion costs rise with prices generally, and use the CPI to
deflate promotional expenditures.
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Table 3.1: Description of Variables in the Monthly Demand Model

Variable Definition Units Data Source
TIME, "Month" One observation is
four weeks long.
Q. “Monthly” per capita pounds of dried Prune Consumption
consumption of dried prunes in prunes per person from Infoscan IRI
the U.S. from the week ending per month retail market profiles.
September 6, 1992 to July 7, 1996. U.S. population from
Recall, one “month” here is exactly International
four weeks long. Financial Statistics
RPP, Real average retail price of prunes. real dollars (August Prices came from
1996=1) per pound Infoscan IRl and were
of processed prunes deflated by CPI data
from International
Financial Statistics
RPS, Real average retail price of all real dollars per Prices came from
other dried fruit. pound Infoscan IRI and were
deflated by CPI data
from International
Financial Statistics
REXP, Real, average, quarterly per-capita real dollars per International
private domestic consumption person per quarter Monetary Fund
expenditures.
RPROCPB, Aggregate real promotional real dollars per California Prune
expenditures by the California month Board.
Prune Board for dried prunes in
the U.S. market.
RPROSUN, Aggregate real promotional real dollars per Sunsw