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SUMMARY

This report describes an economic study of the
California avocado industry, including its
economic history and markets, and presents an
econometric model of supply, demand, and price.
The objective of this study isto determine the effect
of California avocado industry advertising and
promotion expenditures on the demand and price
for California avocados and to estimate the ratio
of benefits to costs for marketing programs
conducted by the California Avocado
Commission.! The econometric model used to
evaluate the impact of industry advertising and
promotion includes components for avocado
supply, demand and equilibrium price. Following
isadescription of study resultsfor each of the mgjor
components.

Avocado Supply

The two major determinants of annual
avocado production, average yields and bearing
acreage, are examined in some detail. Average
yields, which are responsible for sharp year-to-year
variations in total production, have become
increasingly variable over time. While yields
demonstrated a rather steady upward trend from
1926 through 1956, there was little, if any, trend
evident after 1957. Possible explanations for
termination of the upward trend in yields and
increased variability include expansion of new
acreage on land not ideally suited to avocado
production because of climate, soil quality or
topography, and reduced water use due to sharp
increases in water costs in major production aress.

Avocado acreage changes annually as
producers make decisions on whether to plant new
trees or remove existing trees. These decisions are
hypothesized to be based on expected profits over
the bearing life of new trees or the remaining life
of existing trees. Proxies for expectations based
on recent prices, costs and total returns, which have
performed well in other studies, were used to
explain plantings, removals and annua adjustments
in both bearing acreage and total acreage. Avocado
acreage response equations found (1) that plantings
increase with increases in recent average returns
per acre adjusted for costs, (2) that favorable
Income tax provisions for development of groves
led to increased plantings, and (3) that sharply
increased water costs were correlated with reduced
plantings from 1990-91 through 1994-95.
Removals of avocado trees tended to respond most
to the immediate past year’s costs and prices. The
plantings and removal relationships were combined

in an estimated equation for the annual changein
bearing acreage which was used to represent annua
acreage response for California avocados in the
simulation analysis described below.

The Demand for Avocados

California avocado prices and quantities
trended upward over the period considered (1962-
95). However, in real terms, prices varied
substantially around a dightly downward trend. At
the same time, gross producer revenues trended
upward in both nominal and real terms, indicating
that growth in quantity more than offset the decline
inreal prices. Overall, there has been significant
growth in the demand for avocados over time.
Factors associated with this growth in demand are
examined in some detail using (1) an annual
analysis of demand for the period 1962 through
1995, and (2) a monthly analysis of demand for
the nine marketing years 1986-87 through 1994-
95

Annual Demand: An annual econometric
model of the demand for California avocados, with
annual average farm level real price per pound
specified as the dependent variable, was specified
and estimated. The preferred econometric model,
which was selected on the basis of statistical tests
and economic theory, shows that the quantity of
avocados offered on the market is a very important
explanatory factor, having a strong, negative
impact on price. The estimated price flexibility of
demand of -1.33 (at the average values for each of
the variables) means that a one-percent increasein
quantity supplied will cause a 1.33 percent decrease
in price, and a .33 percent reduction in gross
revenue, other factors constant. Demand is quite
inelastic, as indicated by year-to-year changesin
production and total crop revenues. Surprisingly,
the quantity of Florida avocados sold was found
to have a positive effect on California prices but,
statistically, this effect was not significantly
different from zero. Avocado imports were found
to have a relatively large, and statistically
significant, negative impact on California avocado
demand and prices. Real per capita disposable
income was found to have alarge, and statistically
significant, positive impact on avocado demand
and prices, confirming that avocados are a normal
good and that an increase in consumer income leads
to a more-than-proportionate increase in demand.

The annual econometric model indicates that
advertising and promotion had a positive impact
on California avocado demand and prices, and the




point estimate shows a price response of plausible
magnitude (the estimated price flexibility is0.13,
indicating that a one percent increase in advertising
and promotion expenditures leads to a 0.13 percent
increase in price, holding quantity constant). The
estimated effect of advertising and promotion,
which is not statistically significant at the usual 95
percent level, issignificant at the 86 percent level.
Thislack of precision for the advertising variable
may be the result of data problems and other
factors. These include mismatches between the
California and Florida crop years that we were
unable to correct (and probably resulted in the
unexpected positive relationship between Florida
sales and California prices), the changing year-to-
year activitiesincluded in the advertising variable,
and possible structural changes. A monthly
analysis of demand for California avocados was
undertaken as a partial solution to limitations
evident in the annual analysis.

Monthly Demand: The model of monthly
demand for California avocados was patterned after
the annual demand model. Averagef.o.b. level
monthly real price per pound was specified as a
function of pounds of avocados shipped from
Californiaand Florida, imports, consumer income,
CAC marketing expenditures, brand advertising
and promotion, prices of related goods, and
monthly demand shifters. Initial testing resulted
in deleting several variables from the analysis,
including the prices of possible related products
and brand advertising expenditures by California
avocado packers. None was statistically significant
(t-ratios were very small) in any of the formulations
tested and it was concluded that these variables
have had no statistical effect on the monthly
demand for all California avocados. The use of
monthly data permitted close matching of avocado
salesfrom all sources, avoided potential problems
of structural change, and provided the best
available data on advertising and promotion
expenditures.

Results of estimating the monthly demand for
all California avocados were in line with
expectations and were a definite improvement over
the annual model. Each of the variables had the
expected sign (Florida sales had a negative impact
on California prices), most were statistically
significant, and the magnitude of the estimates was
reasonable. Advertising and promotion
expenditures had a statistically significant positive
effect on the price of (and demand for) California
avocados. The monthly and annual price
flexibilities of demand with respect to advertising
and promotion were almost identical (0.137 for the
monthly analysisvs. 0.130 for the annual analysis).
Advertising and promotion also had estimated

lagged impacts on California avocado prices and
demand that extended five months after the month
the expenditures were paid. The estimated price
flexibility of demand of -1.54 islarger than the
annual estimate of -1.33, but the monthly quantity
variable includes both Californiaand Florida sales.
The demand for California avocados at average
prices and quantitiesisinelastic at both the farm
and f.o.b. levels, whether measured on an annual
or monthly basis. This means that total industry
revenues will be less for alarge crop than for a
small crop.

Estimated Benefit-Cost Ratios for Advertising

Measurement of benefits and costs for
commodity advertising are not as simple and
straight-forward as they first appear. Depending
on assumptions, there are different measures of
benefits, including average and marginal benefits
measured in the short run (assuming fixed supply)
or in the long run (after adjustment of acreageto
price changes). For this study, fixed supply benefits
were estimated both annually and monthly. The
time horizon also affects the measurement of costs.
In the short run, all costs of advertising and
promotion are paid by avocado producers.
However, in the long run, producer adjustmentsto
the assessments used to fund advertising and
promotion act as atax, which producers are able
to partially shift to buyers. Following are the range
of benefit-cost ratios estimated in the study.

The annual fixed supply industry returns from
CAC advertising and promotion expenditures
ranged from aweighted average of $5.33 to $6.01
per dollar spent depending on the time period
examined and the discount rate used (note that all
returns are total returns before the deduction of
advertising expenditures). A smple average of the
annual fixed supply benefit-cost ratiosis equal to
5.25. Short term returns for the most recent nine
years (1986-87 through 1994-95 marketing years),
based on the monthly analysis and discounted at 3
percent, yields aweighted average return of $6.35
per dollar spent on advertising and promotion. For
the nine-year period of analysis, the monthly
marginal and average benefit-cost ratios are equal
to 8.92. The marginal benefit-cost ratios were
greater than one for all but two months of the
period, indicating that the CAC could have
profitably increased advertising and promotion
during all but two months of the nine-year period.

These returns are eroded over time, however,
when the acreage response to higher returnsis
factored into the analysis. Producers make
decisionsin response to higher returns that result
in expanded acreage, but there is alag of several
years before production increases. Because




demand isinelastic, increased production decreases
both price and total revenue and production
response may partially or totally offset increased
demand due to advertisng. The annual simulation
model was run with actual and zero advertising
and promotion expenditures and the annual
difference in total industry revenues was compared
to advertising and promotion expenditures. CAC
marketing program expenditures increased
estimated net total industry revenues by $102.8
million over the period of analysis. In other words,
estimated net industry total revenues after
deduction of advertising and promotion
expenditures would have been $102.8 million
lower than actually occurred, and the industry
would have been smaller, had the CAC not been
conducting its advertising and promotion
programs. When real costs and returns were
discounted at 0 and 3 percent, the overall long-run
discounted real returns from advertising and
promotion were $1.78 and $1.71 per dollar spent,
If producers paid the total costs of the program.

After accounting for costs shifted to buyers, we
estimated that California avocado producers
enjoyed an annual average benefit-cost ratio of 2.84
for the 34-years of the analysis. The long-run
weighted average benefit-cost ratios, when costs
and returns are discounted at 0 and 3 percent, are
2.48 and 2.26, respectively.

On a month-to-month and year-to-year
basis, the industry has realized excellent returns
from generic advertising and promotion programs.
Over time, however, the supply response resulting
from increased returns can erode prices and net
returns. Asillustrated, avocados tend to exhibit
cycles of production and prices; attractive returns
from advertising can contribute to these cycles.
Thisisthe nature of the short-run versus the long-
run returns to advertising when the industry does
not control supply and there is ease of entry and
exit. Nevertheless, generic avocado advertising
and promotion has provided excellent producer
returns in both the short run and the long run.



INTRODUCTION

The objective of this study isto determine
the effect of California avocado industry
advertising and promotion expenditures on the
demand and price for California avocados and to
estimate the ratio of benefits to costs for marketing
programs conducted by the California Avocado
Commission. These marketing activities, which
were initiated under a California state marketing
order program in 1961, continue to be funded by
mandatory assessments on all California avocado
producers. The report focuses on two questions:
(1) the impact of marketing expenditures on the
demand and price for California avocados, and (2)
whether net revenues to producers resulting from
the program have increased enough to offset the
program costs. Answering these questions requires
specification and development of a detailed
econometric model of the California avocado
industry that includes components for market
demand and supply response over time.

The organization of the report is based on
the steps taken to formulate answers to the research
questions. The initial step was to assemble a
complete and reliable data base for the analysis.
Using this data base, we document the changing
patterns of avocado acreage, yields, production,

and varieties that represent the supply side of the
industry, and then estimate a model of industry
supply response consisting of expressions for
bearing acreage and average yields. The analysis
of supply is followed by a description of the
demand for avocados that discusses prices and
consumption and presents time-series information
on important demand shifters, including income,
population, and advertising programs. An annual
model of avocado demand is then estimated and
relevant flexibilities and elasticities of demand are
presented. The annual demand model is
supplemented with a monthly analysis of demand
based on the most recent nine-year period.

The estimated supply and demand
relationships are used to simulate the economic
benefits and costs of the avocado industry
advertising and promotion program. Thefirst step
isto use estimated annual avocado prices both with
and without advertising to derive net short-run
returns to advertising and promotion. Then, the
acreage response relationship is used to derive an
estimate of long-run returns that accounts for the
impacts of producer supply response over timeto
the price impacts of advertising and promotion.



An Economic Evaluation of California Avocado Industry
M ar keting Programs, 1961-1995

Introduction

The objective of this study is to determine the effect of California avocado industry
advertising and promotion expenditures on the demand and price for California avocados and to
estimate the ratio of benefits to costs for marketing programs conducted by the California Avocado
Commission. These marketing activities, which were initiated under a California state marketing
order program in 1961, continue to be funded by mandatory assessments on al California avocado
producers. The report focuses on two questions: (1) the impact of marketing expenditures on the
demand and price for California avocados, and (2) whether net revenues to producers resulting from
the program have increased enough to offset the program costs. Answering these guestions
requires specification and development of a detailed econometric model of the California avocado
industry that includes components for market demand and supply response over time.

The organization of the report is based on the steps taken to formulate answers to the
research questions. The initial step was to assemble a complete and reliable data base for the
analysis. Using this data base, we document the changing patterns of avocado acreage, yields,
production, and varieties that represent the supply side of the industry, and then estimate a mode! of
industry supply response consisting of expressions for bearing acreage and average yields. The
analysis of supply isfollowed by a description of the demand for avocados that discusses prices
and consumption and presents time-series information on important demand shifters, including
income, population, and advertisng programs. An annual model of avocado demand is then
estimated and relevant flexibilities and elasticities of demand are presented. The annual demand
model is supplemented with a monthly analysis of demand based on the most recent nine-year
period.

The estimated supply and demand relationships are used to simulate the economic benefits

and costs of the avocado industry advertising and promotion program. The first step isto use



estimated annual avocado prices both with and without advertising to derive net short-run returns to
advertising and promotion. Then, the acreage response relationship is used to derive an estimate of
long-run returns that accounts for the impacts of producer supply response over time to the price
impacts of advertising and promotion.
The California Avocado Industry

Avocados are an important and high value fruit crop with annual sales revenue ranking well
within the top ten Californiafruit and nut crops. California produces 85 to 95 percent of the annual
U.S. avocado crop, with Florida accounting for the remainder. The demand for avocados has
grown over time as aresult of growing consumer income, increasing population, and industry-
sponsored advertising programs, and producers have responded by expanding planted acreage and
production. Bearing acreage, for example, remained under 25,000 acres until 1977 and total crop
value did not exceed $25 million until the 1972-73 crop year. Bearing acreage totaled 61,254 acres
in 1994-95 (down from a peak of 76,307 acres in 1987-88), and, for the most recent 5-year period
(1990-91 through 1994-95 crop years), Cdifornia s annual avocado production and value averaged
345.5 million pounds and $194.4 million, respectively. Around thistrend, avocado production and
prices vary substantially from year to year as aresult of variable yields and inelastic producer-level
demand. With inelastic demand, alarge crop returns less total revenue to producers than does a
small crop, other factors equal (the percentage decrease in price is greater than the percentage
increase in quantity). Avocado producers tend to exhibit extrapolative expectations behavior when
making crop investment decisions. They respond to recent crop returns, expanding acreage and
production when returns have been favorable for several years and decreasing acreage when recent
returns have been low.

Acreage Trends

Avocado production in California has a history extending from 1856, when the first avocado
tree imported from Nicaragua was planted near Los Angeles. During the 1880s and 1890s,
varieties were being imported from Mexico and seedlings were being grown. The beginning of a

commercia industry is placed at about 1910; by the 1919-20 crop year there were 280 bearing and



235 non-bearing acres of avocados recorded in California (Appendix Table 1). Since 1920, the
California avocado industry has experienced three periods of expansion, with decreasesin bearing
acreage following each expansion. As shown in Figure 1, bearing acreage of avocados increased
steadily from 280 acresin 1919-20 to 13,565 acresin 1946-47. After abrief pause, bearing acreage
again began to grow through the 1950s, reaching 21,921 acresin 1964. Increased new plantings
from 1968 through the 1970s fueled an expansion in bearing acreage from 20,715 acresin 1974-75
to apeak of 76,307 acresin 1987-88. Lower avocado prices as aresult of increased production in
the 1980s, limited availability of suitable land, increased urban pressures, high land costs, and high
water costs combined to reduce new plantings and bearing acreage after 1987. The most recent
estimate, based on an aerial survey conducted during the 1994-95 crop year by the Caifornia
Avocado Commission (CAC), reports 1994-95 bearing acreage at 61,254 acres. The CAC
estimated 1995-96 bearing acreage at 59,577 acres after adjustments to the survey datafor forecast

additions to bearing acreage and removals.

90 —----4 e
—O—— Bearing Acres

80 +----4 e P S .

9,
—L—— Nonbearing Acres 2%,
70 4----4 T e e (- - - L

60 +---- * Total Acres

L R e NI

T :

Thousand Acres

30

20

10

0
1920 1930 1940 1950 1960 1970 1980 1990

Y ear

Figurel. California Avocado Acreage by Category, 1920-1995




Avocado Varieties

More than 20 varieties of avocados have been produced commercialy in California since 1950.
Of these, four have had recorded acreage of more than 1,000 acres during any crop year and three
others have had more than 500 acres. The four varieties with over 1,000 acres include Bacon,
Fuerte, Hass, and Zutano while the three with 500 but less than 1,000 acres include Pinkerton, Reed,
and Rincon. The relative importance of particular varieties has changed significantly over time, as
shown in Table 1. The Fuerte share of total acreage decreased steadily from almost 79 percent in
1950 to just over 10 percent in 1990. It was largely replaced by the Hass variety, which increased
from 15.5 percent of total acreage in 1960 to over 71 percent in 1990. In general, the Hass variety
has two significant advantages over other varieties; it typically has the highest average yields and the
highest average prices per pound. Other varieties, however, have different seasonal patterns of
production and may be better suited to particular locations. The Bacon variety’s share of total
acreage increased from 2.5 percent in 1960 to 11.3 percent in 1980 and then decreased to 9.1
percent in 1990. Zutano acreage had a pattern similar to that of Bacon, increasing from almost 3

percent in 1960 to amost 9 percent in 1980 and then decreasing to 5.5 percent in 1990.

Tablel. Total California Avocado Acreage by Variety, 1950-1990.

Varieties 1950 1955 1960 1965 1970 1975 1980 1985 1990
Acres
Bacon nr nr 610 811 1,373 4,284 6,692 7,568 6,808
Fuerte 14897 17,236 15583 11,865 10,155 10,053 10,747 8,265 7,484
Hass nr nr 3,796 4,829 7484 19844 33209 50,622 52,968
Pinkerton nr nr nr nr nr nr 67 501 596
Red nr nr nr nr nr 371 692 734 746
Rincon nr nr 680 577 487 320 322 178 142
Zutano nr nr 725 576 857 2,833 5,291 5,536 4,145
Other 4,068 5,927 3,029 2,421 2,242 1,869 2,343 1,937 1,553
TOTAL 18,965 23,163 24,423 21,079 22598 39574 59,363 75341 74,442

nr: acreage not reported separately.
Source: California Agricultural Statistics Service, California Fruit and Nut Acreage, annual issues.




There was achangein the varietal composition of production associated with the acreage changes
described above. Data on avocado production for three variety categories (Fuerte, Hass and Other)
illustrates the shifts occurring. As shown in Figure 2, the Fuerte variety often accounted for the

majority of production from 1962 through 1968, but then its share of total production
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Figure2. California Avocado Production by Variety, 1962-94

decreased steadily to less than 5 percent in 1994. The Hass variety’s share of total production
expanded rapidly from just over 21 percent in 1962-63, to over 83 percent in 1994-95, with the
increase coming at the expense of the Fuerte and Other variety categories. The Hass variety’s
increased share of total production was due to its increased share of total acreage and its above-
averageyidds.

L ocation of Production

Because of weather constraints, California avocado production tends to be concentrated near

the coast in Southern Cdifornia and in micro-climates that have a low incidence of frost.



Commercial production districts used to describe the industry include the North Counties (Santa
Barbara, Ventura and San Luis Obispo, the Mid-counties (Los Angeles, Orange, Riverside and San
Bernardino), San Diego County, and the San Joaguin Valley Counties (Fresno, Tulare and Kern).
As shown in Appendix Table 2, San Diego County accounted for the majority of bearing acreage
from 1950 through 1975. As bearing acreage expanded rapidly after 1975, San Diego County’s
share of bearing acreage dropped to 43 percent in 1980 and then recovered to 49 percent in 1985
and 1990. The 1990 shares of acreage for the other production districts were: North Counties, 34.5
percent; Mid-counties, 14.5 percent, and; San Joaquin Valley Counties, 2.0 percent. The estimated
1995-96 shares of bearing acreage were: San Diego County, 42.3 percent; North Counties, 41.0
percent; Mid-counties, 14.4 percent; and San Joaquin Valley Counties, 1.7 percent (CAC).

Structure of Production

The California avocado industry is composed of alarge number of relatively small producers
who account for a small proportion of total harvested acreage and a small number of large
producers who account for the majority of acreage. The 1992 Census of Agriculture reported that
5,973 farms harvested 67,509 acres of avocados that year, resulting in average harvested acreage of
11.3 acres per farm. The 1987 Census counted 5,920 farms with 79,270 acres of avocados for an

average harvested acreage of 13.39 acres. Asshown in Table 2, more than half (58.65 percent)

Table2. California Avocados, Distribution of Farms by Acres Harvested, 1992.

Avocados Number of | Total Acres| Percent Percent Average | Cumulativ | Cumulativ
e e
Acres Harvested Farms Harvested | of Farms | of Acres | Acres’Farm % of % of Acres
Farms

1t0.9 608 298 10.18 0.44 0.49 10.18 0.44
1t04.9 2,895 6,536 48.47 9.68 2.26 58.65 10.12
5t0 14.9 1,462 12,046 24.48 17.84 8.24 83.12 2797
15t024.9 473 8,774 7.92 13.00 18.55 91.04 40.96
25t049.9 320 10,933 5.36 16.19 34.17 96.40 57.16
5010 99.9 119 7,943 1.99 11.77 66.75 98.39 68.92
100 or more 96 20,979 161 31.08 218.53 100.00 100.00
Total 5,973 67,509 100.00 100.00 11.30

Source: U.S. Department of Commerce. 1992 Census of Agriculture.




of the 1992 farms harvested fewer than 5 acres of avocados and these farms accounted for only 10
percent of total harvested acres. At the other end of the distribution, 215 farms (3.6 percent) with
more than 50 acres of avocados accounted for 42.8 percent of total acreage. The distribution of
acreage between large and small avocado producersis similar to many other Californiatree crops.
Asset Values

The aggregate value of land and trees devoted to California avocado production is relatively
high, even for a perennial fruit crop. Several factors are at work, including the high value of the
crop, high land values, and high development costs. The average per acre revenues from avocado
production are typically high in comparison to many other crops; the land is expensive because
climate requirements for avocado production are ideal for many other crops, as well asfor people;
and budgeted costs for establishment of a new avocado planting have recently been estimated at
over $15,000 per acre (Livingston, et al., 1993). With budgeted land costs of $15,000 to $16,500
per acre, total costs to establish a new avocado grove were over $30,000 per acre. A recent survey
of Californialand values estimated 1996 San Diego County avocado grove values ranging from
$5,000 to $15,000 per acre (down from arange of $10-17,000 in 1993), Ventura County avocado
grove values ranging from $12,000 to $25,000, and Santa Barbara County grove values ranging
from $13,000 to $35,000 per acre’. If one uses a value of $20,000 per acre for grovesin Ventura,
Santa Barbara, San Luis Obispo, Orange and L os Angeles Counties and a value of $15,000 per acre
for the remaining bearing acreage (San Diego County, Riverside County, San Joaquin Valley and
other), a conservative estimate of the value of California’ s 1994-95 bearing acreage of avocados
(61,254 acres) totals over $1 billion.

Avocado Supply

The total supply of California avocados during a given marketing season is the product of

bearing acres and average yield per acre. Most of the year-to-year variability of total avocado

production is due to the variability of average yields. Bearing acreage tends to change relatively

! These values are from California Chapter of the American Society of Farm Managers and Rural Appraisers, Trends
in Agricultural Land andLeaseValues Spring Ag Outlook Forum, March 20, 1996, pp. 14, 16.




slowly from year to year as aresult of planting decisions made several years earlier and current
removal decisions. Averageyields, on the other hand, demonstrate large year-to-year variability asa
result of weather and other factors, including alternate bearing tendencies of tree crops. In this
section of the report we discuss factors associated with varying annual yields, and examine trendsin
averageyields. We then examine factors associated with bearing acreage adjustments over time,
including the effects of crop returns on plantings and removals.

Average Avocado Yidds

Average annual yields for tree crops are influenced by a number of factors, including weather
conditions and alternate bearing tendencies. Over time, the age distribution of trees, the introduction
of new varieties or cultural practices, and the availability of water will also affect average yields.
There isalag of several years from the time when atree is planted until it begins to produce
commercial amounts of fruit or nuts (under California conditions the lag is three to five years for
avocados, depending on variety), yields increase as trees mature, then remain high for an extended
period of maturity, and finally decrease as the trees become old or diseased. Recent budgets use a
projected tree life of 40 years.

A 70-year data series on average avocado yields has been assembled from publications of the
California Crop and Livestock Reporting Service and its successor agency, the Caifornia
Agricultural Statistics Service (Appendix Table 3). The pattern of average yields for the 1925-26
through the 1994-95 crop years is shown in Figure 3. Severa interesting and important
observations on average yields are evident in these data. First, while there has been a definite
upward trend in yields over the entire period, thereis no clear trend evident in the most recent half
of the period (1960 forward). Second, the year-to-year variability of average yields around the
trend appears to have increased substantially over time. This pattern is consistent with yields
varying by a constant percentage of an increasing average rather than by a constant absolute
amount. This percentage variation is verified by plotting the natural logarithm of average annual

yields against time. The variability of the logarithm of yields appears relatively constant over the 70



year period. We will specify and estimate dternative average yield equations to quantitatively

describe and partialy explain yields over time.

12000

T i (R SR

R T k

BO00 | -~

Pounds per Acre

4000 - ~--m e AT e

2000 o o -

1925 1@
1930
1935
1940
1945
1950
1955 |
1960
1965
1970
19753
1980 |
1085 |
1990
1995 :

Year

Figure3. Average Annual Yieldsfor California Avocados, 1925-95

In genera terms, we expect average annua avocado yields to be afunction of aternate bearing,
the age distribution of trees, westher conditions, varieties, and technology. Selection of the
appropriate measures for these general variablesis both important and difficult. For example, there
are several different approaches that could be used to model alternate bearing. We follow the lead
of Alston, et al. (1995, p. 9-10) and specify first-and second-order autoregressive schemes to
represent aternate bearing. Several other variables are difficult to quantify accurately. Problems
arise with measuring the age distribution of trees, since available acreage statistics do not provide a

consistent basis for deriving data series for mature and old trees. Differencesin yields by variety



are best isolated by estimating separate yield equations for each variety but availability of acreage
and production data by variety are restricted. While it is clear that weather affectsyields, it is
difficult to assemble meaningful annual data on rainfall, temperature and humidity that help to
explain the annua variation inyields.

Given the data available, amodel including the effects of alternate bearing and trendsin average
annual yields over time was estimated for the period 1927 through 1995. The general
form used for the yield equation is:

Yi=ao+a1Ye1r +az2(Ye1-Ye2) +asT (1)
where, Y+t isyield in pounds per bearing acreinyear t Yi.q and Y+t.2 are yield per acre lagged one
and two years, respectively, and Tt is an annua time trend, with 1927=1, ..., 1995=70. The
estimated coefficients for the average yield equation are shown in the first column of Table 3, with t-
statistics in parentheses below each coefficient.

Results of estimating the average yield equation over the entire period of 69 years are
consistent with the scatter diagram of yields over time shown in Figure 3. Thereisa positive and

Table3. Estimated Annual Average Yield
Equations for California Avocados.

Explanatory Dependent Variable
Variable Yi Yi Yi
-------------------- estimated coefficients -----------------
Constant 1125.34 992.15 4600.41
(2.71) (2.90) (3.60)
Yi-1 0.20 -0.57 0.04
(1.08) (-1.66) (0.15)
Yi-1-Yt2 -0.27 0.09 -0.18
(-2.19) (0.38) (-1.07)
T 57.48 158.76 19.96
(3.40) (4.10) (0.74)
R2 0.53 0.63 0.08
Observation 1927-95 1927-56 1957-95
Period

Numbersin parentheses are t statistics.
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significant trend in yields with average yields increasing 57.48 pounds per year. Evidence of
alternate bearing is limited, however, since the estimated coefficient on one-year lagged yieldsis not
significantly different from zero and has an unexpected positive sign. Diagnostic tests performed
on the yield equation reveal the presence of heteroskedasticity and structural change, problems
which must be corrected if oneisto be confident of estimated relationships. The Chow test
indicates that a statistically significant change in the structure of yields occurred between 1956 and
1957. Thus, it isnot correct to assume that average yield coefficients were equal over the entire
period and separate equations must be estimated for the two periods 1927-1956 and 1957-1995.2

Theyield equation estimated for the first part of the period (1927-1956, shown in the middle
column of Table 3) has avery significant trend in average yields with an annual increase of 158.76
pounds. While the coefficients on lagged yields have plausible signs, neither is significantly
different from zero. Thus, thereis not strong evidence of aternate bearing during the first portion
of the period of analysis.

The analysis of factors associated with average yields during the second portion of the period
(1957-95, shown in the third column of Table 3) isnot at all definitive, with the variables included
explaining only 8 percent of the annual variaion in average yields. None of the estimated
coefficients was significantly different from zero. Thus, we conclude that there is no recent trend in
average avocado yields (either positive or negative), nor isthere satistical evidence of dternate
bearing.

Thereis not an obvious explanation for the increased variability of average avocado yields over
time or for termination of the upward trend observed for many years. The average yields for most
crops have, in fact, continued to increase over time as improved and new varieties have been
introduced, as management techniques have improved, and as trees reach maturity. One would have
expected average avocado yields to increase during the 1970s and 1980s as sharply increased new

acreage matured, and as the mix of trees changed to the higher yielding Hass variety. Three factors

2 Estimation of the yield equations in logarithms will solve the problem of heteroskedasticity but the strucutural
change requires separate equations. Note that the yield equations estimated in logarithms, but without the difference
inlagged yidds (Yt-1 - Yt-2 ) which were negative for some years, had results very similar to those reported in Table

3. Theresults are presented in levels for ease of interpretation.
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could have contributed to termination of the upward trend and increased variability of average
yields. First, and most important, a significant portion of the new acreage planted during the 1975-
85 decade may have been less well-suited to avocado production (or even marginal) than the core
acreage because of climate, soil quality, or topography. Second, the growth in average yields would
be expected to level off as trees matured and the age distribution of trees changed significantly over
time. While a consistent series of acreage by age is not available for the total period of analysis, the
proportion of trees over 11 years of age increased from about 31 percent in 1982 to 89 percent in
1992. And third, sharp increases in water costs in magjor production areas may have resulted in
reduced water use and this may be associated with reduced yields in many groves.?

Averageyields by variety

Average avocados yields tend to vary by variety. A set of data on bearing acreage and total
production for three variety categories (Fuerte, Hass and all others) permits alimited comparison of
average yields by variety for the period from 1962 through 1992. Over this period, the average
annual yields were: Hass, 6,675 pounds per acre; Fuerte, 4,281 pounds per acre; and all other
varieties, 5,111 pounds per acre. There were significant differencesin shares of acreage and total
production because of differences in average yields. In 1992, for example, the Hass variety
accounted for 72 percent of bearing acreage and 89 percent of total production, while the Fuerte
variety had 10 percent of bearing acreage and only 3 percent of total production. All other varieties
had 18 percent of bearing acreage and 8 percent of total production in 1992.

There are varietal differencesin the year-to-year variability of average yields. Asshownin
Figure 4, Hass avocado acreage has experienced the highest average yields, exceeding 10,000
pounds per acre four times during the 1962-92 period, while Fuerte has had the lowest yields,
dropping below 2,000 pounds per acre during five different crop years. The range between high
and low yields during the period was highest for the Fuerte variety at 8,806 pounds per acre (from a

minimum of 430 to a maximum of 8,806 pounds per acre). During the 1962-92 period, the

¥ Onewould not usually expect growersto limit the use of an input such as water on a high-value crop such as
avocadoes. Note, however, that water costs for some growers using municipal water supplies increased to over $400
per acre foot and annual water applications have ranged to over four acre-feet per acre. Over the last decade, average
total revenue per acre has ranged from $1256 to $3757.
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coefficients of variation (the standard deviation divided by the mean) for annual yields by variety

were: Fuerte, .5625; Hass, .3476; and Others, .3283. It isnot surprising that analysis of factors

=l ryerte —®—— Hass ——<— Others

Pounds per Acre

1962 1966 1970 1974 1978 1982 1986 1990

Year

Figure4. Average Annual Avocado Yieldsby Variety, 1962-92

associated with annual changes in yields by variety were similar to the analysisfor all avocados for
the 1957-95 period. That is, there islimited evidence of any trend in average yields or of alternate
bearing.

Acreage Response

Actual and potential avocado producers make decisions each year concerning whether or not to
plant new trees and, if the decision is positive, the number of acresto plant. Existing producers aso
make decisions on the remova of trees. These decisons, which are based on the expected
profitability of avocado production versus dternative investments, result in net annual changes
(either positive or negative) in avocado acreage. If new plantings during the year exceed removals,
total acreage expands; if new plantings are exceeded by removals, total acreage decreases. Since

avocado treesrequire 3to 5 years after planting to reach commercia production, positive net
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increases in acreage will not have significant effects on production for several years. These lags
and the implications for the formation of expectations that affect the investment decision are very
important in modeling both acreage and production response.

The theoretical framework for models of perennial crop producer supply response has been
developed and tested for several crops. Included are studies by French and Matthews, Rae and
Carman, Baritelle and Price, Bushnell and King, Thor and Jesse, French and Bressler, Minami,
French and King, Alston, Freebairn and Quilkey, Alston, et al. (1995), and Carman and Green,
among others.* Data quality and availability are important modeling constraints that often dictate
the nature of the supply relationships estimated for perennia crops. Each of the avocado acreage
data series are examined in terms of strengths and possible weaknesses.

The bearing acreage of avocadosin year t isthe result of past plantings and removals decisions,
as noted above. This relationship can be expressed as.

BAt=BAt-1 + NPtk - Ri-1 2
where BA is bearing acreage, the subscript t or time designates the year, k isalag of k years
required from the time when atree is planted until it reaches bearing age, NP is new plantings
(acres) and R is acresremoved. Thus, explanation of the bearing acreage in any year depends on
explaining planting and removal behavior lagged an appropriate number of years.

New Plantings

The acreage of new avocado trees planted during any year is based on the expected profitability
of avocado production over the bearing life of the trees. Since expectations cannot be observed,
estimation of a plantings equation requires specification of a set of observable variables related to
expectations. The studies referenced above typically employed a moving average of recent past
values of returns as a proxy for expectations of future values of returns based on the observation
that producer expectations are often formed from recent experience. Some studies used gross
returns, others used net returns. Some returns were expressed in current dollars while others were

inred terms.

4 Alston, et al. (1995) include a summary of the main perennial crop supply response studies in the literature (pp.
16-22).
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Income tax laws related to the tax treatment of devel opment expenses, effective during aportion
of the study period, affected the after-tax costs of development and are expected to have had an
impact on planting decisions. Income tax rules requiring capitalization of development expenses
for citrus and almonds, effective in 1969 and 1970, resulted in a discrete shift of investor interest
from citrus and amonds to other crops, including avocados, grapes and walnuts (Carman). Then,
tax law changes in 1976, that restricted write-offs of orchard development costs for limited
partnerships, dowed syndication activity in all orchard crops. A discrete change in tax laws, such as
occurred, is likely to change the parameters linking production response to prices and other
variablesin a one-shot fashion. This can be modeled by the use of a dummy variable that has a
value of one when the law stimulates investment in new orchards (between 1971 and 1976) and zero
otherwise. Such adummy variable can be used to allow for a change in the intercept, or in any of
the model’ s parameters.

While one would expect other factors, such as the expected profitability of aternative crops, to
affect the planting decision, attempts to include such factors in estimated rel ationships have met with
limited success.

Using previous work as a guide, the plantings equation for avocados was specified as:

NP; = f(TRA{1,m, TAX, TA) 3
where NP is acres of avocados planted in year t, TRA isalagged moving average of farm-level total
revenue per acre for avocados deflated by the index of prices paid by farmersfor all commodities,
services, interest, taxes and wage rates, (with the length of the moving average, m, to be based on the
data), TAX isazero-one variable to capture the impact of income tax law changes and TA; is total
avocado acreage in year t. Given that profit expectations are based on recent experience, new
plantings are expected to have increased as average returns increased. In addition, the level of
plantings required to maintain agiven level of acreage increases as acreage increases.

The California Agricultural Statistics Service published annual estimates of the acreage of new
avocado trees planted through 1992. These data were based on a combination of detailed acreage

surveys from afew counties each year and estimates provided by Agricultural Commissionersin
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the others. Close examination of these data reveal that plantings reported in year t are typically
much smaller than reported acres of k-year old trees standing in a subsequent year t + k (i.e., that
were planted in year t). The delayed appearance in the data of plantings madein year t for a number
of yearsis partially explained by the data collection process. Counties would conduct a detailed
survey only once each 5 to 8 years and would estimate acreage for the other years. It appears that
the estimates in intercensal years were based on known new plantings, and there were aways
additional plantings that were only discovered by detailed surveys. Thisisillustrated in Appendix
Table 4. Thefirst column of acreage figures are the new plantings originally reported and estimated
inyear t. Reading across a given row shows the acreage that was planted in year t and reported
standing from 1 to 8 years later. For example, reading across the row for 1980, we see that 3,636
acres of avocados were reported as planted in 1980. In 1981, 4,556 acres of avocados were
reported as planted in 1980 and in 1982 the reported acres standing that were planted in 1980
increased to amaximum of 4,629. Acresreported as planted in 1980 remain in arange of 4,026 to
4,198 acresthereafter. The bold-faced entries in the table are the maximum acres reported as being
planted in each year (t) and they typically occur severa years after the planting date.

Removals

Avocado trees may be removed for various reasons including low yields due to disease or age,
because of persistent low returns, or to develop the land for other uses. Lacking detailed data on
age of trees, incidence of disease, or the effect of urbanization, empirical estimates of remova
relationships for perennial crops have met with limited success. A noteworthy exception was the
cling peach study by Minami, French and King, which had detailed acreage data by age category.
Faced with data problems, which were also present for avocados, most studies have experienced
difficulty in isolating variables that are highly related to removas, and have used a constant
percentage of acres or ameasure of profitability at the time the removal decision was made. This
study specified the removals function as:

Rt = f(TRAt-1,m, BA;) 4
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where the variables are as defined above. One expects removals to increase when returns are low
and to decrease when returns are favorable. Removals are also expected to vary directly with
bearing acreage. Since the data required to create variables to measure other factors such as
urbanization, disease, and tree age were not available, their impacts will be included in the constant
and error terms.

Removals of avocado trees are not typically reported; construction of aremoval seriesis based
on data that are reported. One can work from the total acreage relationship to derive estimates of
removals. Begin by specifying year-to-year changesin total avocado acreage (TA) as afunction of
plantings and removals, as was done in equation (2) with bearing acreage:

TA: = TAt-1 + NPi.1 - Ri-1 (5
Solving for removals, we have:

Rt-1= TAp1- TAt + NPt.q (6)
In terms of the acreage series reported, total acres (TAt) in year t is the sum of bearing and
nonbearing acres in year t, and nonbearing acres are the sum of new plantings for k years, where k
isthe number of years after planting for avocados to be classified as bearing. Since new plantings
may not be counted for several years, as noted above, and the data on nonbearing acres are not
usually updated, the direct estimation of removalsis subject to substantia error.

The estimation of removals is illustrated in Appendix Table 5, using the acreage figures
reported in the annual reports of the California Avocado Commission (CAC). The bearing and
nonbearing acres for each year are added to obtain tota acres. The edtimate of removals is
caculated according to equation (6), using maximum plantings reported in year t (Appendix
Table4). A problem with the data series used to derive removalsis readily apparent; removals are
negative in three years, 1968 (-629 acres), 1981 (-15,614 acres) and 1987 (-4,495 acres). Large
negative removalsin 1981 are apparently due to discovery of previously uncounted acreage in the
detailed acreage surveys for San Diego, Santa Barbara and VVentura Counties. The CAC conducted

an aeria survey in 1987-88 that resulted in a sharp increase in reported nonbearing acreage.

17



The problem of negative removas (and the discovery of new plantings over time) is an
indication of other problems with the reported acreage series. Most importantly, few of the series
were revised as new information became available for previous years. CASS did provide revised
estimates for the previous year’ s bearing and nonbearing acreage but these were not incorporated in
the past yield or production data. Close examination of the revised estimates indicates that most
revisions were small and the revised series did not solve the problem of negative removals. Thus,
one must allow for the newly discovered acreage in each of the three years 1968, 1981 and 1987
when making empirical estimates of acreage response. One can work with the plantings series
derived in Appendix Table 4 to derive revised estimates of bearing and nonbearing acreage series
but the accuracy of any revisionsis unknown”,

Empirical Estimates of Acreage Response

Several aternative approaches can be used to estimate acreage response, with the choice usualy
based on the availability and quality of data and the purpose of the estimates. Probably the most
direct approach isto estimate the annual change in total acreage, which is the difference between
plantings and removals or net investment in acreage of the crop. If reliable data are available on
annual plantings and removals, a separate equation for each can be estimated and these can be
combined to calculate annual changesin acreage. If the purpose of the acreage response analysisis
to estimate the annual production of the crop, one can estimate a single equation for the net change
in bearing acreage that includes lagged values of the variables affecting planting and removals. This
equation is used to cal culate bearing acreage, which when multiplied by average yield, gives total
production. One can aso estimate separate equations for plantings and removals and use arunning
sum of the most recent plantings to estimate nonbearing acreage, or alagged value of planting to
account for the usual period required to reach bearing age. The alternative approaches used to

estimate models of supply response for avocados in this study include: (1) separate equations for

5 Carman and Green used this approach but their simulations of bearing acreage were consistently above revised
bearing acreage during the 1970s.
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plantings and removals, (2) the annual change in total acreage, or net investment, and (3) the annual
change in bearing acreage.

Planting and Removal Equations

The new plantings relationship specified above is used as a basis for estimating an avocado
plantings equation using a linear specification. While the variables included in the equation explain
areasonabl e percentage of the variation in annual plantings, the Durbin-Watson statistic indicates
that there is positive serial correlation. This could be due to use of an incorrect functional form
and/or omitted variables, but ismost likely due to measurement problems in the plantings data with
the most recent observations being understated. The new plantings equation, estimated from data
for the period 1951-52 through 1992-93, is shown in the first column of Table 4. NP, acres of
avocados planted in year t, isthe dependent variable. The explanatory variablesinclude TRAt.14 (a
four-year average of total revenue per acre deflated by the index of prices paid by farmers for all
production items (1977=1.00) and lagged one year), DWater (a dummy variable to capture the
impact of sharply increased water costs with a value of one from 1990-91 through 1994-95 and
zero for other years), Dtax (a dummy variable to capture the effect of income tax incentives available
from 1970-71 through 1975-76), and the t-ratios are in parentheses. Note that the 4-year average of
deflated total revenue per acre lagged one year, which was used as the proxy for profit expectations,
yielded better statistical results than did other averages of total revenue or prices. Each of the
estimated coefficients has the expected sign and, except for the coefficient on the tax variable, al are
statistically significant at the traditional 95 percent level. The tax coefficient is not significantly
different from zero.

While removals may be related to several factors, only a proxy variable for profit expectations
and bearing acreage were included in the equation estimated. There was a so the problem of what to
do with the negative removal observations. Possible alternatives were to: (1) change each negative
value to zero, (2) revise the acreage series to remove the problem, or (3) remove their effect with a
dummy variable for each year they occurred. The dummy variable approach was used. The

estimated equation for removalsisin the second column of Table 4. The number of
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Table4. Estimated Annual Acreage Response Equationsfor
California Avocados.

Explanatory Dependent Varigble
Variables NP Ry DTA¢ DBA;
estimated coefficients
Constant -4,696.21 -552.17 -4,545.31 -3,640.848
(-7.37) (-0.67) (-5.39) (-5.30)
TRA{-1.4 3.90 0.67 3.42
(10.59) (1.54) (6.07)
TRA{ 5.4 2.885
(5.95)
PPlt.1 -7.169
(-1.69)
PRt.1 28.206
(2.65)
D81 -17,867.74 18,432.14 12,246.90
(-13.70) (12.88) (9.90)
D87 -7,045.33 6,257.44
(-5.27) (4.37)
DWater -2,674.06 -2,934.13 -2,544.724
(-4.96) (-4.75) (-3.35)
DTax 1,097.48 1,053.61
(1.84) (1.17)
DTax-5 1,753.65
(2.89)
TA, 0.024
(3.52)
BA, 0.033
(3.79)
R2 0.85 0.84 0.89 0.92
D.W. 0.69 1.99 1.87 212
Observation 1950-93 1950-95 1950-95 1952-95
Period

Numbersin parentheses aret statistics.

acres removed in year t (Ry) isthe dependent variable. Independent variables in the removals

eguation included the proxy variable for expected profits (a four-year average of total revenue per
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acre deflated by the index of prices paid by farmersfor all production items (1977=1.00) lagged
oneyear (TRAt.1.4), D81 and D87 (the dummy variables for negative removalsin 1981 and 1987),
and bearing acreage (BAt). The coefficients on the dummy variables and bearing acreage each have
the expected sign and are statistically significant at the 99 percent level. The estimated coefficient
for deflated total revenue per acre has an unexpected positive sign but it is not significantly different
from zero (the t-statistics are in parentheses) at the traditional 95 percent level. The variables
included in the equation explain 84 percent of the variation in removals and there is no evidence of
autocorrelation. Variables for income taxes, high water costs, and negative removals in 1968 were
not significant and were not included in the final equation.

Change in Total Acres

The change in total avocado acreage from year t-1 to year t is the difference between plantings
and removals, or net investment. The estimated equation for net investment (DTAy), in the third
column of Table 4, includes the independent variables used to estimate plantings and removals.
Each of the coefficients has the expected sign and al are significant except for the dummy variable
for tax law changes affecting devel opment costs.

Change in Bearing Acres

The bearing acreage data series is the most important series in working with supply response
and it is also probably the most accurate of the acreage series available. Rather than estimate
bearing acreage directly from equation (2), lagged bearing acreage is subtracted from both sides and
the annual change in bearing acreage (DBAt = BA¢ - BAt-1) isestimated. The formulation is similar
to the net investment equation estimated above but with extensive lags on new plantings because of
the time required to reach bearing age. The time to bring an avocado tree into bearing varies from
three to five years, but for the Bacon, Hass and Zutano varieties that account for over 85 percent of
acreage, three yearsistypical. Sinceit isnot unusual to have another year delay between the
planting decision and actual planting as aresult of land preparation and acquisition of nursery

stock, the usual 1ag between the decision to plant an avocado tree and the time it reaches bearing age
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is probably at least four years (k= 4). Lagsof 4, 5 and 6 years for the variables associated with
plantings were examined; the 5-year lag yielded the best statistical results.

The estimated change in bearing acreage equation is shown in the fourth column of Table 4.
Each of the coefficients has the expected sign and all except the coefficient for the one-year lagged
cost index were statistically significant at the 95 percent level or greater. The proxy variable for
expected profits affecting planting is afour-year average of total revenue per acre deflated by the
index of prices paid by farmers for all production items (1977=1.00) lagged five years (TRAt.5 4).
The four year average yielded better statistical results than did either athree or five year average.
Thefiveyear lag was also preferred to ether four or six years, based on standard datistical
measures. The proxy variables used for expected profits in the removals equation were average
prices and the cost index, each lagged one year®. It is not unusual in empirical work to find that
removals respond to more recent economic factors than do plantings, even though one would expect
profit expectations affecting plantings and removals to have smilar time horizons. The 1987
dummy variable was not significant and was deleted. Examination of the acreage data shows that
the adjustment that occurred in 1987 impacted nonbearing and total acreage much more than it did
bearing acreage. Income tax laws had a significant impact on plantings during the six year period
1970-71 through 1975-76; the DTax variable had a value of one for each of those six years and
zero otherwise. The estimated coefficient on the DTax variable indicates that the shift of investor
interest (due to restrictions on citrus and almonds) increased total avocado plantings by almost
1753 acres each year relative to the “no tax law” period. The impact of taxes on change in bearing
acreage was lagged five years because of the delays between planting and bearing noted above. The
estimated coefficient on the dummy variable for the increase in water prices indicates that bearing
acreage decreased almost 2545 acres each year during the five years from 1990-91 through 1994-

95. Further decreases of this magnitude are unlikely; the industry has worked closely with local

% Lagged price and the cost index were used after the four-year average of real total revenues lagged one year was not
dtatistically different from zero.
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water agencies to receive some relief, and the most vulnerable acreage has already been removed.

Unexplained variation in the change in bearing acreage equation isrelatively small.

Change in Bearing Acres
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Figure5. Annual Changein Bearing Acreage of California
Avocados, Actual versus Predicted, 1953-95

The estimated change in bearing acreage equation has estimated coefficients that are consistent

with expectations, it explains a high proportion of the annual variation in bearing acreage, and it is

also the easiest to work with in simulating acreage and supply response to various policies and

programs. Asshown in Figure 5, the equation does a reasonable job of predicting annual changes

in bearing acreage, given values for each of the independent variables. When an initial value for

bearing acreage is entered, the change in bearing acreage equation a so provides estimates that track

total bearing acreage quite well’. The comparison of actua and predicted bearing acreage in Figure

6 shows a tendency for the model to slightly over-estimate bearing acreage during the early years

when acreage was comparatively stable and to under-estimate the total when acreage was expanding

" The estimated change in bearing acreage for each year t is added to the estimated bearing acreage for the previous
year, t-1, to yield a cumulative summation of bearing acreage.
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rapidly. Inoveral terms, however, the estimated values are quite close to actua values during the 44

years analyzed.
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Figure 6. Bearing Acreage of California Avocados,
Actual versus Predicted, 1953-96

Conclusions

Annua production of Californiaavocadosis the product of bearing acreage and average yields.
Average yields are largely determined by factors outside the control of producers and vary
sgnificantly from year-to-year. Bearing acresge, on the other hand, is the direct result of
producers past decisions on plantings and removals and it tends to trend up or down over time.

Analysis of avocado yields over time permits several observations. After trending up for many
years, average yieldstended to levd off and become more variable. No trends in yields are
presently evident, and we were not able to isolate significant alternate bearing tendencies. Average
yields tend to vary by variety, with the Hass variety having the largest average yields. Tentative
explanations for the recent absence of an upward trend and increased variability of average avocado

yieldsinclude recent sharp increases in water costsin many production areas, an increasing average
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age of bearing groves, and the possible expansion of plantings on land that may not be ideally-
suited for avocado production because of climate, soil quality, or topography.

The major components of avocado acreage response, including plantings, removals, total
acreage, and bearing acreage were examined in some detail with generally consistent results. An
average of recent total revenues per acre deflated by the producer price index was an important
determinant of new plantings. The most statistically significant determinant of removals was acres
of bearing trees. The variables used to explain plantings and removas were combined in an
equation to estimate the annual change in bearing acreage, with time lags to account for the time
required for a newly planted tree to reach bearing age. These variables, combined with variables to
account for the impact of favorable income tax laws and high water costs on plantings and removals,

explained 92 percent of the variation for annual changes in bearing acreage.

The Demand for California Avocados

Since the production of avocados during a marketing year is determined by decisions and
events occurring in previous time periods, and because avocados are largely consumed fresh and
not stored from one crop year to the next, the quantity of avocados placed on the market in agiven
year is essentially predetermined. Given these conditions, the annual demand for avocados is best
expressed in the price dependent form (the inverse demand model), with the annua price of
avocados being explained by available quantities and other factors. Along with quantity, the key
factors explaining demand include prices of related goods, the purchasing power of potential
customers, the size of the market in terms of number of consumers, and consumer tastes and
preferences. This section presents a broad overview of historical data that characterizes and
explains the annual demand for California avocados and then formalizes the relationships with an

econometric mode!.

Characteristics of the Demand for California Avocados Over Time
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Figure 7 graphs the average annual farm-gate price of Californiaavocados in both nominal and
real dollars for the 1962-95 time period.? Panel A of the figure shows that nominal avocado prices

were quite variable throughout most of the period but there was a distinct upward trend in
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Figure7. Average Annual Price of California Avocados
in Nominal (A) and Real (B) Cents per Pound (1995=100)

these prices (solid linesin the figures are linear time trends fit with ordinary least squares). For

instance, nominal prices increased from an average of $0.16 per pound in the 1960s (1962-69) to

8 The nominal price was adjusted for inflation using the consumer price index (CPI) for all items with 1995 as the
base, obtained from The Economic Report of the President and recent issues of The Survey of Current Business.
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an average of $0.72 per pound in the 1990s (1990-95). Price variability also increased over the
time span; the standard deviation of prices was 0.06 in the 1962-69 period and 0.32 for 1990-95.
The picture changes markedly when prices are adjusted for inflation (panel B). Inreal terms, prices
appear to have aroughly constant mean and variance over time. Some broad tendencies are evident,
however, as inflation-adjusted prices were relatively high and variable throughout most of the 60s
and 70s (averaging $0.92 per pound, with a standard deviation of 0.36, for the 1962-80 period), low
and constant through the early and mid-80s (averaging $0.40 per pound, with a standard deviation
of 0.17, for the 1981-87 period), and then generally higher and more variable again in the late 1980s
and early 1990s (averaging $0.77 per pound, with a standard deviation of 0.31, for the 1988-94
period). Thefitted linear time trend suggests that real prices tended to decline somewhat over the
entire period.’

One of the most prominent factors explaining the price of avocados for a given time period is
the quantity offered on the market. Figure 8 illustrates total California avocado production along
with the average real price per pound for the 1962 through 1995 crop years. As shown in the
figure, supply fluctuated dramatically around an increasing trend for the period, with annual
variability largely due to average yields. Since 1981, however, there appears to have been little if
any trend in production quantities and a substantial increase in annual variation. The “Law of
Demand” holds that there is an inverse relationship between price and quantity, when everything
elseisheld constant. Thus, an increase in supply to afree market will have a negative effect on
prices provided all other determinants are fixed. This phenomenon is clearly seen in the avocado
market, as real prices and quantities moved in opposite directionsin nearly every year (the smple
correlation coefficient for the two seriesis-0.68). Thus, changes in production clearly explain a

great dedl of the variation in avocado prices.

® The slope coefficient for the estimated trend line for the annual real price of California avocados was not
statistically different from zero; thus, the results are consistent with the hypothesis of no trend in real prices.
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Figure8. Annual California Avocado Production
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While avocado prices and quantities have an inverse relationship, gross annual revenues for
Cdlifornia avocado producers trended upward at a considerable rate over the 1962-95 span
(Figure 9). For example, in nomina termsthe value of total farm sales of avocados averaged about
$14.0 million per year for the 1962-69 period and increased over 14 fold to an average of $201.6
million per year for 1990-95. The rate of growth was less dramatic in real terms; nevertheless,
inflation-adjusted annual crop values also trended upward strongly. The fitted linear time trend
shown in panel B of Figure 9 (solid line) implies an average growth rate in the real value of annua
Cdifornia avocado crops of about 4.7 percent per year throughout the period under consideration.

A comparison of Figures 8 and 9 suggests an important point: producer-level avocado demand
appears to be inelastic. This meansthat, all other factors equa, an increase in crop size will
decrease both prices and total crop revenue while asmaller crop will increase prices and total crop
revenue. Notice that since 1979, avocado quantity and real producer revenues moved in distinctly
opposite directions in every year but one (1989). Thus, increases in production tended to be met

with more-than-offsetting decreases in prices and reductions in total producer revenues; similarly,
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decreases in production tended to be met with more-than-offsetting increasesin pricesand arisein

total producer revenues.
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Other Factors Explaining the Demand for California Avocados

Abstracting from the irregular components of the time series discussed above, the generd
picture of the Californiaavocado industry that emerges between 1962 and 1995 is one of real prices
tending to decrease dlightly, with quantities and total revenuesincreasing over time. Thisoverview

indicates that the inelastic producer-level demand for avocados has increased (shifted outward) over
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the period. Here we describe factors that can cause such shiftsin avocado demand. In
principle the demand for any good, such as avocados, is affected by the supply and demand
relationships for all related goods, both complements and substitutes. For instance, complements
tend to be consumed together, so that an increase in the price of one resultsin a decrease in the
demand for both (and vice versa). Other goods may substitute well for each other in consumption,
so that an increase in the price of one tends to induce consumers to switch to the other relatively
cheaper product (and vice versa). Thus, demand analysis should account for the effects of
production and price changesin complement and substitute goods. In the case of Caifornia
avocados, avocados grown el sewhere might be considered as distinct yet closely related products.
However, other related goods—those likely to have a statistically significant impact on avocado
demand—have not been identified at this point.

The purchasing power of consumers, as represented by real disposable income, is another
important explanatory factor in quantitative demand analysis. Economic theory predicts that as the

income of market participants increases, avocado demand will increase as well, assuming that all

Real Dollars
| ]
\

1962 1966 1970 1974 1978 1982 1986 1990 1994

Year

Figure10. U.S. Disposable Income per Capita
in Real Dollars (1995=100)

other factors are held fixed and that avocados are a“normal” good. Figure 10 shows a positive
trend in U.S. real disposable income per capitafor the 1962-95 period. In addition, cyclical periods

of expansion and recession in the U.S. economy are reflected in per capitareal income—the annual
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growth rate for the time period has a mean of 1.92 percent and a standard deviation of
2.17 percent. According to economic theory, the demand for avocados should be affected by these
changes in consumer income.

The demand for California avocados may also be affected by supplies from other production
regions. Figure 11 shows annual U.S. avocado production by location plusimports. Asindicated,
Cdliforniatypically accounts for 85 to 90 percent of total U.S. production, with Florida accounting
for the remainder.’® Historically, the quantity of avocados imported to the United States has been

quite small. For instance, from 1962 through 1989 imports amounted to just over
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Figurell. Total Annual U.S. Avocado Production
by State, PlusImports

one percent of annual U.S. production. Recent years, however, have seen substantial increasesin
foreign avocado purchases, with imports averaging over 10 percent of annua U.S. production since
1990. While Californiaclearly dominates the U.S. market, avocado supply from Florida and
foreign producers is significant and is expected to have a measurable (negative) impact on

Cdiforniaprices.

1% The state of Hawaii also has a small avocado industry that on average produces about 0.25% of the total U.S.
crop.
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All else being equal, total demand shifts proportionately with increases in the size of the
market. In this study, the “market” for California avocados is assumed to be the entire U.S.
economy; hence, the U.S. population is the explanatory factor representing the size of the market.
It is no surprise to note that U.S. population increased steadily over all years under considerationin
thisreport. Specifically, U.S. population increased from approximately 186.5 million personsin
1962 to approximately 263.1 million personsin 1995, with an average annual growth rate of 1.05
percent (the standard deviation of the annual growth rate for the period is 0.14). The steady
expansion of population has, thus, exerted constant upward pressure on total demand which must
be accounted for in modeling avocado markets.

Regarding the extent of the market, Figure 12 illustrates the percentage of California avocado
shipments by U.S. regional destination for the 1994-95 crop year. Asshown in the figure, nearly
40 percent of al Californiaavocado shipments were intra-state that year. The next largest shipment
destination was the Southwest, followed by the Pacific (excluding California), Northeast, East
Central, West Central, Southeast, and Other. Notethat the “other” category includes foreign
exports amounting to about 1.7 percent of the total. This shipment distribution is assumed to be
generally representative of historical patterns. Thus, while sales are heavily concentrated in the
West and Southwest, the market for California avocados can be considered national in scope, with
small amounts of foreign exports.

Advertising and Promotion

Advertising isthe final factor posited to explain consumer demand for avocados. Industry
advertising efforts are expected to increase demand through providing information and changing
preference patterns. A major objective of this study is to determine the extent to which generic
advertising programs conducted by the California Avocado Commission have been successful in

shifting the demand for California avocados.
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Notes: Regions are defined by the following city/area destinations: Pacific Region—Hawaii, Los Angeles, Phoenix/Tucson, Portland, Sacramento,
San Diego, Seattle, San Francisco, Salt Lake City; Southwest Region—Albuquerque, San Antonio, Dallas/Ft. Worth, El Paso, Houston,
McCallin, Oklahoma City; West Central Region—Denver, Kansas City, Minneapolis/St. Paul, St. Louis; East Central Region—Chicago,
Cleveland, Detroit, Grand Rapids, Indianapolis, Milwaukee; Northeast Region—Baltimore/Washington, Boston,
Hartford/New Haven, Philadel phia, Pittsburgh, Richmond, New Y ork; Southeast Region—Atlanta, Birmingham, Memphis, Miami, New Orleans,
Orlando. Other includes other US destinations (0.7%), Canadian exports (0.1%), and overseas exports (1.6%). Source: 1994-95 AMRIC Summary

Reports, California Avocado Commission.

The Cadlifornia avocado industry conducted generic advertising programs under a state
marketing order from 1961 through 1977 and has operated under the Cdifornia Avocado
Commission law since 1978. The current Avocado Commission law allows a maximum producer
assessment of 6.5 percent of the gross dollar value of the year’s sale of producer avocados to
support all Commission activities, including production research, industry affairs, marketing
programs, and administration. It also provides that expenditures for administrative purposes within
the maximum assessment shall not exceed 2.5 percent of the gross dollar value of sales. Actual
grower assessments during the 1990s have been substantially below the alowable maximum,
ranging from alow of 3.0 percent in 1990-91 to a high of 5.25 percent in 1992-93. The average
annual assessment for the five crop years 1990-91 through 1994-95 was 4.05 percent. A key point
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that we will return to later is that the legislation does not contain provisions for controlling the
supply of avocados placed on the market.

A review of annual reports of the marketing order and commission programs indicates that the
industry spent over $116 million on advertising, promotion, and related services (“marketing
expenditures’) from initiation of the program in 1961 through the 1994-95 marketing year. Figure

13 givestotal annual marketing expendituresin nominal and real dollars. Since available funds are
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based on producer revenues, marketing expenditures followed gross crop values fairly closely over
the period (compare Figure 13 with Figure 9). In fact, the correlation coefficient between marketing
expenditures and the prior year’s crop value is 0.83 in terms of levels and 0.50 in terms of annual
rates of change, verifying the expected postive relationship.* Thus, program outlays trended
upward throughout the period in both nominal and real terms. The overall rate of increase was,
however, less than that of gross crop value. For instance, the real trend linein Figure 13, panel B,
increases at an average annual rate of 3.7 percent, one percentage point below the trend line for real
producer revenue. In addition, it should be noted that there appears to have been little trend in real

marketing expenditures since 1977.%
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Figure14. California Avocado Industry Annual Marketing
Expenditures by Category, 1986-95

1 |f the common trend is accounted for, there does not appear to be a strong relationship between marketing
expenditures and the current crop value. For instance, the correlation coefficient is 0.60 in levels and -0.32 in annual
rates of change. Thisisan important point for the econometric estimation that follows.

2 Note that proportion of CAC expenditures on marketing programs and administration has decreased in recent years
as expenditures on industry programs (production research, industry affairs and anti-theft programs) increased.
Comparing the average distribution of expenditures for two five-year periods, 1985-86 through 1989-90 with 1990-
91 through 1994-95, shows that marketing program’ s share decreased from an annual average of 78.5 percent to 72.2
percent and administration’ s share decreased from 10.5 to 9.5 percent. At the same time the share for industry
programs increased from 11.0 to 18.3 percent.
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Specific marketing efforts conducted on behalf of California avocado producers have taken a
variety of forms. For instance, in their annual reports the California Avocado Commission breaks
total marketing expenditures into the following seven categories. consumer advertising, consumer
promotion, trade advertising, foodservice, public relations, international promotion, and processed
products. Figure 14 shows the relative allocation of marketing funds by four major categories
(consumer advertising, consumer promotion, trade advertising, and all other) from 1986 through
1995. Overall, consumer advertising received the greatest percentage of funds (averaging 41.4
percent for the period), followed by trade advertising (25.1 percent), other (24.2 percent), and
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Figure15. California Avocado Industry Annual
Advertising by Media Type, 1976-94

consumer promotion (9.3 percent). Y ear-to-year allocations varied somewhat but for the most part
remained fairly constant, especialy if consumer advertising and promotion are considered together.
Figure 15 illustrates the relative allocation of California avocado advertising dollars by mediatype
from 1976 through 1994 (1995 data were unavailable). The chart clearly shows magazine
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advertising dominating other mediatypes by a substantial amount, receiving on average 78 percent
of all advertising dollars for the given period. **  Moreover, magazines were the only advertising
media used prior to 1976. The chart suggests that program administrators experimented with other
media, varying fund allocation among television, newspapers, outdoor displays, and radio from year
to year. However, in most years media other than magazines accounted for only small portions of
the advertising effort; a notable exception is the television campaign of 1987 which accounted for
over 75 percent of advertising funds that year.

While the effectiveness of generic avocado marketing efforts may depend on the specific
program implemented, a thorough analysis of the issue requires more detailed data than that
considered here. Figures 14 and 15 imply that there are not enough disaggregated annual
observationsto isolate the effects of different types of marketing expenditures. Hence, in this report
we examine the effects of all marketing expenditures together and refer to them simply as
“advertising” or “advertising and promotion”.

An Econometric Model of Annual Avocado Demand

In this section we formalize the basic concepts discussed above by developing and testing an
econometric model of annual avocado demand. The complete set of data used to model the demand
relationship is given in Appendix Table 6. As shown, the variables consist of 34 annual
observations from 1962 through 1995 corresponding to the factors described above.

Mode! Specification

Specification of the empirical demand model must be based on theory, data availability, and
statistical feasibility. Given these considerations, the annual demand for avocados was assumed to
be represented by the following general function:

Pct = f(Qct, Qft, Qm, Y, At) (7)

3 |nformation on advertising expenditures by media type was obtained from an independent marketing research firm
(LNA-Mediawatch). Also note that these data are based on a calendar year, while data reported by California
marketing order and commission program administrators are based on a California crop year (November through
October).
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where for a specific year t, Pc; isthe farm-gate price of Californiaavocados, Qg is total sales of
California avocados, Qf; istotal sales of Florida avocados, Qm istotal avocado imports, Yt is

disposable income, and At is advertising expenditures. Precise definitions and descriptive statistics

for each variable are given in Table 5. We follow the accepted practice of assuming demand is

Table5. Definitions of Variables Used in Annual Demand M odel

Variable Definition Units Mean Value St Dev
Pct average annual producer price of Californiaavocados deflated by  real cents 51.286 24.834
the consumer priceindex for all items (1982-84=100) per pound
Qg per capita sales of California avocados during the marketing  pounds 1.0120 0.5888
year per capita
Qft per capita sales of Florida avocados during the marketing year pounds 0.1862 0.0705
per capita
Qmy per capitaimports of avocados during the marketing year pounds 0.0327 0.0484
per capita
Yi U.S. per capita disposable income deflated by the consumer  thousands of 10.457 1.7392
priceindex for al items (1982-84=100) real dollars
At annual avocado advertising expenditures deflaed by the  millions of 3.7405 1.7655
consumer priceindex for all items (1982-84=100) rea dollars

Notes: variables consist of 33 annual observations, 1962-94, based on a California crop year with timing
adjustments as per discussion in text; data sources given in Appendix Table 6.

homogeneous of degree zero in money income and prices; hence, al dollar-denominated variables
are expressed in real terms using the consumer price index as adeflator.* In addition, the quantity
variables and income are given in per capita terms to account for the effect of population on
demand. The advertising variable is expressed in real terms but is not adjusted for population

growth.”®

4 Demand is assumed to be homogeneous of degree zero in money income and prices. We convert advertising
expenditures into real terms using the same deflator. While thisis common practice, it is not ideal. We would
prefer to deflate the A; variable with an index of the price of advertising, if one were available, so asto obtain a

measure of the quantity of advertising.

® Theoretically the advertising variable should not be adjusted for population if it is more like a type of “public
good” than a“private good.” A good iscalled a public good if (1) certain people cannot be excluded from consuming
it (nonexcludable) and (2) one person’s consumption does not diminish that available to others (nonrival).
Advertising conducted through mass media clearly has features of a public good. On the other hand, advertising has
features of a private good when its cost depends on the number of customers reached. We decided the advertising
efforts of the California avocado industry have been more like a public good than a private good from the point of
view of consumers. However, the demand model was also estimated with the At variable defined in per capitaterms
and it had little effect on the results. (The authors thank Julian Alston for bringing the private-good versus public-
good point to our attention.)
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In many market models, prices and quantities traded are determined jointly through the
simultaneous interaction of supply and demand functions. In this case, quantity is said to be an
endogenous variable, meaning that it does not contribute to the explanation of the price leve
independently but rather is something to be explained together with price by the economic model. If
an endogenous variable appears on the right-hand side of a regression equation, special estimation
techniques must be used to account for the fact that it is not an independent explanatory factor. In
the case of annual avocado demand, however, we assume that current-period Californiaand Florida
guantities are determined by prior-period production decisions and events independent of the
current-period price. Thus, they are predetermined, rather than endogenous, variables.

On the other hand, the quantity of imports may well depend on the current-period price. Itis
reasonabl e to suppose that while foreign production is predetermined, alarger share enters the
country when the domestic price is high and, hence, that Qm; is endogenous. Nevertheless, it is
possible that the statistical consequences of treating a theoretically endogenous variable asif it were
an independent explanatory factor (exogenous) are negligible. Because the quantity of importsis
very small relative to domestic avocado production, our strategy isto regard it as an exogenous
variable and then perform tests to ascertain whether this simplification islikely to have important
effects on the results.

Finally, since the funds available for advertising are based on producer revenue, and since
producer revenue depends on price, the At variable might also be endogenous. This did not appear
to be aproblem in the present analysis. Asalluded to above, our investigation found advertising
expenditures to bear some relationship to the previous year’ s revenues, but very little to the current
year' srevenues—i.e., At was associated with Pci.1 rather than Pc;. In addition, the statistical
relationship between advertising expenditures and producer revenues was diluted by circumstances:
the avocado industry varied the percentage checkoff over time, the proportion of the total
assessment used for advertising varied by year, and there was carryover of funds from year to year.
Thus, we assume that the advertising can be treated as an exogenous or predetermined explanatory

factor.
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The annual demand model therefore assumes that price is not jointly determined with any of
the explanatory variables, in the same period, and that simultaneous equations methods are not
needed in estimation. Statistical tests of this assumption are discussed below.

Data |ssues

A potentially serious problem has to do with the compatibility of the various seriesin the data
set. California price, quantity, and advertising data are reported on a California crop year basis
(November through October); Florida price and quantity information is reported on a Florida crop
year basis (April through March); the import data are reported on varying annual bases (see the
footnotes for Appendix Table 6); and the CPI, income, and population data are reported on a
calendar year basis. Since the demand relationship is defined for a particular time period, these
timing mismatches imply an error in model specification. To deal with this complication we first
specify that the California crop year is the standard to which the other data should be matched.
Since the CPI, income, and population series change rather smoothly from year to year and coincide
with the California crop year except for two months, they are assumed to be acceptably matched
with the corresponding year ending each California season. Thus, the Florida and import data
appear to pose the main difficulties.

Shipments of Florida avocados by month were available for the 1984-85 through 1993-94 crop
years. Using thisinformation it was found that, on average, 38 percent of Florida shipmentsin a
given Florida crop year coincided with the corresponding California crop year. For example,
approximately 61 percent of Florida s 1984-85 shipments occurred between April 1 and October
31, 1984, while 39 percent occurred between November 1, 1984, and March 31, 1985—therefore,
61 percent coincided with California's 1983-84 crop year while 39 percent coincided with
California s 1984-85 season.

Since the break-down for Florida shipments is not known for seasons prior to 1984-85, three
separate Florida quantity variables were considered in the analysis. The first Florida quantity
variable matches California and Florida observations according to the stated year; e.g., the Florida

1994-95 datais matched with California 1994-95 data. The second Florida quantity variable
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matches each Florida observation with the stated prior-year California observation; eg., Florida
1994-95 data is matched with California 1993-94 data. For athird option we constructed a new
Florida quantity variable by attempting to divide each observation on Florida production into some
that belongs with the current and a remainder that belongs with the prior California crop year. This
can be done precisely for those years in which monthly data are available (1984-85 through 1993-
94). For other years the percentage of each Florida observation belonging with the corresponding
California observation was estimated by averaging the observed percentages in the 1984-85 through
1993-94 period; thus, 38 percent of each Florida observation was assumed to match with the
corresponding California crop year, while the remainder was assumed to match with the prior
Californiacrop year. Note that one observation islost with the second and third options.

All three Florida quantity variables were used in the econometric model development.
Surprisingly, the main conclusions did not change when different Florida quantity variables were
used. Econometric results presented below are based on the second option (each Florida
observation is matched with the stated prior-year California observation). It isimportant to note that
each of the Florida quantity variables suffers from the errors-in-variables problem, which can have
potentialy serious implications for reliable econometric estimation. A test for the satistical
importance of this difficulty is described below.

The compatibility problem is not as significant for import data because: (1) much of the import
datais more closely aligned with the California crop year, and (2) imports were a small portion of
total supply in those years in which the reporting year did not line up closely with the California
crop year (i.e., prior to 1977). Nevertheless, minor realignments were made in the import series
using monthly data from 1988 through 1995 and a method similar to that described above for
Florida quantities. The adjusted annual import seriesis believed to coincide with California crop
years exactly for the 1989-95 period, very closely for the 1977-88 period, and closely enough for

practical purposes prior to 1977. It was therefore assumed to be an acceptable variable.
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Mode Estimation and Testing

To estimate the annual demand modd, a functional form that characterizes the genera
relationship described above must be specified. Since choice of functional form can have important
impacts on the results (e.g., Alston and Chalfant, 1991), we began by following Carman and Green
(1993) in specifying an extended Box-Cox model—which implies a quite general functional form.

Thus, the empirical demand mode! initially assumed is given by

Pc” =bo + b1Qc" + boQf" + baQmy” + baY{™ + bsA{" + & (8)

where for each variable X;, X¢* symbolizes the Box-Cox transformation defined as (X! -1)/1 if | 2
OandInX;if | =0. The g termisassumed to be a normally distributed random error with zero
mean and constant variance (& ~ N(0, s2)). Note that the Box-Cox model encompasses the two
most common specifications used in empirical analysis: | =1 impliesalinear functional form and
| =0impliesalog-linear functional form.

Using annual data for the crop years ending in 1962 through 1994, the parameters of the
assumed modé, b; (i =0to 5) and| , were estimated ssmultaneously with a procedure based on a

statistical goodness-of-fit criterion (maximum likelihood), yielding the following resullts:

Pct” =-15.68 - 5.61Qc;" + 0.80Qf;" - 2.000m;" +5.38Y{" + 0.37A{" + & (9)
(-2.79) (-18.75) (1.38) (-2.08) (6.04) (1.65)
[-1.21] [0.09] [-0.11] [2.89] [0.13]

| =039, R2=0.94, D.W.=1.45

where numbers in parentheses are t-statistics and the numbers in brackets are the price flexibilities
of demand with respect to the corresponding variables, evaluated at the data means.

The estimated coefficients in Box-Cox models are of little interest since they apply to the
transformed rather than the original variables. We therefore report the estimated price flexibilities

of demand defined as the percentage change in price resulting from a one percent changein agiven
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explanatory factor.’® For example, the estimated model implies that a one percent increase in
advertising expenditures will result in an approximately 0.13 percent increase in the price of
Californiaavocados, at average levels of price and advertising in the sample data.

The coefficients on Qct, Qm, and Y have the expected signs and are statistically significant at
the 95 percent confidence level (or better). The coefficient on Qft has the “wrong” sign—it was
expected to be negative—but is not statistically significant. The coefficient on At has the expected
sign but is not statistically significant.

The R? statistic implies that the estimated equation generally fits the datawell. However, the
D.W. (Durbin-Watson) statistic suggests that the error term may be autocorrelated; if so, it does
not satisfy the assumptions under which the equation was estimated and, hence, thereis a problem
with themodel. Sincethe value of the D.W. statistic isin the inconclusive range, a second test was
performed which gave strong evidence that the regression errors do exhibit a high degree of
autocorrelation (Savin and White, 1978)." Seemingly autocorrelated errors can be the result of
model misspecification (incorrect functional form or omitted explanatory variables) or the errors
may actually follow an autoregressive process. The former calls the entire model into question
while the latter makes the conventionally calculated t-datistics invalid. Thus, aremedy was sought.

Examination of aternative functional forms found that a variation on the originally estimated
Box-Cox model performed well. Rather than all variables being transformed by the | parameter as
in the first regression (called the extended Box-Cox model), the alternative model transforms only

the dependent variable (called the classical Box-Cox model).® The results from estimating the

!¢ For the general Box-Cox model, it can be shown that the price flexibility of demand with respect to one of the
explanatory variables, say X, is given by
X X
hX = bX ;I_
where | isthe estimated Box-Cox parameter for the dependent variable (y) and |  is the estimated Box-Cox
parameter associated with explanatory variable x.

7 Following Savin and White (1978) the joint hypothesis of | unrestricted and r = O (the first-order autocorrelation
coefficient) was tested against the alternative of | and r both unrestricted yieldingr = 0.84 and c2 = 19.13.

18 Note that the classical Box-Cox model is not nested by the extended Box-Cox; hence, choosing between the two
cannot be accomplished with straightforward tests on restrictions. Due to computationa difficulties, we were unable
to estimate the Box-Tidwell model, where every variable may have an unique transformation parameter and which
therefore encompasses both Box-Cox models described here.
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classical Box-Cox modd were:

PCt* =191- O.53QCt + 0.14th - 1.23th + 0.11Yt + 0.01At +& (10)
(1837) (-20.22)  (0.70)  (-2.96) (751) (153
[-1.33] [006] [-0.10] [277]  [0.13]

| =-0.23, R2=0.95, D.W.=211,

where, as before, numbers in parentheses are t-statistics and the numbers in brackets are the price
flexibilities of demand with respect to the corresponding variables, evaluated at the data means.

Thefirst thing to note about these results is that the estimated flexibilities and t-statistics are
very close to those estimated with the extended Box-Cox model; thus, our conclusions about both
the economic and statistical significance of each explanatory variable are essentidly the same.
Moreover, the R? statistic indicates that the classical Box-Cox fits the data to basically the same
degree as the extended model. In a statistical sense, the key difference between the two modelsis
that autocorrelation does not seem to be a problem with the classical Box-Cox. The D.W. statistic
implies that the errors are not autocorrelated and the test of Savin and White (1978) confirmed this
finding.”® These results suggest that incorrect functional form was the cause of autocorrelation in
the extended Box-Cox regression, that the classical Box-Cox corrects the problem, and therefore
that the latter is a better mode!.

There isapossible difficulty with this conclusion however (which is the reason why we report
both models). Contrary to the extended Box-Cox model, the estimated classical Box-Cox function
implies that price increases at an increasing rate as the explanatory variables increase. Thus, asthe
level of advertising rises, each unit increase resultsin a greater change in price than did previous
unit increases. Clearly, this functional form cannot prevail for all levels of advertising. Economic
theory and common sense prescribe that there must be diminishing marginal returns to advertising

after some point and, moreover, that the optimal level of advertising isin the range of diminishing

® The joint hypothesis of | unrestricted and r = 0 was tested against the alternative of | and r both unrestricted
yieldingr =-0.33and c2 = 1.04.



returns. If one assumes that the avocado industry isin equilibrium and behaving rationally, the
extended Box-Cox regression model which exhibits decreasing returns would be preferred. Itis
quite possible, however, that the CAC has been operating in the area of increasing returns because
of previously limited information on the impact of its advertising on avocado prices. In other
words, it may be extremely difficult for acommodity organization such as the CAC to determine the
nature of returnsto advertising without detailed empirical analysis.

A common hypothesis in the marketing research literature is that market response to
advertising is S-shaped (e.g. Little, 1979; Lilien, et a., 1992). The concept isillustrated by the
hypothetical market response function in Figure 16. Initialy the market responds (e.g., price
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Figure16. Hypothetical Market Responseto Advertising

changes) slowly to advertising as low levels are applied. For levels of advertising below 50 units,
the market responds at an increasing rate; for levels of advertising above 50 units, the market
responds at a decreasing rate. By 100 units, advertising has reached a saturation point at which
more effort has negligible effects. Thus, the theory asserts that price can exhibit both increasing
and decreasing margina returns over different ranges of advertising.

Considering our egtimation results from this perspective suggests the possibility that

advertising efforts in the California avocado industry over the 1962-94 time period werein the
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range of increasing returns (i.e., corresponding to advertising levels below 50 in Figure 16). If this
isthe case, then the appropriate model is the classicad Box-Cox. However, while it may be
appropriate for past levels of advertising, it would not be applicable for higher and higher levels of
advertising. Inaddition, if it is believed that observed advertising expenditures are at or near optimal
levels, then aregression model exhibiting constant or increasing returns is not satisfactory since the
optimal advertising level must bein the region of diminishing returns.®

Further Tests of the Classical Box-Cox Regression Model

A number of statistical tests were performed to further examine the adequacy of the classical
Box-Cox regression model. We report those results here without going into much detail. Note that
all tests are conditional on the estimated mode.

First, recal from previous discussion that there was some concern about the statistical
consequences of Qmt and At being, possibly, endogenous factors. A closely related issue is
whether the measurement error know to exist in the Qf variable has important implications for the
results. These questions were examined by means of the Hausman test (see Kmenta, 1986, pp.
365-66 and 717-18). A series of such tests were performed using aternatively constructed
instrumental variables. In all cases, the results strongly supported our assumption that Qmy and At
can be treated as effectively exogenous factors. On the other hand, the results of testing for the
seriousness of measurement error in Qfy (Florida avocado sales) were mixed. Since nothing more
can be done to improve the Qf; variable at this time, we simply acknowledge the fact that

measurement error may be a problem.

% Because of our particular interest in the effects of advertising, athird model was estimated which allowed both the
dependent variable and the advertising variable to each have unique Box-Cox parameters, while all other variables
were restricted to be untransformed (for computational feasibility). Many of the key results were quite similar to the
other two models (model-fit statistics, precision of the parameter estimates, values of estimated elasticities at the data
means, etc.). However, the estimated Box-Cox parameter associated with the advertising variable was very large
(I A » 31) implying an extremely convex functional form. We rejected the model because of the implausible
implications of its extreme shape. Nevertheless it is worth noting that there is evidence to suggest that the price
function should possibly be more convex with respect to advertising (i.e., exhibit greater increasing marginal
returns) than our current model indicates. Allowing for this increases the statistical significance of the advertising
variable (i.e., yields larger t statistics on Ay). In addition, it implies that advertising had generally less economic

significance at historical levels (i.e., lower price flexibilities at most observed data points), but would have greater
economic significance at higher levels.
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A condition of the error term called heteroskedasticity is similar in nature and consequences to
autocorrelation. Its presence means that the regression error does not have a constant variance
across the range of the dependent variable.  Heteroskedasticity can be caused by model
misspecification or it can be a characteristic of the true data generating process. In either case,
corrective measures are necessary. Our econometrics program generates a number of test statistics
for heteroskedadticity (e.g., the Goldfeld-Quandt test, the Breusch-Pagan test, Harvey tests, etc.; see
any econometrics textbook for a description). All were considered and none suggested a problem
with heteroskedadticity.

Along with the specification tests implicitly conducted through examination of the error term,
the RESET method was used to test the hypothesis that no relevant explanatory variables were
omitted from the regression equation (Kmenta, 1986, pp. 452-54). The hypothesis was accepted.

It isimportant to consider that the economic processes generating observed data may change
fundamentally at certain pointsintime (i.e., structural change). For example, over the time period
covered by the analysis, structural changes may have occurred in the effect of advertising due to
such things as advertising media used, the nature of advertising copy, competitive conditions, and
consumer response. For empiricd modeling, structural change implies that the appropriate
regression coefficients, and possibly even functional form, may be different for different time
periods. A time-varying parameters model, such as employed by Ward and Myers (1979), can be
used to test for the effect of such changes. However, there was no “event” in the avocado industry
that pointed to a specific point of potential change. A general test (i.e., a sequential Chow test)
suggested the possibility of structural change at or around 1974-75. However, attempts to model
the phenomenon using standard approaches produced inconclusive results.

Finally, we note that it is reasonable to assume that the impacts of advertising extend over some
period of time and, hence, that this dynamic response should be accounted for in the regression
model. However, determination of the nature and duration of the lagged effect is difficult. Nerlove
and Waugh (1961) used an average of advertising expenditures over the ten years preceding year t

in their study of orange advertising. More recent research indicates that the carryover effect is
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probably much shorter than ten years, and may, in fact, be less than one year. Clarke (1976)
concluded that “90 percent of the cumulative effect of advertising on sales of mature, frequently
purchased, low-priced products occurs within 3 to 9 months of the advertisement.” Reynolds,
McFaul and Goddard (1991) investigated lagged advertising effects of up to six quarters for
Canadian butter and cheese. They found optimum lag orders, determined by minimizing Akaike's
Final Prediction Error, of five quarters for cheese and one quarter for butter. Other authors have
specified comparatively short lag structures. Kinnucan and Forker (1986) specified a Pascal
distribution for a “goodwill” variable to capture the impact of current and past advertising
expenditures and assumed that advertisng expenditures contributed to goodwill for only six
months. Ward and Dixon (1989) specified atwelve month, second-degree polynomial lag model
on advertising with both ends of the lag structure constrained to zero. Since the estimated model
utilized annual data, one would expect little carryover of advertising effects from one year to the
next. Aspartia verification, amodel including lagged effects of advertising was estimated. The
estimated coefficients for one and two year lags were not statistically different from zero and, thus,
variables for lagged effects of advertising were not included in the final model estimated. We do,
however, expect to find lagged effects from advertising expenditures when moving to a monthly
period of analysis.
Conclusions

While there are some theoretical concerns about the implications of increasing returns to
advertising, the classical Box-Cox regression isour preferred model. In most respects the model is
statistically sound and logically consistent. We therefore use the results from the classical Box-
Cox regression model to draw inferences about the annual demand for California avocados during
the period from 1962 through 1995.

As expected, the model indicates that the quantity of avocados offered on the market is an
important explanatory factor, having a precise, negative impact on price. The estimated price
flexibility of demand of -1.33 (at the data means) indicates that the price elasticity of demand is

approximately -0.75, implying avocado demand isinelastic as predicted.
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We expected Florida avocados to be competitive with California avocados, with increased sales
of Florida avocados having a negative impact on the price of Californiaavocados. The coefficient
on the quantity of Florida avocados, however, has a positive sign, but is not statistically different
from zero. There are at least two possible explanations for this outcome. First, it might be the
result of the data inconsistencies previously discussed in some detail. Second, it may be that the
timing of Florida shipments makes them sometimes competitive and sometimes complementary
with California avocados within the same year. For instance, if Florida avocados tend to be in
greater supply when California avocados are in relatively low supply, their availability may help
keep consumers in the habit of purchasing avocados and hence have a complementary effect on
Californiademand. More detailed data are needed to resolve thisissue.

Imports were found to have a statistically significant negative impact on California avocado
prices. This indicates that foreign avocados compete directly with California avocados for
consumer dollars. Disposable income was found to have avery large and significantly positive
impact on avocado prices, indicating that avocados are anormal good.

Finally, the classical Box-Cox regression model indicates that advertising has had a positive
impact on California avocado prices. While the value of the t-statistic for the estimated advertising
coefficient is relatively close to the critica vaue, it is not satistically significant at the usual
confidence levels (95 percent or better). This result does not lead to the conclusion that advertising
isineffective. Rather, it implies that, with the available annual data and assumed mode, our
estimates are not precise enough to conclude with 95 percent certainty that the advertising
coefficient can not in fact equal zero. We strongly believe that improved data will increase the
precision of our estimates of the effects of advertising.

Because of the data limitations noted above, a significant effort was made to obtain monthly
data on each of the variables examined in the annual model of demand. We were successful in
obtaining a complete set of monthly observations for the most recent nine years (November 1986
through October 1995). In the next section we specify a monthly demand model for California

avocados and use these data to derive estimates of the model parameters. This will provide
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confirmation of the annual results and it should also improve the precision of some of our estimated
coefficients.”
An Econometric Model of Monthly Avocado Demand

A complete monthly data series for California avocado sdes, prices, and advertisng/
promotion expenditures was assembled for the nine-year period 1986-87 through 1994-95. When
combined with data on consumer income, quantities of Florida and imported avocados, prices of
possibly related goods, and brand advertising, these data can be used to estimate a monthly version
of the previoudly estimated annual demand model for California avocados.

A monthly analysis of the demand for California avocados, with emphasis on the impact of
generic advertising and promotion, offers a number of potential advantages over the just-completed
annual analysis of demand. First, there should be a definite improvement in the quality of the data
and in the precision of the econometric estimates. The monthly data will be for a shorter time
period when data collection procedures were improved, they will be much more consistent in terms
of classification and measurement, and they will provide an increased number of observations.
Second, monthly data will permit more detailed analysis of issues such as the response to various
types of marketing expenditures, and the carryover effects of avocado advertising and promotion.
Third, monthly data will facilitate matching variables such as sales from different production areas,
that did not match exactly with differing crop and marketing years. In the annual analyss, it
appeared that important relationships related to seasonality of supply by production area, possible
seasonal demand, and varietal differences were masked by the annual data. There are, however,
possible disadvantages to moving to a shorter time period. The most obviousis that a reduced
range of variation for the independent variables, such as consumer income or prices, may reduce the

statistical significance of some estimated coefficients.

2 We alluded to possible problems with the data series on marketing expenditures. These problems include the
changing composition and categories of expendituresincluded over time. For example, administration and marketing
research are necessary expenditures, but neither are expected to directly affect demand. The relative importance of
these and other similar categories of expenditures change over time, with the result being an advertising variable
whose measurement is subject to possibly large unexplained variability.
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Seasonal Sales and Prices

Seasonal patterns of avocado production and salesin California and other areas,
combined with possible seasonal changes in demand, result in changing prices over the marketing
year. Recent seasonal patterns of California avocado sales and prices are shown by the indexesin

Figure 17. Anindex of 1.0 isthe monthly average for the 1987 through 1995 calendar years.?

Figure 17. Seasonal Index of California Avocado Sales and
Average Price, 1986-1995.
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As shown, average monthly sales tend to be at or above average for the first eight months of the
year (January through August), with peak sales usually occurring in May, and below average for the
last four months, with the lowest average monthly salesin November. The general, although not

perfect, inverse relationship between sales and prices are evident in Figure 17. The lowest average

2 Theindex of seasonal sales of California avocados for the nine-year period 1987 through 1995 was cal cul ated by
(1) computing monthly sales for each calendar year, (2) dividing monthly sales by average sales for each calendar year
to derive an index of monthly sales for that year, and (3) summing the indexes over the nine-year period and dividing
by nine to derive an average monthly index. The seasonal price index was developed using the same steps.
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prices typically occur in May, when sales are highest, and the highest average pricestend to bein
October, when sales are low, but a month before they are the lowest. Note that the decreasing prices
with decreasing sales between October and November are associated with a change in the varietal
composition of sales. Sales of the Hass variety, which fetches the highest average prices, reach a
seasonal low in November just as the sales of the other green skin varieties, which peak in
December, areincreasing. As noted earlier, the Hass variety now accounts for over 80 percent of
California avocado production. Seasonally, the Hass priceis highest in November when sales are
lowest, and it tends to be lowest in May, when sales are at their seasonal peak. The inverse
relationship between seasonal sales and the price of al other varietiesis also evident. Their average
price islowest in December when sales tend to be highest. We hypothesize that thereis also
seasonal variation in the demand for avocados. It is important to incorporate these seasonal
movements in the estimated demand rel ationship for avocados.
Monthly Demand M odel Specification

The specification of amonthly demand model for avocadosis similar to the specification of
annual demand, but with minor modifications required to account for time-related differences and
more detailed data. Thus, we begin by specifying the general monthly demand rel ationship:

Pet = f(Qct, Qft, Qmt, At, BAt,Yt, Prt, Dt Tt) (11)
where for a specific month t, Pct represents the average f.0.b. price of Californiaavocados, Qg is
the corresponding per capita sales of California avocados, Qft is per capita sales of Florida
avocados, Qmy is per capita avocado imports, At is advertising expenditures by the Caifornia
Avocado Commission, BAt is brand advertising expenditures by California avocado packers, Yt is
per capita disposable income, and Pyt represents prices of related goods. The variable Dt, which
was not present in the annual model, represents arow vector of monthly dummy variables, which
allows the intercept of the inverse demand function to vary by month? These monthly shift
variables account for seasona differences in demand not captured by the other explanatory

variables, including such things as shifts in demand related to temperature or the availability of

% Monthly dummy variables equal oneif the observation is for the designated month and zero otherwise.
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related goods, differencesin the number of daysin some months, and possible changes in quality
over theseason. A timetrend variable, Tt, was included to account for changing demand over time
not captured by the other shift variables.

Asin the annual analysis, al dollar-denominated variables are expressed in real terms using
the consumer price index as adeflator. 1n addition, the quantity variables and income are given in
per capitaterms to account for the effect of population on demand. The advertising variableis
expressed in real terms but is not adjusted for population growth.

Data Series

Table 6 defines and describes the key variables available to estimate equation (11). The core

data set consists of nine crop years of monthly observations (108 total observations), beginning

November, 1986 and extending through October, 1995. A listing of most of the data

Table6. Definitions of Variables Used in Monthly Demand M odel

Variable Definition Units MeanValue St Dev

Pc monthly average FOB price for al California avocados, real cents 63.81 28.36
deflated by the consumer priceindex (1982-84=100) per pound

Qc monthly shipments of all California avocados, pounds 0.0989  0.0435
divided by US population for the period per capita

Qf monthly shipments of all Florida avocados, pounds 0.0139  0.0146
divided by US population during the period per capita

Qm monthly shipments of al imported avocados, pounds 0.0089  0.0159
divided by US population during the period per capita

MA amoving average of monthly CAC expenditures millions of 0.3112  0.1795
for advertising and promotion, deflated by the rea dollars
consumer priceindex (1982-84=100)

Y US per capita disposable income, deflated by the thousandsof  12.729  0.2921
consumer priceindex for al items (1982-84=100) rea dollars

T Monthly time trend variable that has a value of month

one for November 1986 and 108 for October 1995

Notes: the core data set consists of 9 years of monthly observations beginning November, 1986 and extending through
October, 1995 (108 total observations).

53



utilized for the monthly analysis isincluded as Appendix Tables 7 through 9. As shown in
Appendix Table 9, price indexes for goods thought to be related to avocados were available.
However, initial investigation and subsequent testing, showed these price indexes had little or no
explanatory power in the avocado demand relationship; therefore, variables represented by Prt were
dropped from the model. Initial investigation and testing of the brand advertising variableBAt also

revealed that it added no explanatory power in the avocado demand relationship and it was deleted

fromthe modd. Thetimetrend variable, Tt, was deleted for the same reason.

The Advertisng Variable

Marketing expenditures by the California Avocado Commission were available by seven
categories for the period November 1985 through October 1995. The categories and their shares of
total expenditures are: consumer advertising, (41.6%); consumer promotion, (9.6%); trade
advertising and promotion, (24.8%); foodservice, (11.8%); public relations, (6.7%); international
promotion, (4.2%); and processed products, (1.3%).” Attempts to isolate the separate effects of
the seven different types of expenditures yielded disappointing results. Initial analysis using all
seven categories yielded statistically insignificant coefficients for several categories. Thisled usto
group the seven categories into various sub-categories for further analysis. While the estimated
coefficients for consumer advertising and consumer promotion were always positive and generally
statistically significant at high confidence levels, the estimated coefficients for the other categories
were not. In fact, the variation in signs and magnitudes of the estimated coefficients from
formulation-to-formulation indicated the possible presence of statistical problems with the separate
categories® Given the overall objectives of this study and our lack of confidence in estimates for
separate categories of marketing expenditures, we aggregated the seven categories into a single

variable for advertising and promotion.

2 Confidential data on monthly CAC marketing expenditures by category are available directly from the
Commission.

% These percentages differ slightly from those noted with Figure 14 due to an additional year's data.

% Some possible problems include multicollinearity, errorsin classifying expenditures, and differing lag structures
for the separate categories.



It is reasonable to expect the effects of advertising and promotion to extend over several
weeks or months and this dynamic response should be included in the regression model. The
challenge is to determine the relevant duration and the nature of these lagged effects. We expect the
carryover effect of avocado advertising to be less than 12 months, given other research results.”
Because the precise nature and duration of the lagged effect is difficult to determine, our strategy
wasto do initial model estimation and testing with a ssmple, moving-average lag structure and then
expand the analysis of lagged advertising effects after developing abasic model. To that end, a
number of moving average processes were considered. Of the alternatives, a three-month moving
average, defined as.

MA3t= (A, +A_,+AL)3
appeared to perform well. Moreover, the lag length implied by MAS3t is consistent with related prior
work (e.g., Kinnucan and Forker, 1986; Alston, Chalfant, Christian, Meng and Piggott, 1996). This
lag structure was therefore used to represent advertising effectsin our initial model development
and testing. The appropriate lag structure is an empirical problem. Thus, after determining the
variablesto include in the final monthly price equation, we investigated a variety of polynomial lag
structures of up to 8 months as areplacement for MA3.

Mode Estimation and Testing

In the annual model, we argued that crop-year-total avocado quantities were predetermined
by prior-period production decisions and events, such as weather, that were independent of the
current-period price. Thus, single-equation estimation methods were appropriate. For the monthly
analysis, however, it is more likely that prices and sales are determined smultaneously, since
producers may be able to exercise some month-to-month control over harvest and shipment timing,
depending on prices. If thisisthe case, a smultaneous equation system technique, accounting for a
market process in which prices and quantities are determined jointly through the simultaneous

interaction of supply and demand functions, is required for estimation of monthly demand.

" These studies by Clarke (1976), Reynolds, McFaul and Goddard (1991), Kinnucan and Forker (1986), and Ward
and Dixon (1989) were reviewed earlier. Recall that the annual analysis of avocado demand examined possible
advertising lag effects of one and two years, but found that neither was statistically significant.
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Simultaneity of Supply and Demand

The hypothesis that avocado quantities are exogenous in equation (1) was examined by
means of the Hausman test. To conduct the test, a set of instrumental variables was identified and
assembled, consisting of the following:#? (1) al of the assumed exogenous variables in the demand
equation, including the monthly dummy variables; (2) variables indicating the total quantities of
California and Florida avocados produced in the (respective) crop year corresponding to each
monthly observation;® and (3) lagged values of all endogenous and exogenous variables. The
number of potential instrumental variables identified is quite large, since lags of different lengths
might be considered. The set was narrowed by regressing each quantity variable on a number of
potential instruments, and selecting those with the greatest explanatory power. (In genera, alinear
combination of good instrumental variables should be highly correlated with the possible
endogenous factors.)

Using different numbers and combinations of instruments, and different functional forms
for f()), the Hausman test clearly rejected the hypothesis that Qc is exogenous. This result suggests
that California avocado growers do respond to price in the timing of their harvests and shipments,
and the effects show up in data reported on a monthly basis. The results of Hausman tests were
somewhat ambiguous concerning the quantity variablesfor Florida and imports (Qf and Qm),
depending on the test specification. Nevertheless, the majority of the tests rejected exogeniety of
both Qf and Qm and we therefore conclude that all quantity variables should be treated as
endogenous.

Statistical Diagnostics and Tests

The presence of endogenous explanatory variables, which requires the use of simultaneous
estimation techniques, substantially complicates the analysis. For instance, their presence means
that it is not possible to obtain completely unbiased estimates of equation (11). It isimportant to

note that the techniques used to estimate and test the model yield approximate results for finite

2 |n brief, instrumental variables are variables that are known (or believed) to be exogenous, yet are correlated with
the potentially endogenous variables (see, for example, Kennedy, 1992, pp. 136, 159 and 169).

» These are valid instrumental variables since crop-year-total quantities are assumed to be predetermined.
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sample sizes, with the accuracy of the approximation increasing with the size of the sample.
Therefore, our strategy was to estimate equation (11) in a number of different ways and report those
results that appear plausible. We are fortunate that having monthly data provides arelatively large
sample.

Equation (11) was edtimated with an instrumenta variables (IV) method, which gives
consistent (i.e., tending toward the true value as the sample size gets larger) parameter estimates.
Because functional form tests, such as the Box-Cox described in the annual analysis, are difficult to
implement with an 1V estimation method, we considered four distinct functional forms. (a) linear,
(b) log-linear, (c) semi-log (i.e., only the dependent variable transformed), and (d) a Box-Cox
transformation of the dependent variable, using| =-0.23, as estimated for the annual mode!.

An important consideration with the IV estimation method concerns the number and set of
instrumentsto use. In general, the set of instruments chosen defines a tradeoff between (finite-
sample) bias and efficiency --- alarger number of instruments yields more efficient estimates (i.e.,
estimates with a smaller variance), but also yields estimates that are more biased. In consideration
of this fact, all IV regressions and tests were performed with at least two different sets of
instruments, one with more instrumental variables and one with fewer, for comparison. A large
discrepancy between estimates from the two regressions would suggest that the model may have
poor finite-sample properties.

Theinitial 1V regression models were tested for serial correlation and heteroskedasticity
with the methods described in Davidson and MacKinnon (pp. 369-71 and 560-64, respectively).®
Results were as follows for each functional form considered:

(& Linear Modd!: no seria correlation

significant heteroskedasticity
(b) Log-linear Mode!: significant AR(1) errors
no heteroskedasticity

% Tests were performed for AR(1), AR(2), AR(3), and similar moving average, error processes.
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(c) Semi-log Moddl: no serid correlation
significant heteroskedasticity
(d) Box-Cox Model: no serid correlation
significant heteroskedasticity
Because each model tested positive for one problem or the other, final estimates were obtained with
a generalized method of moments technique, a variation on the IV method which is able to account
for the indicated problems with the error terms. In the case of heteroskedasticity, White's
heteroskedasti city-consistent covariance matrix estimator was used to correct for heteroskedasticity
(Davidson and MacKinnon, Chapter 17).

The models were initially estimated with three quantity variables, Qc, Qf and Qm. The
estimated coefficient for imports was always much larger than the coefficients for California and
Florida quantity. We then tested restrictions on the quantity variables using a method analogous to
the standard likelihood ratio test, as described by Newey and West (1987). The hypothesis, Ho:
Qc = Qf = Qm, was clearly rejected and the hypothesis, Ho: Qc = Qf, was not rejected. Based on
these tests, the final regressions were estimated with two quantity variables, Q = Qc + Qf and Qm.

Estimation Results

Inverse monthly demand equations were estimated using each of the specifications
discussed above. While the linear and semi-log specifications each provided reasonable parameter
values and correct signs, the linear model results were statistically superior. Results for the log-
linear model were clearly inadequate on at least two counts: first, anumber of estimated parameter
values were implausible, with theoretically incorrect signs; and second, the model was rejected by
the J-test of overidentifying restrictions, atest of general model specification for 1V regressions.®
The Box-Cox model results were very similar to those of the semi-log model.

Thefinal step in estimating the demand function was to determine the appropriate lag
structure for the advertising variable. The method used to select the lag structure and formulate the

advertising variable follows:

% The Jtest statistic is distributed as a Chi-squared, with degrees of freedom equal to the number of overidentifying
restrictions.
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1. The modd was estimated with every combination of polynomial lags of degrees 2, 3 and
4 for lags extending up to eight months. It was clear from the results that longer lags
were not appropriate.

2. For each estimated model, a single weighted-moving-average advertising variable was
congtructed, with the weights derived from the estimated coefficients (normalized to sum
to one).

3. Themode was then re-estimated using each of the moving average variables constructed
instep 2. The Jdatistic for each equation was used as the criterion for selecting the lag
length. The J-statistic is (1/n) times the optimal value of the criterion function that is
minimized to derive the GMM estimates. It istherefore analogous to SSE and can be
used to compare equations as long as everything is the same except for the weights used
to form the advertisng variable. For the equations estimated, the Jdtatistic was
minimized with a 2nd degree polynomial and alag length of five months. The weights

used to construct the advertising variable were as follows:

Month Lag MAS5 Weights

0 .0000
1 0274
2 2133
3 .2996
4 .2863
5 1734

Estimation Results

The estimated monthly inverse demand equation for California avocados using the above

weights for the advertising variable is reported in Table 7. The signs on the coefficients are as
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expected and most are statistically significant. Since our emphasisis on evaluation of the impact of

advertising and promotion, we are particularly interested in the estimated advertising coefficient.

Table7. Estimation Resultsfor Monthly California Avocado (I nverse) Demand
Model
Variable Coefficients
Q-CA+FL -872.17*
(-10.42)
Q-Imports -1,776.9*
(-5.16)
MA5 21.19*
(2.07)
Y 2.56
(0.28)
MD2 -17.65*
MD3 -6.51
MD4 -0.37
MD5 0.28
MD6 8.07
MD7 24.65*
MD8 30.99*
MD9 43.93*
MD10 61.77*
MD11 26.65*
MD12 6.45
Constant 122.51
JTest 0.78
(Overidentifying Restrictions) 3
Notes: Numbersin parentheses are asymptotic t ratios. To reduce notational clutter, t ratios are not shown|
for the coefficients associated with the dummy variables and the constant term—asterisks indicate those)
coefficients that are significant at the 5% level or better.

Note that the advertising coefficient is statistically significant at the 95% level.** The linear form of

the equation implies the existence of constant returns to advertising; an aternative formulation using

% An equation using a three-month lagged advertising variable was not selected because of a higher J-Test value
(1.03), but the coefficient on the advertising coefficient was significant at the 2% level.
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the square root of the advertising variable provided similar results but the estimated coefficient was
not significant at the 95% level. The estimated price flexibility of advertising at mean valuesis
0.137, avalue that is very close to the earlier annual estimate of 0.13. Thisresult verifies and
strengthens the results from the annual analysis of demand. We conclude that CAC advertising
expenditures have increased the demand (and prices) for California avocados.

Thereisastrong and statistically significant inverse relationship between monthly sales of
domestically produced avocados (California plus Florida) and the real f.o0.b. price of Caifornia
avocados. Imported avocados substitute for California avocados on a monthly basis, with increased
import sales having a negative impact on the price of Californiaavocados. Note that for equivalent
amounts, the impact of importsis about twice aslarge asis the impact of domestic avocados. The
estimated monthly price flexibilities evaluated at the data means are; California and Florida quantity,
-1.54; and imports, -0.25.* There is also a postive but satisticaly insignificantrelationship
between per capitaincome and the price of Californiaavocados. Thislack of significanceis not too
surprising given the short time period and the small variation inincome.

The monthly dummy variables isolate seasonal changes in demand (and prices) after
accounting for seasonal patterns of production, imports, and advertisng. All of the estimated
coefficients measure real price differences from the base of November (the first month of the
marketing year). Those coefficients that are significantly different than zero at the 95 percent
confidence level include December (MD2), and the five months from May through September
(MD7 through MD11). The pattern of monthly shiftsin demand isillustrated in Figure 18. As
shown, demand for California avocados is at the seasonal low in December. It then increases rather

smoothly to a seasonal high in August and then decreases to the end of the crop year.

% The comparable annual estimates from prior work were California quantity, -1.33; Florida quantity, 0.06; and
imports, -0.10.
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Figure 18. Monthly Shiftsin California Avocado Demand
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Analysis of Advertising Benefitsand Costs

There are several approaches available for measuring estimated benefits and costs of the California
avocado industry’s advertising programs given the demand and acreage response eguations
developed in thisstudy. Using either the annual or the monthly demand equations, one can develop
short-run (within year) estimates of the benefits of increased demand due to advertising. These
estimated annua or monthly benefits are then divided by actual annual or monthly coststo calculate
average benefit-cost ratios. A ratio greater than one indicates that total returns from advertising
were greater than the costs; the higher the ratio, the higher are the returns from advertising. A
positive benefit-cost ratio less than one indicates that advertising increased revenues but the increase
was less than the costs.

The short-run benefit-cost ratios based solely on estimated demand do not account for the
lagged supply response to short-run price improvements and thus, they tend to overstate the

benefits from an advertising program conducted over along period of time. We combine the

62



acreage response and annual demand equations to form a recursive model of supply response and
use this model to simulate annual total revenues over time both with and without the advertising
program. The differences in total crop revenues measure advertising benefits which are then
compared with annual program costs.

The short-run and longer-run benefit-cost ratios outlined above are averages of benefits and
costs. The marginal response of revenuesto additiona advertisng is also of interest since it
indicates whether the industry had over- or under-allocated funds to advertising. We will examine
margina benefit-cost ratios by increasing annual or monthly advertisng expenditures by one
percent and calculating the ratio of the change in benefits to the change in expenditures.

Analytica Model of Supply and Demand

The measurement of returns from advertising can be illustrated with the hypothetical supply
and demand relationships shown in Figure 19. The annual demand curve for avocados without
advertising is shown by the demand curve D. With an effective advertising program, the demand
curve D will increase (shift to theright) to D*. Since avocado supply is essentially fixed for a given
marketing year, as represented by the vertical supply curve S, average pricesincrease from P, to P, .
Increased revenues (and profits) will encourage producers to expand acreage and, after alag of
severa years, production. The lagged increase in production is shown by the outward shift of a
fixed annual supply from Sto S* . Because of significant delays between the time a decision to
expand production is made and actual output is available, higher prices to producers will persist
during the early years of the advertising program. Then, as new trees reach bearing age, expanded
production will shift the vertical supply curveto the right and prices will decreasefrom P, to P, , as
shown in the diagram. Asillustrated, total revenue with advertising (therectangleOP, ¢ Q, ) is
greater than total revenue without advertising (the rectangle 0 P, aQ, ).

In this study, the short-run monthly or annual returns from advertising are measured by the
rectangle P, P, b a The longer run returns from advertising, which account for for the effects of

supply response, are measured by the difference between total revenue with advertising and total
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0 Q Q,

Figure 19. An Economic Model of Avocado Supply and Demand.

revenue without advertising. The returns from advertisng must be compared to the costs of
advertising to evaluate the profitability of the program. There are two possible measures of costs.
The obvious measureisthe total dollars spent on advertising, which implicitly assumes that avocado
producers bear al of the costs of the program. However, when the advertising cost is financed by a
percentage assessment on total crop revenues at the producer level, some of the incidence of the
assessment, over time, will fall on buyers through the operation of supply and demand. A second
measure of costs allows some of the costs to be borne by buyers, resulting in the producers share
of costs being less than actual expenditures.

Figure 20 shows the same short-run supply (S) and demand curves D and D* asin Figure
19. Asnoted, the vertical supply curve, representing afixed supply for a given marketing year, will

shift annually due to the lagged effects of new plantings and current removas. The long-run



supply curve can be approximated at any point in time by drawing aline from the initial price-
guantity equilibrium through the new price-quantity equilibrium. Thisisillustrated in the figure by
the line LRS connecting the initial equilibrium at point a with a new equilbrium on the demand
curve D* at point ¢. The function LRS, however, does not include the producer assessment, which
when introduced, shifts the supply function back to LRS’, resulting in a higher price for buyers

(P,), alower net price to producers, and a smaller quantity produced and consumed (Q,).

LRS

oY U U U, U

Q Q& Q Q

Figure 20. Long-run Avocado Supply and Demand With and Without

Assessments

The amount of the price increase depends on the slopes of the supply and demand curves.
When supply is fixed and unresponsive to price, asit isin the short run, there is no increase in the

price to buyers and all of the costs are borne by producers. The more responsive quantity supplied
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isto price (the more price elastic is supply), the smaller will be the proportion of the assessment
borne by producers. Our estimate of avocado producers annual costs for the advertising program
over the long run is the difference between total revenue before the assessment and total revenue

after the assessment.

Avocado Supply Response

The price and change in bearing acreage equations estimated in the previous sections were
combined into arecursive model of supply response. A diagram of the circular flow of calculated
relationshipsin the model isshownin Figure 21. First, we entered initial values for lagged redl total
revenue and actual values for per capita disposable income, the consumer price index, the index of
prices paid by farmers, population, average yield per acre, Florida avocado production, quantity of
avocado imports, and advertising expenditures. Starting with these values, the model generated
values for annual bearing acreage, average price per pound, and total revenue per acre for California
avocados. As illustrated in Figure 21, bearing acreage multiplied by average yield determine
Californiaproduction. Total production is combined with demand factors to cal cul ate the average
price of avocados. The year-to-year change in bearing acreage was a function of profit
expectations, which were based on lagged per acre total revenue (price multiplied by average yield)
adjusted by the index of prices paid by farmers, and on avocado prices and the producer cost index
lagged one year.

A comparison of actual and simulated values for bearing acreage is presented in Figure 22.
The actual peak bearing acreage was 76,307 in 1987 while the simulated peak was almost identical
at 76,289 acres, but it occurred two years earlier in 1985. While the actual and simulated peak
acreage are very close, the smulation model typically underestimated or overestimated acreage

during much of the period with the largest overestimated acreage being 5,260 acresin 1980 and the
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Figure21. A Recursive Smulation Model of California
Acreage, Production and Prices.
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largest underestimated acreage being 1,903 acresin 1993. The average annual absolute difference
between actual and simulated acreage was 1,390 acres (3.6 percent). Overall, the model did avery
good job of tracing the total bearing acreage adjustments that occurred during the 1962 through
1995 period, with the difference in actual and simulated 1995 acreage being only 187 acres.®

To derive long-run estimates of the impact of advertisng on production and prices of

California avocados over time, the smulation model was run with zero advertising expenditures.
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<
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|_
20
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0 A
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Figure22. California Avocado Bearing Acreage, Actual and Simulated
with and without Advertising, 1962-95

Comparison of the smulated advertising and no advertisng scenarios shows that advertisng
increased prices and per acre returns and that these improved returns led to expansion of bearing
acreage and production. Simulated bearing acreage reaches a peak of 76,289 acresin 1985 with
advertising and 71,819 acres during the same year without advertising (Appendix Table 10). As

3 It is not unusual for models that simulate cumulative values of a parameter to diverge significantly from actual
values as the number of periodsincrease. Thismodel performed much better than is usual for the time period
covered.
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shown in Figure 22, the last observation of bearing acreage with zero advertising is 55,196 acres,
4,568 acres (almost 8%) less than with advertising.

Price Elasticity of Supply for California Avocados

The long-run supply curve for avocados is an important component for estimating benefit-cost
ratios for advertising,but defining the long-run supply curve is difficult because of the extensive
lagged relationships between production and prices. The long-run industry supply curve shows the
production or output (number of units) that will be placed on the market at all alternative prices,
other factors equal. In the case of avocados, the supply response to a price change varies by year.
Thisisillustrated in Figure 23 for two scenarios, a one-time, one-shot increase of 10 percent in

average annual avocado pricesin year zero, and a continuous increase of 10 percent in average

14.00

Percent Acreage Change

—e&—One-shot
—8—Permanent

200 -

-4.00

Figure 23. Estimated California Avocado Acreage Response to 10 Percent Price I ncrease:

One Shot in Year Zero and Permanent.
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annual prices. Asshown by the lower line, the supply response to a one time 10 percent price
increase varies by year over time. Thereisno change in the quantity supplied until year 3, the
maximum response is approximately two percent in year 9, and the effect is negative after year 17
as aresult of reduced prices when production was increasing. The supply response to a continual
(permanent) 10 percent priceincrease is much larger. The maximum response of approximately 13
percent occursin year 13 and then the percentage change in output decreases to about 4 percent in
years 26 to 28 before again increasing. The maximum estimate of price elasticity of supply, which
will vary by the year selected, isequal to 1.3.

Annual Short-Run Benefit-Cost Ratios for Advertising

The estimated annual demand relationship is used to estimate benefits from advertising in a
year-to-year (short-run or fixed supply) framework by calculating price and total revenue for actual
production each year both with and without advertising. Given the postive coefficient for the
advertising variable in the estimated demand equation, increased advertisng results in higher
average prices during a given crop year, other factors equal. The short-run comparison of annual
estimated prices with and without advertising indicated that advertising yielded positive net returns
(the benefit/cost ratio was greater than one) for all crop years beginning with 1965-66 (Appendix
Table 11a). The short-run total benefit/cost ratio for advertising ranged from 0.76 to 0.93 during
thefirst four years of the program (1961-62 through 1964-65) and then ranged from 1.32 to 14.37
during the remaining period of analysis, with aweighted annual average of 7.09 for the total period
(Figure 22). Thus, each dollar spent on advertising increased average total sales revenue in the
same year by $7.09, and after subtracting the cost of advertising, yielded a net return of $6.09.

Readers will note that some of the largest returns are observed during the most recent eight
years of the CAC advertising program. Since the costs and benefits of the advertising program
change from year to year and accrue over time, when calculating returnsit is more meaningful to
account for changing price relationships and discount the stream of costs and benefits. Thus, the
current costs and returns from advertising are restated in 1994-95 dollarsin Appendix Table 113,

and these are used to cal culate the present value of the program at discount rates of 0 and 3 percent.
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Figure24. Estimated Short-run and Long-run Benefit-Cost Ratios, 1961-62 through
1994-95 Crop Years.

Note that the annual benefit-cost ratio isthe samein current or 1994-95 dollars. When advertising
costs and returns are discounted at 0 and 3 percent, the benefit-cost ratios are 6.01 and 5.33,
respectively.

Thisfixed supply analysis does not fully account for the supply response that could occur over
time, which may limit the applicability of the weighted average based on summation across the years
presented above. The acreages used were those actualy occurring with advertisng, but if
advertising had been eliminated in 1975, 1985, or any other year, subsequent with-and-without
advertising quantities would have changed. A simple average of the annual fixed supply benefit-
cost ratios avoids the problems of adding up over time. This average, which isequal to 5.25, is
close to the estimated aggregate short-term returns from advertising discounted at 3 percent (B/C =
5.33).
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Monthly Short-Run Benefit-Cost Ratios for Advertising

Short-run (fixed supply) benefits can also be estimated using the monthly demand
relationship. Again, we calculate the difference in monthly price and total revenue due to advertising
for actual monthly sales. Given the positive coefficient on advertising in the estimated demand
equation, we know that advertising expenditures increase average prices during a given month, other
factors equal. Following the pattern used for the annual demand equation, we caculated total
monthly benefits and costs associated with CAC marketing expenditures for the nine crop years
1986-87 through 1994-95 on both a current and discounted basis. In current terms, the tota
increase in revenues due to advertising and promotion for the nine-year period was just over $337
million. Total CAC marketing expenditures during the same time period were just over $59
million. Thus, aggregated benefits and costs yield a benefit/cost ratio of 5.71 for all CAC
marketing expenditures during the most recent nine years.

To provide a basis of comparison with the annual analysis, the aggregated monthly costs
and returns from advertising are restated in October 1995 dollars and these are used to calculate the
present value of the program at discount rates of 0 and 3 percent. The benefit-cost ratios for all
CAC marketing expenditures over the 1986-87 through 1994-95 crop years, when costs and returns
are discounted at 0 and 3 percent, are 5.74 and 6.35, respectively. Note that these discounted net
returns are close to those estimated for the 1961-62 through 1994-95 crop years using the annual
demand equation.

Because of the linear nature of advertising response in the monthly demand equation, the
simple average of the monthly benefit-cost ratios and the simple average of monthly marginal
benefit-cost ratiosis equal.® For the nine-year period of anayss, the monthly margina and

average benefit-cost ratios are equal to 8.92. The marginal benefit-cost ratios were greater than one

% Alston, et al. (1998) derive a simple formula for approximating the benefits from a marginal
increase in promotiona expenditures. The formula, derived from the commodity demand function,

iss u=Q E; where misthe marginal benefit, P is the product price and a is the advertising

expenditure.
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for all but two months of the period, indicating that the CAC could have profitably increased
advertising and promotion during all but two months of the nine-year period.

Long-Run Benefit-Cost Ratios for Advertising

As documented in the acreage response analysis, producers expand acreage and production
when returns are favorable and improved returns from advertising expanded the acreage and supply
of avocados. The short-run net returns from advertising, described above, were eroded over time by
increased supplies stimulated by the earlier increased returns. Given flexible prices (inelastic
demand), the increased production from more acres of avocado trees partially offsets the demand-
enhancing effects of advertising. Asillustrated in Figure 24, the long-run benefit-cost ratio was
again less than 1.0 during the first four years of the program; then the ratio exceeded one from
1965-66 through 1979-80; the ratio then dropped below 1.0 for the next five years and was even
negative one year. The estimated benefit-cost ratio was greater than 1.0 in 1985-86, and for 7 of 9
years after that. The average benefit-cost ratio for the 34-years of the analysis was 1.89; the
estimated increase in total industry revenue was $218.8 million and CAC marketing expenditures
were $116.0 million. The long-run benefit-cost ratios, when costs and returns are discounted at O
and 3 percent, are 1.78 and 1.71, respectively (Appendix Table 11b). A simple average of marginal
benefit-cost ratios for the same period, derived by increasing advertising one percent during each
year, isequal to 1.48. The marginal ratios tended to be less than one at the beginning of the period
and greater than one at the end. For example, the average marginal benefit-cost ratio for the first 10
years of the analysiswas 0.47 while the average for the last 10 years was 3.23.

Just as increased demand stimulated increased production of avocados over time, industry
assessments tended to decrease supply. The long run impact of the adjustment to assessments for
advertising is to shift a portion of the costs to buyers. Thus, long-run benefit-cost ratios estimated
above tend to overstate the true costs of the program to producers. As noted earlier, we compute an
estimate of the producers’ share of costs by subtracting total producer revenue after the assessment
from total producer revenue before the assessment. The results of this calculation are shown by

year in Appendix Table 11c. The annual average benefit-cost ratio for the 34-years of the analysis
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was 2.84. The long-run benefit-cost ratios, when costs and returns are discounted at 0 and 3
percent, are 2.48 and 2.26, respectively.

A Projection of Long-Run Benefit-Cost Ratios for Advertising

A reviewer correctly noted that the long-run benefit/cost ratios just presented do not account
for all costs and benefits stemming from the most recent advertising and promotion expenditures.
Because of the extensive lagged relationships found in the avocado industry, it isnot clear if future
adjustments will tend to increase of decrease estimated benefit/cost ratios. To obtain a measure of
the future effects of recent actions, we project industry tota revenues both with and without
advertising 20 yearsinto the future.® Then benefit/cost ratios for producers paying all advertising
costs and producers sharing advertising costs with buyers are calculated. As shown in Appendix
Table 11d, the benefit/cost ratio when producers pay all of the advertising costs increases from a
low of 2.06 in 1998 to 5.14 in 2015. The benefit/cost ratio when producers share the advertising
costs with buyers increases from alow of 5.02 in 1998 to 7.45 in 2015. Both of these ratios are
higher than recent averages, indicating that the ratios for the study period did have time to stabilize
and that large future costs to recent program actions are not a significant problem. Overall, the
estimated long-run benefit/cost ratios during the study period appear to be on the conservative side,
whether the producers pay all costs or share costs with buyers.

Thus, returns for CAC advertisng and promotion programs have been very atractive,
regardless of one’s perspective. On ashort run, fixed supply, month-to-month and year-to-year
basis, returns have typically averaged $5 to $6 for every $1 expended. These are the rdevant
returns to consider when making short-run decisions on CAC advertising and promotion program
expenditures. Over time, the supply response resulting from increased returns erodes prices and
returns. Thisisthe nature of the short-run versus the long-run returns to advertising when the

industry does not control supply and there is ease of entry and exit. But, even in the long run,

% Future industry developments depend, of course, on the assumptions used for the variables in the simulation
model. For this projection we used recent values for advertising ($4.47 million annually), imports (.18685 pounds
per capita), florida production (.1534 pounds per capita), consumer income (increased 1 percent annually), population
(increased 1 percent annually), and average per acre yields (6418 pounds per acre).
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producers grossed over $1.70 for every dollar spent on advertising and promotion since 1961-62.
This, increased to something over $2.26 for the producers' share of advertising expenditures.
Concluding Comments

This report presents the results of research directed toward examination of the effects of CAC
advertising and promotion programs on the demand (and price) for California avocados over the
period from 1961-62 through 1994-95. Annual demand and supply response relationships were
estimated, with generally good results as measured by standard statistical tests and concurrence with
theoretical expectations. There were weaknesses with the estimated annual demand equation,
however, that appeared to be due to the annual data utilized. The estimated coefficient for the
guantity of Florida avocados, for example, was not significantly different from zero and it had an
unexpected positive sign. Asindicated, we believe that different marketing and crop years for
California, Florida and imported avocados was an important shortcoming with the data. There were
also indications of measurement problems with early advertising and promotion expenditures. We
collected and analyzed monthly data for the most recent decade to gain additional information on
the nature of the empirical demand relationship for Californiaavocados. The results of the monthly
analysis generally confirmed the annual analysis, but with improved statistical measures and tests.
We found that the effects of California and Florida avocado sales on monthly California prices
were essentially the same; we were a so able to measure the effect of advertising and promotion with
increased statistical precision. The similarity of estimated annual and monthly price flexibilities of
demand makes us very confident that we have been able to accurately measure the important
determinants of California avocado demand, and in particular, the effects of advertisng and
promotion expenditures.

We follow the tradition of empirical economic analyses by noting that more research remains
to be done. We were not able, for example, to isolate the separate impacts of various types of
advertising and promotion expenditures on the demand and price of California avocados. We
believe that carefully designed market experiments are required to best assess the comparative

impacts of various programs. We were also forced to assume that dollar expenditures are a good
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measure of advertising efforts; that a dollar spent on a given program at a given point in time had
the same impact as a dollar spent on any other program at any other time. This measurement
problem is common to many studies of commodity advertising that utilize secondary data. Monthly
data on advertising expenditures were not necessarily matched with the month in which the
advertising (or promotion) was communicated to the target audience. Future data collection must be
aware of the need to match measures of advertising effort with the timing of program execution to
derive improved estimates of the dynamic effects of advertising programs. Finally, readers are
reminded that the study results are for a specified past time period, and that while most of the
estimated supply and demand rel ationships can reasonably be expected to continue in the near

future, any projections using these relationships must be regarded with caution.

76



References

Alston, JM., JW. Freebairn, and J.J. Quilkey. “A Model of Supply Response in the Australian
Orange Growing Industry.” Australian Journal of Agricultural Economics, 24(1980): 248-
267.

Alston, JM. and J.A. Chalfant. “Unstable Models from Incorrect Forms.” American Journal of
Agricultural Economics, 73(1991): 1172-81.

Alston, JM., H.F. Carman, J.E. Christian, J. Dorfman, J.R. Murua, and R.J. Sexton. Optimal
Reserve and Export Policies for the California Almond Industry: Theory, Econometrics and
Simulations. Berkeley: University of California Agricultural Experiment Station, Giannini
Foundation Monograph No. 42, February 1995.

Alston, JM., JA. Chalfant, J.E. Chrigtian, E. Meng, and N.E. Piggott. The California Table Grape
Commission’s Promotion Program: An Evaluation. Berkeley: University of California
Agricultural Experiment Station, Giannini Foundation Monograph No. 43, November 1997.

Alston, JM., H.F. Carman, JA. Chafant, JM. Crespi, R.J. Sexton, and R.S. Venner. The
California Prune Board's Promotion Program: An Evauation. Berkeley: University of
California Agricultural Experiment Station, Giannini Foundation Research Report No. 344,
March 1998.

Baritelle, JL. and D.W. Price. “Supply Response and Marketing Strategies for Deciduous
Crops.” American J. of Agri. Economics, 56(May 1974): 245-253.

Bushnell, P. and G.A. King. The Domestic and Export Market for California Almonds. University
of California, Division of Agriculture and Natural Resources, Giannini Foundation Research
Report No. 334, 1986.

California Avocado Commission. Annual Reports. Irving, California.

Cdlifornia Agricultural Statistics Service.  Cdlifornia Fruit and Nut Acreage.  Sacramento,
Cdlifornia, annual issues.

Cdlifornia Agricultural Statistics Service. Cdifornia Fruit and Nut Statistics.  Sacramento,
Cdlifornia, annual issues.

California Crop and Livestock Reporting Service. California Fruit and Nut Crops, 1909-1955.
Sacramento: California Department of Agriculture, Specia Publication 261, July 1956.

Carman, H.F. “Income Tax Reform and California Orchard Development.” Western Journal of
Agricultural Economics, 6(December 1981): 165-180.

Carman, H.F. and R.D. Green. “Commodity Supply Response to a Producer Financed
Advertising Program: The California Avocado Industry.” Agribusiness, 9(1993): 605-621.

Clarke, D.C. “Econometric Measurement of the Duration of Advertising Effect of Sales.” Journal
of Marketing Research, 13(1976): 345-357.

77



Davidson, Russdll, and James G. MacKinnon. Estimation and Inferencein Econometrics. New
York: Oxford University Press (1993).

French, B.C. and R.G. Bressler. “The Lemon Cycle.” Journal of Farm Economics, 44(August
1962): 1021-1036.

French, B.C. and J.L. Matthews. “A Supply Response Model for Perennial Crops.” American J.
of Agri. Economics, 53(August 1971): 478-490.

Kennedy, Peter. A Guideto Econometrics. Cambridge: The MIT Press (1992).

Kinnucan, H. and O.D. Forker. “ Seasonality in the Consumer Response to Milk Advertising with
Implications for Milk Promotion Policy.” American Journal of Agricultura Economics,
68(August 1986): 562-571.

Kmenta, J. Elements of Econometrics, 2nd ed. New Y ork: Macmillan (1986).

Lilien, G.L., P. Kotler, and K.S. Moorthy. Marketing Models. Englewood Cliffs, N.J.: Prentice
Hall (1992).

Little, J.D.C. “Aggregate Advertisng Models. The State of the Art.” Operations Research,
27(1979): 629-667.

Livingston, P., G. Bender, B. Faber, K. Klonsky, E. Takele and G. Whitney. Sample Coststo
Establish and Produce Avocados in Cdlifornia In the 90's.  University of Cadlifornia
Cooperative Extension and California Avocado Society, Inc. Circular No. CAS-93/1,
September 1993.

Minami, D., B. French, and G. King. An Econometric Analysis of Market Contral in the California
Cling Peach Industry. University of California, Division of Agricultural Sciences, Giannini
Foundation Monograph No. 39, October 1979.

Nerlove, M. and F.V. Waugh. “Advertising Without Supply Control: Some Implications of A
Study of the Advertising of Oranges.” Journal of Farm Economics, 43(November 1961): 813-
837.

Newey, W.K. and K.D. West. “Hypothesis Testing with Efficient Method of Moments
Estimators.” International Economic Review. 28(1987): 777-787.

Rae, A.N. and H.F. Carman. “A Model of New Zealand Apple Supply Response to Technological
Change.” The Australian Journal of Agricultural Economics, 19(April 1975): 39-51.

Reynolds, A., A. McFaul and E. Goddard. “Testing for Causdity between Advertisng
Expenditures and Canadian Demand for Cheese and Butter.” Agribusiness, 7(May 1991): 197-
202.

Savin, N.E. and K.J. White. “Estimation and Testing for Functional Form and Autocorrelation.”
Journal of Econometrics, 8(1978): 13-21.

Thor, P. K. and E. V. Jesse. Economic Effects of Terminating Federal Marketing Orders for
California-Arizona Oranges. Washington, D.C., U.S. Department of Agriculture, Economic
Research Service, Technical Bulletin No. 1664, Nov. 1981.

U.S. Council of Economic Advisers. Economic Indicators. Monthly issues.

78



U.S. Dept. Agriculture, E.R.S. Fruit and Tree Nuts Situation and Outlook Reports, annual
yearbook issues.

Ward, R.W. and B.L. Dixon. “Effectiveness of Fluid Milk Advertisng Since the Dairy and
Tobacco Adjustment Act of 1983.” American Journal of Agricultura Economics, 71(August
1989): 730-740.

Ward, R.W. and L.H. Myers, “Advertising Effectiveness and Coefficient Variation Over Time.”
Agricultural Economics Research, 31(1979): 1-11.

79



Appendix Table1l. California Avocado Acreage by Category, 1920-1995.

Year Bearing  Nonbearing Total Year Bearing  Nonbearing Total
Acres Acres Acres Acres Acres Acres

1920 280 235 515 1958 19,794 5,439 25,233
1921 310 289 599 1959 20,205 5,061 25,266
1922 350 380 730 1960 21,301 4,754 26,055
1923 400 520 920 1961 20,045 4,378 24,423
1924 450 809 1,259 1962 20,862 3,066 23,928
1925 490 1,382 1,872 1963 21,194 2,628 23,822
1926 560 1,789 2,349 1964 21,921 1,706 23,627
1927 690 2,437 3,127 1965 21,570 1,224 22,794
1928 860 3,599 4,459 1966 18,810 2,530 21,340
1929 1,210 4,888 6,098 1967 18,620 3,060 21,680
1930 1,830 6,069 7,899 1968 18,730 3,150 21,880
1931 2,310 6,550 8,860 1969 19,220 4,300 23,520
1932 3,040 8,572 11,612 1970 18,040 4,200 22,240
1933 4,217 9,000 13,217 1971 18,380 4,560 22,940
1934 5,609 9,196 14,805 1972 19,039 5,085 24,124
1935 7,307 7,993 15,300 1973 19,611 6,029 25,640
1936 8,622 6,304 14,926 1974 20,741 6,635 27,376
1937 10,179 4,097 14,276 1975 20,715 10,884 31,599
1938 11,226 3,240 14,466 1976 24,882 14,692 39,574
1939 11,471 2,667 14,138 1977 29,041 14,697 43,738
1940 11,930 2,541 14,471 1978 33,866 12,947 46,813
1941 12,132 2,636 14,768 1979 39,802 11,335 51,137
1942 12,285 2,863 15,148 1980 44,369 11,083 55,452
1943 12,399 2,995 15,394 1981 47,831 11,532 59,363
1944 12,756 2,490 15,246 1982 64,798 14,808 79,606
1945 13,077 2,812 15,889 1983 69,448 12,161 81,609
1946 13,403 2,884 16,287 1984 72,296 5,212 77,508
1947 13,565 3,478 17,043 1985 72,861 2,208 75,069
1948 12,765 4,443 17,208 1986 74,131 1,266 75,397]
1949 11,855 6,254 18,109 1987 74,812 521 75,333
1950 11,292 7,131 18,423 1988 76,307 4,142 80,449
1951 12,008 8,464 20,472 1989 75,062 3,083 78,145
1952 12,579 9,108 21,687 1990 73,368 2,395 75,763
1953 13,566 9,135 22,701 1991 71,007 1,126 72,133
1954 15,040 8,023 23,063 1992 69,582 819 70,401
1955 16,292 6,709 23,001 1993 68,159 644 68,803
1956 18,036 5,127 23,163 1994 66,865 505 67,370
1957 19,119 5,348 24,467 1995 61,254 987 62,241]

Source: Datafrom 1920 through 1955 are from California Crop and Livestock Reporting Service, Special
Publication 261; data from 1956 through 1987 are from California Agricultural Statistics Service, annual issues;
data from 1988 forward are from California Avocado Commission.
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Appendix Table 2.

California Avocado Acreage by County and Area, 1950-1990.

Counties 1950 1955 1960 1965 1970 1975 1980 1985 1990
San Diego 11,474 13,712 13,616 11,798 12,920 18,463 24,254 36,843 36,402
Mid-counties
Los Angeles 2,837 2,754 2,610 2,010 1,260 517 986 615 602
Orange 2,417 2,617 2,842 1,424 910 1,136 2,065 1,675 1,471
Riverside 228 351 511 427 590 4,546 8,737 8,518 8,487
San Bernardino 71 87 179 120 110 151 136 126 220
Sub-total 5,553 5,809 6,142 3,981 2,870 6,350 11,924 10,934 10,780
North Counties
Santa Barbara 748 1,446 1,646 2,281 2,770 4,369 6,210 7,730 8,029
San L uis Obispo 0 1 1 1 0 502 1,049 804 1,245
Ventura 1,171 2,179 2,927 2,720 3,460 8,557 13,681 16,596 16,459
Subtotal 1,919 3,626 4574 5,002 6,230 13,428 20,940 25,130 25,733
San Joaquin Valley
Fresno 2 2 7 39 180 261 382 418 312
Tulare 1 0 48 65 230 888 1,658 1,802 1,179
Kern 0 0 0 0 0 113 127 173 14
Subtotal 3 2 55 104 410 1,262 2,167 2,393 1,505
Other 16 14 36 11 180 71 78 97 118
TOTAL 18,965 23,163 24,423 20,896 22,610 39,574 59,363 75,397 74,538

81




Appendix Table3. California Avocado Average Yields per
Acre, 1925-1995.

Year AveYidd Year AveYidd
Ibs/acre Ibs/acre

1925 531 1961 3542
1926 821 1962 4793
1927 1797 1963 3775
1928 744 1964 4270
1929 1901 1965 2225
1930 437 1966 6167
1931 1861 1967 8002
1932 1711 1968 3994
1933 806 1969 6358
1934 891 1970 3659
1935 2546 1971 7291
1936 1206 1972 2731
1937 1218 1973 7180
1938 944 1974 5149
1939 2598 1975 10184
1940 1308 1976 4694
1941 2407 1977 8264
1942 3028 1978 6319
1943 2516 1979 6181
1944 3340 1980 3381
1945 1774 1981 9952
1946 3581 1982 4844
1947 2728 1983 5817
1948 2914 1984 6833
1949 2429 1985 5490
1950 2745 1986 4317
1951 3731 1987 7432
1952 4452 1988 4693
1953 3420 1989 4391
1954 2832 1990 2834
1955 5549 1991 3824
1956 2218 1992 4468
1957 1653 1993 8360
1958 4678 1994 4053
1959 5098 1995 4966
1960 6572
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Appendix Table 4.

New California Avocado Plantings Reported the Year of Planting
and Up to Eight YearsLater, 1950-1992.

Year () Avocado planting in year t that was standing in year

t t+1 t+2 t+3 t+4 t+5 t+6 t+7 t+8
1950 706 848 878 2023 2063 2059 2257 2160 2044
1951 688 772 1691 1792 1714 1870 1911 1843 1868
1952 238 982 1436 1468 1642 1838 1641 1621 1522
1953 551 988 1026 1175 1570 1327 1375 1239 1201
1954 417 517 896 1175 1228 1212 1201 1181 1112
1955 399 737 1318 1435 1454 1426 1420 1381 1367
1956 897 1151 1322 1469 1493 1521 1529 1516 1496
1957 224 452 616 1119 1154 1159 1151 1130 1015
1958 621 1025 1037 1046 1073 1072 1026 946 946
1959 187 550 561 719 719 707 668 668 668
1960 178 192 392 391 392 404 442 428 428
1961 112 233 234 221 338 349 342 344 338
1962 209 246 247 429 438 419 420 380 370
1963 97 149 390 486 512 533 490 486 486
1964 155 461 546 581 578 575 573 573 573
1965 555 656 667 666 746 724 724 787 786
1966 702 853 871 906 913 924 1041 1042 1023
1967 453 504 1000 1000 978 1006 996 978 1011
1968 441 1024 1039 1053 1072 1036 1279 1458 1495
1969 498 532 617 672 725 638 830 867 864
1970 713 955 1222 1294 1211 1266 1397 1297 1331
1971 1344 1674 1753 1656 2219 2308 2335 2284 2290
1972 1234 1477 1665 2475 2632 2671 2611 2617 2648
1973 1386 2607 3632 3816 3780 3952 3944 3960 5949
1974 3745 5593 5764 5945 6373 6384 6415 8467 8333
1975 5078 4451 4398 5197 5255 5298 8104 7534 6669
1976 3782 3949 3921 3878 4036 6120 6284 6652 6588
1977 3197 2930 2996 3065 4962 5274 5940 5904 5884
1978 2971 3648 3689 5125 5616 6063 5925 5940 5930
1979 3629 3692 5345 5308 5421 5352 5386 5560 5462
1980 3636 4556 4629 4026 4033 4059 4198 4159 4108
1981 4305 3948 2974 2967 3039 3035 2886 2891 3028
1982 2933 1109 1107 1143 1202 1435 1465 1618 1619
1983 488 537 701 737 848 861 880 924 924
1984 109 293 287 360 368 420 449 454 455
1985 13 38 121 127 203 355 357 431
1986 23 321 342 392 603 621 610
1987 61 78 130 149 162 204
1988 18 88 226 232 247
1989 57 124 130 130
1990 29 43 60
1991 3 55
1992 1

Source: California Agricultural Statistics Service, California Fruit & Nut Acreage, Annual Issues.
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Appendix Tableb5.

Removals, 1950-92.

California Avocado Acreage by Category, Plantings and

Year Planting Bearing NonBearing Total Removals
Acres Acres Acres
1950-51 2257 12008 8464 20472 1042
1952 1911 12579 9108 21687 897
1953 1838 13566 9135 22701 1476
1954 1570 15040 8023 23063 1632
1955 1228 16292 6709 23001 1066
1956 1454 18036 5127 23163 150
1957 1529 19119 5348 24467 763
1958 1159 19794 5439 25233 1126
1959 1073 20205 5061 25266 284
1960 719 21301 4754 26055 2351
1961 442 20045 4378 24423 937
1962 349 20862 3066 23928 455
1963 438 21194 2628 23822 633
1964 533 21921 1706 23627 1362
1965 581 21574 1224 22798 2039
1966 787 18810 2530 21340 447
1967 1042 18620 3060 21680 842
1968 1011 18730 3150 21880 -629
1969 1495 19220 4300 23520 2775
1970 867 18040 4200 22240 167
1971 1397 18380 4560 22940 213
1972 2335 19039 5085 24124 819
1973 2671 19611 6029 25640 935
1974 5949 20741 6635 27376 1726
1975 8467 20715 10884 31599 492
1976 8104 24882 14692 39574 3940
1977 6652 29041 14697 43738 3577
1978 5940 33866 12947 46813 1616
1979 6063 39802 11335 51137 1748
1980 5560 44369 11083 55452 1649
1981 4629 47831 11532 59363 -15614
1982 4305 64798 14808 79606 2302
1983 2933 69448 12161 81609 7034
1984 924 72296 5212 77508 3363
1985 455 72861 2208 75069 127
1986 431 74131 1266 75397 495
1987 621 74812 521 75333 -4495
1988 204 76307 4142 80449 2508
1989 247 75062 3083 78145 2629
1990 130 73368 2395 75763 3760
1991 60 71007 1126 72133 1792
1992 55 69582 819 70401 1653
1993 1 68159 644 68803 1434

Source: Plantings are from Appendix Table 4; Bearing and Nonbearing acres are from CASS;

Removals are calculated from the other series using the procedures described in the text.
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Appendix Table6. Data Used in Annual Avocado Demand M odel.

us Per Capita Cdlifornia Cdlifornia
CPl Population Income Price Production
Obs Yeax (1982-84=100) (millions) (%$1,0009) (cents/pound) (million pounds)

-8 1953 0.267 159.6 158 17.40 46.40
-7 1954 0.269 162.4 1.59 18.50 42.60
-6 1955 0.268 165.3 1.67 10.45 90.40
-5 1956 0.272 168.2 1.74 20.70 40.00
-4 1957 0.281 171.3 1.80 22.00 31.60
-3 1958 0.289 174.1 1.83 9.70 92.60
-2 1959 0.291 177.1 1.97 8.40 103.00
-1 1960 0.296 180.8 201 5.50 140.00

0 1961 0.299 183.7 2.06 14.00 71.00

1 1962 0.302 186.6 215 10.70 100.00

2 1963 0.306 189.3 223 13.40 80.00

3 194 0.310 191.9 2.38 12.90 93.60

4 1965 0.315 194.3 254 26.00 48.00

5 1966 0.324 196.6 272 13.10 116.00

6 1967 0.334 198.8 2.88 10.10 149.00

7 1968 0.348 200.7 3.10 23.00 74.80

8 1969 0.367 202.7 3.30 15.00 122.20

9 1970 0.388 205.1 3.55 34.10 66.00
10 1971 0.405 207.7 381 18.80 134.00
11 1972 0.418 209.9 4.07 47.60 52.00
12 1973 0.444 2119 4.55 27.30 140.80
13 1974 0.493 213.9 4.93 39.60 106.80
14 1975 0.538 216.0 5.37 23.80 211.00
15 1976 0.569 218.1 5.84 51.90 116.80
16 1977 0.606 220.3 6.36 29.70 240.00
17 1978 0.652 222.6 7.10 37.00 214.00
18 1979 0.726 2251 7.86 34.60 246.00
19 1980 0.824 227.7 8.67 74.80 150.00
20 1981 0.909 230.0 9.57 17.90 476.00
21 1982 0.965 232.2 10.11 34.50 314.00
22 1983 0.996 234.3 10.76 23.00 404.00
23 1984 1.039 236.4 11.89 18.50 494.00
24 1985 1.076 2385 12.59 29.10 400.00
25 1986 1.096 240.7 13.24 50.80 320.00
26 1987 1.136 242.8 13.85 16.90 556.00
27 1988 1.183 245.1 14.86 57.00 358.10
28 1989 1.240 2474 15.74 62.80 329.60
29 1990 1.307 250.0 16.67 114.20 207.90
30 1991 1.362 252.7 17.19 71.20 271.50
31 1992 1.403 2554 18.06 58.70 310.90
32 1993 1.445 258.2 18.55 20.70 569.80
33 1994 1.482 260.7 19.25 92.70 271.00
34 1995 1.524 263.1 20.17 74.70 304.20

Notes. CPI, population and income are reported on a calendar year; source: The Economic Report of the President
and recent issues of The Survey of Current Business. California prices and production quantities are reported on a
Cdlifornia crop year (year ending October 31 of stated year); source: California Agricultural Statistics Service.
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Appendix Table 6 (Continued).

CAC Marketing Florida Florida
Expenditures Price Production Imports Exports
Obs Year (million $) (cents/pound) (million pounds)  (million pounds)  (million pounds)
-8 1953 0.00 5.50 19.14 6.92
-7 1954 0.00 4.90 23.32 8.28
-6 1955 0.00 5.10 25.96 7.40
-5 1956 0.00 5.10 28.98 5.34
-4 1957 0.00 5.60 21.23 6.61
-3 1958 0.00 4.80 27.66 572
-2 1959 0.00 6.30 8.14 7.07
-1 1960 0.00 4.00 1551 8.77
0 1961 0.00 8.00 3.96 6.14
1 1962 0.18 7.70 13.40 0.17
2 1963 0.44 6.40 25.70 0.03
3 194 0.51 6.40 30.60 0.01
4 1965 0.32 8.20 28.00 0.07
5 1966 0.79 20.40 6.20 0.25
6 1967 0.78 10.20 12.80 0.59
7 1968 0.58 8.50 32.30 0.37
8 1969 0.79 10.80 27.70 0.20
9 1970 0.76 13.10 30.80 0.80
10 1971 121 14.50 41.40 1.14
11 1972 1.10 16.90 42.50 2.26
12 1973 1.29 16.10 41.40 1.95
13 1974 155 17.80 40.60 2.25
14 1975 2.15 16.40 48.20 3.32
15 1976 2.15 20.00 63.80 2.94
16 1977 4.14 20.50 42.20 4.40
17 1978 3.60 34.50 21.40 6.97 .
18 1979 412 20.00 50.80 3.80 17.33
19 1980 2.72 29.90 54.60 311 17.98
20 1981 6.42 26.50 61.60 2.98 44.55
21 1982 3.19 25.10 51.60 1.68 17.83
22 1983 5.42 24.00 69.40 2.06 18.43
23 1984 3.47 23.00 54.00 4.13 28.28
24 1985 4.06 19.50 59.00 6.85 13.08
25 1986 5.18 28.80 57.00 11.42 12.11
26 1987 7.58 20.60 49.40 9.20 26.96
27 1988 3.36 15.60 58.00 541 29.39
28 1989 7.11 21.80 54.00 10.00 16.64
29 1990 6.33 16.60 67.00 25.98 10.06
30 1991 7.35 34.20 39.20 29.94 9.72
31 1992 8.63 23.80 56.60 51.88 14.76
32 1993 6.82 29.10 14.40 27.46 32.19
33 1994 5.10 41.00 8.80 3941 19.87
34 1995 6.82 30.75 40.00 49.16 29.50

Notes: California producer marketing expenditures are reported on a California crop year (year ending October 31 of
stated year); source: annual reports of California Avocado Commission and Advisory Board. Florida prices and
production quantities are reported on a Florida crop year (year ending March 31 of stated year); source: USDA.
Annual avocado imports are reported as follows: 1951-76, year ending June 30 of stated year; 1977-88, year ending
September 30 of stated year; 1989-95, year ending October 31 of stated year; source: U.S. Bureau of the Census.
Imports are reported for year ending October 31 of stated year; source: U.S. Bureau of the Census.
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Appendix Table 7. Monthly Sales and Average F.O.B. Pricesfor California Avocados.

California Ave. Ca California Ave. Ca California Ave. Ca
Quantity Sold  fob Price Quantity Sold fob Price Quantity Sold  fob Price
Year Mo. pounds cents/lb. Year  Mo. pounds centg/lb. Year Mo. pounds centg/lb.
1984 11 . . 1988 11 14,261,675 111 1992 11 9,765,125 72
1984 12 1988 12 21,646,825 68 1992 12 29,796,550 52|
1985 1 1989 1 26,466,150 67 1993 1 29,999,375 5=3|
1985 2 1989 2 24,169,100 67 1993 2 33,097,225 41
1985 3 1989 3 26,489,450 69 1993 3 45,231,200 35
1985 4 1989 4 25,954,025 67 1993 4 53,043,625 30]
1985 5 1989 5 27,255,425 71 1993 5 46,445,925 28
1985 6 1989 6 19,063,375 85 1993 6 56,126,600 27|
1985 7 1989 7 23,071,775 90 1993 7 50,041,825 29
1985 8 1989 8 18,808,225 89 1993 8 52,654,175 28
1985 9 . . 1989 9 19,068,100 111 1993 9 36,741,000 46|
1985 10 . . 1989 10 14,883,725 128 1993 10 33,619,975 49
1985 11 . . 1989 11 10,847,875 120 1993 11 25,716,900 72|
1985 12 . . 1989 12 17,456,950 102 1993 12 19,640,050 92
1986 1 1990 1 18,857,425 108 1994 1 24,332,325 91
1986 2 1990 2 16,076,675 105 1994 2 20,699,975 95
1986 3 1990 3 18,258,575 106 1994 3 24,922,325 101
1986 4 1990 4 17,741,625 135 1994 4 22,734,550 110
1986 5 1990 5 20,924,925 133 1994 5 23,904,300 114
1986 6 1990 6 18,517,400 156 1994 6 24,073,650 128
1986 7 1990 7 16,930,350 173 1994 7 21,221,875 135
1986 8 1990 8 14,993,625 173 1994 8 22,585,300 131
1986 9 1990 9 9,096,925 180 1994 9 13,891,500 136
1986 10 . . 1990 10 5,539,200 181 1994 10 5,937,250 154
1986 11 22,362,300 43 1990 11 8,563,425 97 1994 11 4,970,625 129
1986 12 30,680,975 32 1990 12 18,007,350 84 1994 12 12,800,625 88
1987 1 30,216,625 32 1991 1 17,739,875 95 1995 1 19,388,100 12=2I
1987 2 31,147,725 32 1991 2 17,703,125 92 1995 2 19,998,200 97
1987 3 37,366,225 32 1991 3 17,977,200 99 1995 3 25,551,825 92
1987 4 42,592,875 30 1991 4 23,677,975 95 1995 4 26,143,725 82
1987 5 43,720,925 27 1991 5 27,071,475 81 1995 5 31,796,875 74
1987 6 46,094,550 27 1991 6 22,899,850 92 1995 6 29,450,075 87
1987 7 44,927,700 26 1991 7 25,948,375 84 1995 7 29,761,100 83
1987 8 43,647,525 23 1991 8 25,059,475 75 1995 8 32,981,500 73
1987 9 41,650,725 24 1991 9 17,814,200 118 1995 9 21,466,200 118
1987 10 39,864,025 28 1991 10 9,677,250 121 1995 10 14,688,950 130
1987 11 30,343,150 42 1991 11 3,131,925 121 1995 11 7,492,000 116
1987 12 33,869,350 38 1991 12 12,398,100 100 1995 12 19,977,450 102]
1988 1 26,293,900 47 1992 1 25,475,225 76 1996 1 28,444,025 E%'
1988 2 26,134,375 56 1992 2 21,803,950 69 1996 2 26,194,025 71
1988 3 27,361,775 65 1992 3 27,299,675 73 1996 3 29,788,075 73
1988 4 25,791,050 72 1992 4 33,337,525 59 1996 4 35,692,275 73
1988 5 26,078,975 82 1992 5 33,897,500 55 1996 5 35,891,450 65
1988 6 24,538,625 99 1992 6 35,265,700 61 1996 6 32,374,050 76|
1988 7 24,962,300 105 1992 7 27,778,900 89 1996 7 16,026,050 91
1988 8 20,934,525 121 1992 8 22,494,200 105 1996 8
1988 9 14,803,475 130 1992 9 17,970,675 113 1996 9
1988 10 11,766,525 139 1992 10 8,070,650 113 1996 10

Dotsindicate missing or unavailable data.
Source: Calculated from AMRIC reports
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Appendix Table 8.

Monthly Shipments of Florida and Imported Avocados.

Avocado Shipments

Avocado Shipments

Avocado Shipments

Florida Imported Florida Imported Florida Imported
Year Mo. (Ibs) (Ibs)) Year Mo. (Ibs) (Ibs)) Year Mo. (Ibs) (Ibs))
1984 11 8,916,850 1988 11 7,143,350 4,150,665 1992 11 159,650 15,420,000
1984 12 6,217,100 1988 12 5,722,100 1,384,278 1992 12 129,600 2,970,000
1985 1 4,458,050 380,046 1989 1 3,409,100 450,000 1993 1 83,050 1,180,000
1985 2 2,550,800 177,422 1989 2 978,100 0 1993 2 39,350 310,000
1985 3 443,800 37,845 1989 3 58,900 0 1993 3 7,400 140,000
1985 4 150 141,550 1989 4 0 20,000 1993 4 0 120,000
1985 5 0 127,922 1989 5 1,800 50,000 1993 5 0 210,000
1985 6 26,100 18,570 1989 6 248,800 50,000 1993 6 0 260,000
1985 7 5,901,000 63,309 1989 7 7,253,050 300,000 1993 7 154,200 860,000
1985 8 9,422,200 363,903 1989 8 11,744,150 190,000 1993 8 1,196,350 1,110,000
1985 9 9,152,900 352,606 1989 9 11,614,900 440,000 1993 9 1,698,950 1,940,000
1985 10 10,266,250 384,180 1989 10 11,250,650 2,970,000 1993 10 1,579,450 2,940,000
1985 1 8,646,700 611,071 1989 1 9,464,150 4,220,000 1993 1 1,520,750 4,700,000
1985 12 5,871,200 1,083,781 1989 12 7,831,100 1,650,000 1993 12 1,671,600 4,370,000
1986 1 4,019,800 5,252,149 1990 1 3,718,800 1,190,000 1994 1 454,600 2,070,000
1986 2 2,133,950 343,820 1990 2 1,657,800 180,000 1994 2 283,400 440,000
1986 3 66,250 19,190 1990 3 207,750 150,000 1994 3 176,300 220,000
1986 4 0 263,310 1990 4 0 0 1994 4 0 150,000
1986 5 0 70,916 1990 5 0 20,000 1994 5 1,100 180,000
1986 6 2,750 64,430 1990 6 655,200 370,000 1994 6 464,350 580,000
1986 7 2,054,300 696,959 1990 7 5,771,100 600,000 1994 7 4,170,450 1,250,000
1986 8 6,647,250 1,154,974 1990 8 7,868,050 1,980,000 1994 8 7,038,050 1,430,000
1986 9 9,229,950 1,301,051 1990 9 5,444,150 6,210,000 1994 9 7,035,400 12,990,000
1986 10 9,498,000 4,079,963 1990 10 7,778,350 9,410,000 1994 10 6,581,800 11,020,000
1986 1 6,255,100 1,996,744 1990 1 5,042,050 7,170,000 1994 1 5,654,250 17,550,000
1986 12 6,142,850 556,288 1990 12 3,523,200 2,220,000 1994 12 4,630,600 4,890,000
1987 1 4,606,250 123,778 1991 1 1,144,400 1,670,000 1995 1 2,557,150 2,960,000
1987 2 2,682,000 14,695 1991 2 340,450 970,000 1995 2 796,800 1,100,000
1987 3 692,400 1,300 1991 3 24,000 10,000 1995 3 17,600 30,000
1987 4 0 14,556 1991 4 0 70,000 1995 4 0 100,000
1987 5 4,400 64,067 1991 5 5,350 30,000 1995 5 500 560,000
1987 6 37,250 1,006,731 1991 6 1,188,650 100,000 1995 6 148,950 840,000
1987 7 4,134,500 594,953 1991 7 8,773,700 340,000 1995 7 4,356,600 780,000
1987 8 7,920,600 393,048 1991 8 10,221,850 330,000 1995 8 7,634,500 580,000
1987 9 9,672,350 336,919 1991 9 9,041,800 2,410,000 1995 9 7,173,000 1,200,000
1987 10 8,498,100 162,589 1991 10 8,738,150 14,620,000 1995 10 6,931,300 18,580,000
1987 11 8,172,300 590,952 1991 11 6,847,200 8,270,000 1995 11 5,320,450 11,630,000
1987 12 7,188,400 674,968 1991 12 6,163,900 8,770,000 1995 12 3,266,850
1988 1 5,738,000 294,525 1992 1 3,584,900 2,360,000 1996 1 1,654,700
1988 2 3,712,650 13,825 1992 2 748,050 950,000 1996 2 548,100
1988 3 1,400,800 0 1992 3 187,200 200,000 1996 3 151,400
1988 4 4,600 28,187 1992 4 0 140,000 1996 4
1988 5 0 22,712 1992 5 1,450 150,000 1996 5
1988 6 240,650 12,366 1992 6 255,400 260,000 1996 6
1988 7 6,001,600 229,791 1992 7 6,396,800 720,000 1996 7
1988 8 10,321,150 658,239 1992 8 6,724,850 740,000 1996 8
1988 9 9,879,650 2,722,730 1992 9 184,850 13,120,000 1996 9
1988 10 9,121,700 2,937,412 1992 10 200,900 16,200,000 1996 10

Source: Florida data are from various annual reports of the Florida Avocado Administrative Committee. Import

data are from the U.S. Department of Commerce (viathe USDA).

88




Appendix Table9. M acr oeconomic Data Used in the Monthly Demand Analysis,
California Avocado Crop Years 1985-88.

US Disposable us CPI Price Indexes for Goods
Personal Income Population (1982-84=100) Possibly Related to Avocados
Year Mo. (billions of dollars) (thousands) Quarterly Monthly Lettuce Tomatoes Vegetabless1 Vegetables-2
1984 11 2,832.5 237,230 105.3 105.3 114.5 95.3 99.3 78.8
1984 12 2,832.5 237,230 105.3 105.3 90.2 90.2 96.1 73.5
1985 1 2,916.2 237,673 106.0 105.5 126.0 92.4 105.8 91.3
1985 2 2,916.2 237,673 106.0 106.0 111.0 109.7 112.9 110.3
1985 3 2,916.2 237,673 106.0 106.4 100.2 125.2 111.5 117.4]
1985 4 3,002.7 238,176 107.3 106.9 86.1 159.2 111.1 109.3
1985 5 3,002.7 238,176 107.3 107.3 96.5 90.4 102.5 88.3
1985 6 3,002.7 238,176 107.3 107.6 79.4 85.0 100.9 88.5
1985 7 3,013.8 238,789 108.0 107.8 97.2 90.2 103.7 124.8
1985 8 3,013.8 238,789 108.0 108.0 109.2 85.2 98.3 103.5
1985 9 3,013.8 238,789 108.0 108.3 113.8 83.1 93.5 92.1
1985 10 3,074.9 239,387 109.0 108.7 108.1 90.8 93.9 86.8
1985 11 3,074.9 239,387 109.0 109.0 103.2 107.5 97.8 84.4
1985 12 3,074.9 239,387 109.0 109.3 143.0 124.9 110.3 107.4]
1986 1 3,139.5 239,861 109.2 109.6 145.1 144.9 118.1 107.2
1986 2 3,139.5 239,861 109.2 109.3 99.2 104.3 101.4 82.7
1986 3 3,139.5 239,861 109.2 108.8 101.3 104.4 100.8 92.6
1986 4 3,170.7 240,368 109.0 108.6 128.3 108.5 108.8 116.5
1986 5 3,170.7 240,368 109.0 108.9 135.4 117.0 112.1 116.3
1986 6 3,170.7 240,368 109.0 109.5 106.8 108.3 106.4 91.0
1986 7 3,210.8 240,962 109.8 109.5 96.4 99.7 106.0 93.4
1986 8 3,210.8 240,962 109.8 109.7 98.3 94.9 105.0 90.1
1986 9 3,210.8 240,962 109.8 110.2 110.5 93.1 104.7 98.6
1986 10 3,229.1 241,539 110.4 110.3 108.2 111.8 107.2 99.5
1986 11 3,229.1 241,539 110.4 110.4 107.1 122.8 110.5 104.3
1986 12 3,229.1 241,539 110.4 110.5 115.1 126.2 111.7 100.4]
1987 1 3,299.8 242,009 111.6 111.2 121.3 111.9 116.2 85.2
1987 2 3,299.8 242,009 111.6 111.6 117.7 113.4 123.2 91.9
1987 3 3,299.8 242,009 111.6 112.1 120.4 109.1 118.9 103.9
1987 4 3,298.5 242,520 113.1 112.7 121.0 119.1 123.7 102.2
1987 5 3,298.5 242,520 113.1 113.1 99.7 114.6 123.6 94.4
1987 6 3,298.5 242,520 113.1 113.5 101.3 125.6 129.2 96.4
1987 7 3,382.3 243,120 114.4 113.8 115.5 116.6 121.0 101.9
1987 8 3,382.3 243,120 114.4 114.4 139.3 97.3 114.5 77.1
1987 9 3,382.3 243,120 114.4 115.0 142.5 103.7 114.6 98.2
1987 10 3,471.8 243,721 115.4 115.3 127.7 112.5 112.5 89.6
1987 11 3,471.8 243,721 115.4 115.4 158.1 138.2 121.2 135.4]
1987 12 3,471.8 243,721 115.4 115.4 272.7 139.3 140.2 112.0
1988 1 3,549.6 244,208 116.1 115.7 277.6 123.2 143.9 135.9
1988 2 3,549.6 244,208 116.1 116.0 208.0 120.1 133.7 96.8
1988 3 3,549.6 244,208 116.1 116.5 150.0 108.9 125.6 95.8
1988 4 3,600.5 244,716 117.5 117.1 113.0 129.2 127.5 98.5)
1988 5 3,600.5 244,716 117.5 117.5 118.5 123.5 124.5 88.5
1988 6 3,600.5 244,716 117.5 118.0 113.5 113.3 121.8 86.6
1988 7 3,674.9 245,354 119.1 118.5 113.8 123.4 127.0 96.9
1988 8 3,674.9 245,354 119.1 119.0 118.7 123.4 125.9 94.3
1988 9 3,674.9 245,354 119.1 119.8 134.2 129.8 132.1 110.4]
1988 10 3,738.4 245,966 120.3 120.2 135.1 128.7 129.4 101.0

Notes: Income and population are reported on a quarterly basis, income at a seasonally adjusted annual rate.
CPl isthe US Consumer Price Index for all goods and all urban consumers. The Lettuce, Tomatoes, and
Vegetables-1 variables are consumer price indexes with 1982-84=100; the V egetables-2 variable is a producer
priceindex with 1982=100. Vegetables-1 includes potatoes, V egetables-2 does not.

Sources: Income and Popul ation data are from the Bureau of Economic Analysis. All price indexes are from
the Bureau of Labor Statistics.
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Appendix Table 9 (Continued).

US Disposable us Price Indexes for Goods
Personal Income Population (1982-84=100) Possibly Related to Avocados
Year Mo. (billions of dollars) (thousands) Quarterly Monthly Lettuce Tomatoes Vegetabless1 Vegetables-2
1988 11 3,738.4 245,966 120.3 120.3 126.8 129.2 126.7 103.8
1988 12 3,738.4 245,966 120.3 120.5 174.3 124.3 133.0 96.7
1989 1 3,828.3 246,460 121.7 121.1 179.7 121.7 141.4 93.4
1989 2 3,828.3 246,460 121.7 121.6 167.2 153.3 144.4 119.9
1989 3 3,828.3 246,460 121.7 122.3 150.7 132.1 140.2 111.0]
1989 4 3,867.1 247,017 123.7 123.1 134.2 145.6 144.1 107.1
1989 5 3,867.1 247,017 123.7 123.8 128.1 189.0 153.2 140.4
1989 6 3,867.1 247,017 123.7 124.1 149.1 131.6 150.8 117.0
1989 7 3,912.1 247,698 124.7 124.4 145.5 124.9 150.8 110.5
1989 8 3,912.1 247,698 124.7 124.6 146.5 119.3 145.1 96.3
1989 9 3,912.1 247,698 124.7 125.0 152.6 115.7 133.9 81.5
1989 10 3,970.3 248,374 125.9 125.6 160.4 126.2 134.8 101.0
1989 11 3,970.3 248,374 125.9 125.9 167.9 134.9 141.9 80.0
1989 12 3,970.3 248,374 125.9 126.1 135.8 140.3 136.5 88.4
1990 1 4,074.7 248,928 128.0 127.4 152.9 246.3 176.9 164.0
1990 2 4,074.7 248,928 128.0 128.0 134.2 321.8 186.3 203.2
1990 3 4,074.7 248,928 128.0 128.7 130.2 248.4 168.3 136.6
1990 4 4,143.3 249,564 129.3 128.9 137.1 117.6 145.6 74.8
1990 5 4,143.3 249,564 129.3 129.2 134.3 108.5 139.8 78.0
1990 6 4,143.3 249,564 129.3 129.9 120.2 126.1 140.0 83.7
1990 7 4,207.5 250,299 131.6 130.4 140.8 122.7 143.8 93.3
1990 8 4,207.5 250,299 131.6 131.6 142.4 122.0 139.8 79.0
1990 9 4,207.5 250,299 131.6 132.7 172.3 121.9 137.3 79.4
1990 10 4,241.4 251,031 133.7 133.5 192.8 133.2 142.2 96.2
1990 11 4,241.4 251,031 133.7 133.8 194.7 131.8 149.5 117.7
1990 12 4,241.4 251,031 133.7 133.8 152.0 129.5 144.0 87.2
1991 1 4,263.2 251,650 134.8 134.6 189.3 141.1 159.9 89.3
1991 2 4,263.2 251,650 134.8 134.8 160.9 131.6 152.5 87.3
1991 3 4,263.2 251,650 134.8 135.0 139.9 146.0 151.1 88.4
1991 4 4,329.6 252,295 135.6 135.2 154.0 181.3 169.2 112.8
1991 5 4,329.6 252,295 135.6 135.6 168.4 209.3 167.3 157.0
1991 6 4,329.6 252,295 135.6 136.0 180.8 243.2 180.5 138.0
1991 7 4,365.6 253,033 136.7 136.2 138.8 179.4 157.7 102.0|
1991 8 4,365.6 253,033 136.7 136.6 133.8 120.4 142.2 82.6
1991 9 4,365.6 253,033 136.7 137.2 140.1 119.0 137.6 81.8
1991 10 4,416.4 253,743 137.7 137.4 139.7 113.5 134.0 73.5]
1991 11 4,416.4 253,743 137.7 137.8 201.8 127.9 149.6 113.1
1991 12 4,416.4 253,743 137.7 137.9 170.1 124.5 150.7 76.1
1992 1 4,515.3 254,338 138.7 138.1 149.6 148.8 152.7 117.2
1992 2 4,515.3 254,338 138.7 138.6 132.6 213.0 163.5 154.7
1992 3 4,515.3 254,338 138.7 139.3 141.1 261.6 172.7 147.9
1992 4 4,585.2 255,032 139.8 139.5 148.0 251.1 175.4 99.7
1992 5 4,585.2 255,032 139.8 139.7 149.6 133.0 149.6 89.9
1992 6 4,585.2 255,032 139.8 140.2 136.9 120.9 146.9 81.3
1992 7 4,613.9 255,815 140.9 140.5 135.3 126.6 148.1 85.5)
1992 8 4,613.9 255,815 140.9 140.9 167.0 130.1 153.8 114.8
1992 9 4,613.9 255,815 140.9 141.3 192.5 125.5 152.8 114.8
1992 10 4,740.4 256,543 141.9 141.8 176.8 161.0 155.2 149.0

Notes: Income and population are reported on a quarterly basis, income at a seasonally adjusted annual rate.
CPl isthe US Consumer Price Index for all goods and all urban consumers. The Lettuce, Tomatoes, and
Vegetables-1 variables are consumer price indexes with 1982-84=100; the V egetables-2 variable is a producer
priceindex with 1982=100. Vegetables-1 includes potatoes, V egetables-2 does not.

Sources: Income and Popul ation data are from the Bureau of Economic Analysis. All price indexes are from

the Bureau of Labor Statistics.
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Appendix Table 9 (Continued).

US Disposable us Price Indexes for Goods
Personal Income Population (1982-84=100) Possibly Related to Avocados

Year Mo. (billions of dollars) (thousands) Quarterly Monthly Lettuce Tomatoes Vegetabless1 Vegetables-2
1992 11 4,740.4 256,543 141.9 142.0 156.2 196.1 158.4 108.2
1992 12 4,740.4 256,543 141.9 141.9 183.0 193.4 166.1 133.4
1993 1 4,686.1 257,155 143.1 142.6 181.6 182.7 172.4 128.8
1993 2 4,686.1 257,155 143.1 143.1 187.3 170.9 171.1 125.8
1993 3 4,686.1 257,155 143.1 143.6 222.5 139.6 173.7 117.4
1993 4 4,771.6 257,787 144.2 144.0 213.1 159.2 179.3 178.5
1993 5 4,771.6 257,787 144.2 144.2 195.5 235.9 189.6 164.3
1993 6 4,771.6 257,787 144.2 144.4 142.2 193.2 167.1 80.7
1993 7 4,804.2 258,501 144.8 144.4 164.5 131.1 155.8 98.4
1993 8 4,804.2 258,501 144.8 144.8 173.8 134.2 156.1 110.5
1993 9 4,804.2 258,501 144.8 145.1 172.2 164.8 157.4 117.0
1993 10 4,895.4 259,192 145.8 145.7 168.1 147.7 157.7 89.5
1993 11 4,895.4 259,192 145.8 145.8 165.3 159.6 166.1 141.1
1993 12 4,895.4 259,192 145.8 145.8 152.1 197.2 174.9 167.0|
1994 1 4,856.8 259,738 146.7 146.2 146.3 238.5 181.7 146.3
1994 2 4,856.8 259,738 146.7 146.7 146.5 175.1 168.1 99.3
1994 3 4,856.8 259,738 146.7 147.2 158.8 148.5 167.0 96.1
1994 4 5,002.2 260,327 147.6 147.4 144.9 150.7 163.9 91.4
1994 5 5,002.2 260,327 147.6 147.5 143.3 152.7 162.8 91.2
1994 6 5,002.2 260,327 147.6 148.0 147.6 170.0 168.7 94.9
1994 7 5,070.5 261,004 148.9 148.4 156.2 162.1 170.2 104.8
1994 8 5,070.5 261,004 148.9 149.0 157.3 159.2 163.7 95.7
1994 9 5,070.5 261,004 148.9 149.4 178.7 154.6 163.5 107.1
1994 10 5,145.7 261,653 149.6 149.5 178.8 158.1 167.0 113.8
1994 11 5,145.7 261,653 149.6 149.7 212.3 178.5 178.4 128.1
1994 12 5,145.7 261,653 149.6 149.7 273.4 233.6 212.7 244.7
1995 1 5,225.5 262,181 150.9 150.3 257.2 217.1 209.4 163.5
1995 2 5,225.5 262,181 150.9 150.9 176.1 217.2 198.6 149.2
1995 3 5,225.5 262,181 150.9 151.4 178.1 175.0 193.8 159.2
1995 4 5,260.5 262,748 152.2 151.9 379.6 202.3 220.4 199.1
1995 5 5,260.5 262,748 152.2 152.2 342.2 159.0 203.5 167.2
1995 6 5,260.5 262,748 152.2 152.5 209.5 178.2 194.9 127.2
1995 7 5,337.3 263,399 152.9 152.5 167.9 200.7 188.7 107.3
1995 8 5,337.3 263,399 152.9 152.9 177.5 150.9 175.4 94.8
1995 9 5,337.3 263,399 152.9 153.2 222.0 157.2 181.7 152.9
1995 10 5,406.6 264,032 153.6 153.7 193.1 175.7 182.0 116.0|
1995 11 5,406.6 264,032 153.6 153.6 178.5 183.5 180.3 115.8
1995 12 5,406.6 264,032 153.6 153.5 172.2 242.6 188.4 125.5
1996 1 5,479.0 264,557 155.0 154.4 201.6 178.1 193.8 133.9
1996 2 5,479.0 264,557 155.0 154.9 165.6 178.0 188.4 119.4
1996 3 5,479.0 264,557 155.0 155.7 208.8 237.4 206.0 202.5
1996 4 156.5 156.3 189.3 292.3 209.2 155.6
1996 5 156.5 156.6 176.3 227.5 190.0 108.2
1996 6 156.5 156.7 183.4 190.3 188.0 96.6
1996 7

1996 8

1996 9

1996 10

Notes: Income and population are reported on a quarterly basis, income at a seasonally adjusted annual rate.
CPl isthe US Consumer Price Index for all goods and all urban consumers. The Lettuce, Tomatoes, and
Vegetables-1 variables are consumer price indexes with 1982-84=100; the V egetables-2 variable is a producer
priceindex with 1982=100. Vegetables-1 includes potatoes, V egetables-2 does not.

Sources: Income and Popul ation data are from the Bureau of Economic Analysis. All price indexes are from

the Bureau of Labor Statistics.
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Appendix Table10. Bearing Acreage of California Avocados:
Actual and Simulated With and Without
Advertising, 1961-62 through 1994-95.

Year Actual Estimated Bearing Acreage
Bearing Acreage With Advertising ~ Without Advertising

1962 21,194 21,194 21,194
1963 21,921 21,082 21,082
1964 21,574 20,702 20,698
1965 18,810 20,065 20,048
1966 18,620 19,228 19,196
1967 18,730 18,748 18,701
1968 19,220 18,145 18,063
1969 18,040 17,588 17,448
1970 18,380 17,731 17,486
1971 19,039 17,650 17,280
1972 19,611 18,425 17,852
1973 20,741 19,763 18,934
1974 20,715 22,194 21,037
1975 24,882 25,225 23,725
1976 29,041 30,384 28,530
1977 33,866 35,567 33,355
1978 39,802 41,458 38,801
1979 44,369 47,097 44,027
1980 47,831 53,091 49,609
1981 64,798 68,827 65,056
1982 69,448 72,950 68,929
1983 72,296 74,509 70,295
1984 72,861 75,779 71,446
1985 74,131 76,289 71,819
1986 74,812 76,158 71,635
1987 76,307 75,536 71,012
1988 75,062 74,918 70,389
1989 73,368 72,969 68,471
1990 71,007 71,508 67,140
1991 69,582 68,466 64,094
1992 68,159 67,172 62,634
1993 66,865 64,962 60,357
1994 61,254 62,526 57,914
1995 59,577 59,764 55,196
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Appendix Table 11a.

Avocado Advertising, 1961-62 to 1994-95.

Estimated Annual Short-Run Benefit/Cost Ratios From

Short-Run Impacts of Advertising

Year Estimated Estimated TR Increase CAC TRincrease CACAdv Benefit/
TRwith TR with no From Advertising 1994-95 1994-95 Cost
Advertising Advertising Advertising dollars dollars Ratio
(million$)  (million$)  (million$)  (million$)  (million$)  (million $)

1962 10.89 10.75 0.15 0.18 0.74 0.91 0.81
1963 10.63 10.27 0.36 0.44 1.77 2.18 0.81
1964 12.28 11.81 0.47 0.51 2.32 2.49 0.93
1965 9.09 8.84 0.24 0.32 1.18 1.55 0.76
1966 17.88 16.84 1.04 0.79 4.89 3.70 132
1967 20.86 19.70 1.16 0.78 5.30 3.56 1.49
1968 18.34 17.47 0.87 0.58 3.81 2.52 151
1969 22.65 21.28 1.36 0.79 5.65 3.29 172
1970 21.61 20.19 1.43 0.76 5.60 2.99 1.88
1971 30.94 28.07 2.87 121 10.80 4.56 2.37
1972 24.35 21.81 2.54 1.10 9.28 4,02 231
1973 45,91 40.65 5.26 1.29 18.06 4.42 4,09
1974 51.53 44.66 6.87 155 21.24 4,78 4.44
1975 63.14 53.70 9.44 2.15 26.74 6.10 4.39
1976 75.29 63.22 12.07 2.15 32.33 5.76 5.61
1977 90.52 71.60 18.92 4.14 47.58 10.40 4.58
1978 117.95 94.93 23.02 3.60 53.80 8.41 6.40
1979 125.97 100.94 25.03 4.12 52.54 8.66 6.07
1980 136.59 114.32 22.28 2.72 41.21 5.02 8.21
1981 109.89 89.01 20.88 6.42 35.01 10.77 3.25
1982 130.17 111.06 19.12 3.19 30.19 5.04 5.99
1983 113.74 92.65 21.09 5.42 32.27 8.29 3.89
1984 105.33 89.24 16.10 3.47 23.61 5.09 4.64
1985 146.00 120.57 25.43 4.06 36.01 5.75 6.26
1986 197.36 156.56 40.80 5.18 56.73 7.21 7.87
1987 133.75 103.94 29.80 7.58 39.98 10.17 3.93
1988 232.39 190.42 41.97 3.36 54.06 433 12.48
1989 292.56 220.77 71.79 7.11 88.23 8.74 10.10
1990 311.27 235.68 75.59 6.33 88.14 7.38 11.95
1991 285.71 213.37 72.34 7.35 80.94 8.23 9.84
1992 224.14 164.63 59.51 8.63 64.64 9.37 6.90
1993 170.51 130.37 40.14 6.82 42.33 7.19 5.89
1994 299.58 226.27 73.31 5.10 75.39 5.25 14.37
1995 290.45 211.69 78.76 6.82 78.76 6.82 11.56
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Appendix Table 11b.

Advertising, 1961-62 to 1994-95.

Estimated L ong-Run Benefit/Cost Ratios From Avocado

Long-run Impacts of Advertising

Year Estimated Estimated TR Increase CAC TRincrease CACAdv Benefit/
TRwith TR with no From Advertising 1994-95 1994-95 Cost
Advertising Advertising Advertising dollars dollars Ratio
(million$)  (million$)  (million$)  (million$)  (million$)  (million $)

1962 10.78 10.64 0.15 0.18 0.73 0.91 0.80
1963 10.66 10.30 0.36 0.44 1.78 2.18 0.81
1964 12.72 12.22 0.49 0.51 241 2.49 0.97
1965 9.30 9.06 0.25 0.32 1.21 1.55 0.78
1966 17.60 16.60 1.00 0.79 4.70 3.70 127
1967 20.75 19.65 111 0.78 5.06 3.56 142
1968 18.66 17.81 0.85 0.58 371 2.52 147
1969 24.26 22,92 134 0.79 5.57 3.29 1.69
1970 21.84 20.53 131 0.76 5.15 2.99 172
1971 32.27 29.78 2.49 121 9.38 4.56 2.05
1972 24.88 22.55 2.33 1.10 8.49 4,02 211
1973 46.04 42.48 3.56 1.29 12.23 4.42 2,77
1974 47.28 42,94 4.35 155 13.43 4,78 2.81
1975 50.09 46.78 3.30 2.15 9.36 6.10 154
1976 61.56 55.43 6.13 2.15 16.42 5.76 2.85
1977 55.46 49.99 5.47 4.14 13.75 10.40 132
1978 70.69 64.87 5.81 3.60 13.59 8.41 1.62
1979 76.75 70.95 5.81 4.12 12.19 8.66 141
1980 99.95 92.79 7.16 2.72 13.24 5.02 2.64
1981 40.40 39.43 0.97 6.42 1.62 10.77 0.15
1982 88.32 86.15 2.16 3.19 342 5.04 0.68
1983 89.31 84.63 4.68 5.42 7.16 8.29 0.86
1984 86.10 86.46 -0.36 3.47 -0.53 5.09 -0.10
1985 118.31 115.41 291 4.06 4.12 5.75 0.72
1986 162.99 151.65 11.34 5.18 15.77 7.21 2.19
1987 109.10 103.89 521 7.58 6.99 10.17 0.69
1988 196.59 192.77 3.82 3.36 4.92 433 1.13
1989 247.17 223.14 24.02 7.11 29.53 8.74 3.38
1990 254.74 224.60 30.13 6.33 35.14 7.38 4.76
1991 235.73 210.06 25.67 7.35 28.73 8.23 3.49
1992 183.81 163.68 20.13 8.63 21.87 9.37 2.33
1993 146.31 144.76 155 6.82 1.63 7.19 0.23
1994 251.50 235.14 16.35 5.10 16.82 5.25 3.20
1995 228.36 211.42 16.95 6.82 16.95 6.82 2.49
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Appendix Table 11c. Estimated L ong-Run Benefit/Cost Ratios From Avocado
Advertising For The Producers Share of Costs, 1961-62 to

1994-95.
Long-run Impacts of Advertising
Crop TR Increase CAC Adv Producers Benefit/
Year From Adv Costs Share of Costs Cost
Ending Ratio
1994-95 base 1994-95 base 1994-95 base
(million $) (million $) (million $)

1962 0.7329 0.9129 0.9129 0.80
1963 1.7769 2.1848 2.1848 0.81
1964 24141 2.4892 2.4892 0.97
1965 1.2081 1.5525 1.5525 0.78
1966 4.6989 3.6952 3.6952 1.27
1967 5.0589 3.5637 3.5637 142
1968 3.7120 2.5199 2.5502 1.46
1969 5.5716 3.2876 3.3753 1.65
1970 5.1487 2.9861 3.3622 153
1971 9.3763 4.5649 4.8225 1.94
1972 8.4901 4.0169 5.2581 161
1973 12.2311 4.4189 4.5892 2.67
1974 13.4347 4.7809 5.6285 2.39
1975 9.3594 6.0961 3.7529 2.49
1976 16.4241 5.7620 5.8632 2.80
1977 13.7537 10.3991 6.7154 2.05
1978 13.5874 8.4052 4.5256 3.00
1979 12.1912 8.6551 4.4918 271
1980 13.2441 5.0219 3.8131 3.47
1981 1.6197 10.7710 8.2321 0.20
1982 3.4167 5.0414 24797 1.38
1983 7.1584 8.2908 5.3306 1.34
1984 -0.5275 5.0941 1.9655 -0.27
1985 4.1161 5.7528 2.4705 1.67
1986 15.7686 7.2072 3.9103 4.03
1987 6.9890 10.1685 6.3259 1.10
1988 4,9164 4.3332 0.2258 21.77
1989 29.5267 8.7354 4.1010 7.20
1990 35.1371 7.3753 5.9987 5.86
1991 28.7269 8.2259 5.9336 4.84
1992 21.8671 9.3726 7.5513 2.90
1993 1.6310 7.1887 3.8668 0.42
1994 16.8167 5.2479 3.5628 4.72
1995 16.9453 6.8152 4.6479 3.65
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Appendix Table 11d. Projected Long-Run Benefit/Cost Ratios From Avocado
Advertising, Producers Pay All Costs and Producers Share
Costs, 1995-96 to 2014-15.

Projected Long-run Impacts of Advertising
Crop Total Crop Revenue Increasd Total Producers Benefit/Cost Ratios
Year Ending] With Adv Without Adv] Rev from  Adv Cost Shareof Adv| Producers  Producers
Adv Costs pay all costs share costs
(million$) (million$) (million$) (million$) (million $)

1996 217.01 206.92 10.09 447 172 2.26 5.86
1997 221.67 212.09 9.58 447 1.86 2.14 5.16
1998 228.72 219.51 9.21 4.47 1.83 2.06 5.02
1999 237.86 228.55 9.32 4.47 174 2.08 5.35
2000 247.32 237.61 9.71 4.47 1.67 2.17 5.83
2001 256.86 246.56 10.30 4.47 1.60 2.30 6.45
2002 265.93 254.79 11.13 447 1.65 2.49 6.75
2003 273.76 261.94 11.82 447 177 2.64 6.66
2004 282.61 269.85 12.76 4.47 191 2.85 6.69
2005 292.37 278.40 13.97 4.47 2.07 3.12 6.74
2006 302.42 287.15 15.28 4.47 2.24 3.42 6.82
2007 312.53 295.93 16.60 4.47 241 3.71 6.88
2008 322.63 304.74 17.89 447 2.59 4.00 6.90
2009 332.85 313.76 19.09 447 2.76 4.27 6.91]
2010 343.30 323.13 20.17 4.47 291 451 6.92
2011 354.04 332.94 21.11 4.47 3.03 4.72 6.96
2012 365.11 343.24 21.87 4.47 311 4.89 7.04
2013 376.45 354.01 22.44 4.47 314 5.02 7.14
2014 388.08 365.28 22.81 4.47 3.13 5.10 7.28
2015 400.05 377.08 22.97 447 3.08 5.14 7.45
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