Almond advertising yields
net benefits to growers
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This study evaluates the economic impacts of advertising and
promotion expenditures funded
under the almond marketing order. Over the crop years 1962.63
through 1997/98, the correlation of
industry promotion and demand
was positive and statistically significant. Almond advertising has
yielded marginal benefits between
$3 and $10 per dollar spent. The
1994/95 through 1996/97 suspension of the promotion program reduced grower profits in the range
of $88 million to $231 million during the suspension period.

T

he Almond Board of California
was established in 1950 by a federa1 marketing order. The almond order provides the industry with various
tools to influence the demand and
supply of almonds with the goal of increasing grower returns. Among its
provisions, the order authorizes the industry to undertake advertising and
promotion. Funds for this purpose are
collected through an assessment on almond handlers. The exact provisions
of the industry's advertising and promotion program have varied over
20

Each dollar spent for almond advertising
generates between $3 and $10 of profits
for almond growers. Profits fell during the
3-year suspension of the almond promotion program.

time, but the order allows, and programs have generally included a provision for, handlers to receive full or
partial credit on their assessment for
advertising their own products. The
industry has also conducted a generic
advertising program. The entire advertising program was suspended for
crop years 1994/95 through 1996/97
because of litigation.
This study evaluates the economic
impacts of advertising and promotion
expenditures funded under the almond marketing order and estimates
the cost to the industry of suspending
its program for the indicated years.
Has the advertising program been effective in increasing demand for almonds in the United States, and, if this
effect on demand is affirmed, have the
expenditures been cost effective in the
sense of yielding benefits to growers
in excess of the costs borne by them?

U.S. almond consumption
Our study focused on the U.S. market for almonds, where most almond
promotion expenditures have been directed. However, because about twothirds of each year's crop is currently
exported, our simulation model takes
account of the export market in deter-
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mining price impacts due to almond
promotion. Based on previous studies
of the industry conducted by Bushnell
and King (1986) and Alston et al.
(1995), we specified per-capita quantities of almonds consumed annually in
the United States (Q,) as a function of
the real (deflated) farm price of almonds ( P J , real consumer income
(measured by the per-capita expenditure on all goods, R E X P , ) and the real
annual expenditure on almond promotion (RPROMO,).
We expect the own-price effect to
be negative and the income effect to be
positive. In other words, an increase in
the price of almonds should cause a
decrease in almond consumption,
while an increase in total money income should lead to an increase in almond consumption. Successful promotions will increase demand, but
unsuccessful promotions will have
little or no effect on demand.
Given this general specification of
U.S. almond demand, the next step
was to choose specific functional
forms for demand. We limited our
consideration to the linear form used
by Bushnell and King (1986) and the
double-log form used by Alston et al.
(1995). The addition of the promotion

variable created statistical problems
for the double-log model that were not
encountered by Alston et al. (1995),
whose work did not incorporate this
variable. These problems led us to reject the double-log model in favor of a
model that is linear in all the variables,
except for the promotion variable,
which is entered in square-root form.
The square-root specification imposes
diminishing marginal re’turns to promotion, meaning that each successive
dollar spent yields a smaller incremental benefit than its predecessor. Diminishing marginal returns are necessary
or, in principle, it would be optimal to
spend an infinite amount on promotion. Here is a mathematical statement
of the linear demand model:
Q!=

b,, + bI;*RPI + b,,,*REXP,

+ b,., ,~fR/-”OMO,)’/?~~M~~~~~’~ + I * ,

The b coefficients are parameters to
be estimated statistically. The term e,
represents residual changes in percapita consumption that are not accounted for by changes in the explanatory variables. Because it can be
thought of as the error in predicting Q,
using only the indicated variables, c, is
sometimes referred to as the ”error”
term.
Data for the model consisted of 36
annual observations for crop years
1962/63 through 1997/98. Our measure of promotion expenditures consisted of the sum of the amounts spent

on advertising by the Almond
Board of California (ABC) and
Blue Diamond Growers (BDG),
the leading marketer and dominant advertiser of almonds in
the industry. For most of the
time period we studied, almond
handlers like 6DG were allowed to satisfy at least a portion of their promotional assessment by advertising their own
products. .Therefore promotion
funded under the auspices of
the almond order appropriately
includes the amount of assessments credited to BDG and
other handlers for the purposes of advertising their own
products.
Because our interest lies
naturally in the more recent history of the almond industry, we
also estimated the model using
the 18 most recent observations available: 1980/81 through 1997/98. It is reassuring if the results based on a
shorter time series of more recent data
comport with results from analysis
based on the full time series. We estimated the model over both the full
and the shorter time period using the
ordinary least squares methodology
(see box below for results).
The numbers in parentheses below
each estimated coefficient are f statistics. A f statistic measures the degree

Fig. 1. U.S. per-capita annual almond consumption - actual versus fitted values,

I 962163-1997198.

Advertisements like this stimulate demand
for almonds.

of accuracy of the estimate of its associated coefficient. Generally t statistics
of 2.0 or more are considered to denote a statistically significant estimate.
The effects of price, income and promotion are all significant based on f
statistics of 2.0 or more.
The model estimated for the full
sample period explained about 85% of
variation in Q,from 1962/63 through
1997/98. The explanatory power of the
model estimated over the shorter data
set was only 58%, reflecting the greater
volatility of the almond industry in recent years. Actual U.S. per capita almond consumption was relatively
close to consumption predicted by the
model for the 1962/63 through 1997/98
crop years (fig. 1).We also performed
several diagnostic tests to check for
various statistical problems with the
estimated models. Both models passed
all diagnostic tests.
The price elasticity of demand
evaluated at the means of the full
sample was estimated to be approximately -0.7. This elasticity implies that
a 1%increase in the price of almonds
results in a 0.7% decrease in almond
consumption. However, the price elasticity of demand evaluated at the data
means for the shorter time series is
considerably lower, about -0.35. The
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difference in elasticity estimates is due
to the much larger average consumption for the 1980/81 through 1997/98
period. The greater production and
consumption in more recent years has
apparently moved the almond industry down along a fairly stable linear
demand curve into the more inelastic
ranges of the curve.
The promotion elasticities are similar for the two models, about 0.13 for
the full sample, indicating that a 10%
increase in annual promotion expenditures results (on average) in a 1.3% increase in almond consumption, and
0.15 for the short sample. The elasticities with respect to income are about
0.7 in either instance. Both are in the
range of what is considered a "normal" good, in that consumption increases with an increase in income, but
the increase is less than proportional.
On balance we find that results from
the shorter time series compare favorably with results from the full time series, further affirming our belief in the
credibility of the estimated model.

Simulation model
Next the estimated model of U.S.
demand was used to measure the
gross and net benefits to the California
almond industry from its expenditures
on promotion. The demand models
provide estimates of how quantities of
almonds sold increase in response to a
given increase in promotional expenditures, holding prices and other variables constant. However, price cannot
be assumed to remain constant. Indeed, the increase in price following a
promotion-induced shift in demand is
an important source of the benefits
from almond advertising. To properly
evaluate the effects of almond promotion, we must combine the estimated
demand model with a model of the
supply of almonds to the U.S. market.
Figure 2 illustrates the conceptual
supply and demand relationships for a
typical year t. The curve labeled S, represents the residual supply curve for
almonds to the domestic (U.S.) market.
It shows the quantities available to domestic consumers at various prices. At
higher prices, more almonds are available domestically; at lower prices,
larger quantities of almonds are di22

verted to other uses, such as to the export market, or they may be left unharvested or stored across crop years.
The curve labeled D , represents the
farm-level demand curve - at higher
prices, consumers purchase a smaller
quantity of almonds than at lower
prices, holding promotion expenditures and other factors constant. The
market equilibrium occurs at point E .
The market price adjusts until the
quantity demanded and the quantity
supplied are equated at price P,.
The effect of an increase in successful promotion is illustrated by the outward shift in the demand curve to D,.
The econometric model allows us to
estimate the horizontal distance of the
demand shift in the U.S. market, identified by A in the diagram. In the
model estimated for the full sample,
for example, the estimated coefficient
on (RPROM0,)'12 is 0.051. Suppose
that the actual annual promotion expenditure is $1 million (in 1998 dollars). This means that a $100,000 (that
is, 10%) increase in total promotional
expenditures would be expected to
lead to an increase in U.S. per-capita
almond consumption of 0.051*(1.11/21.O1I2) = 0.0025 pounds per year, if
there is no change in price.
Multiplying this amount by the
population (267.9 million in 1997/98)
yields the total horizontal demand
shift in the United States from a 10%
increase in promotional expenditures
- about a 0.5% increase in average
consumption, at constant prices.
However, this is greater than the
actual increase in consumption that
would result for two reasons. First, an
increase in price is needed to bring
forth the additional quantities to satisfy the increased demand, as the residual supply curve, S,, indicates. Second, an increase in assessments is
needed to pay for the additional promotion expenditures. This cost has the
effect of shifting farm-level demand
down by the amount of the additional
per-unit assessment - the curve D, in
figure 2. The new equilibrium is represented by the point E', where D, intersects s,.Price and quantity both increase to P,' and Q,'.
To generate a model of the supply
of almonds to the U.S. market, we be-
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gin by noting that newly planted almond trees do not bear nuts for the
first 3 to 4 years. Harvest is therefore
determined primarily by yield, which
is a function of weather conditions and
is largely unaffected by the current
year's price. In other words, in the
short run (a time window of about 4
years for almonds), price has essentially no effect on total supply. We
chose to examine the promotion program over a recent 4-year period so
that we could treat bearing acreage as
fixed and total harvest as unaffected
by the current market price.
The increase in producer profits
due to almond promotions under this
model formulation is simply the
change in the producer price as a result of the promotion multiplied by
the amount of the harvest. Further, because supplies are fixed, producers
bear the full incidence of the increase
in the promotional expenditure. That
is, the assessment on handlers will be
shifted fully back to growers under
this market scenario.
Given our assumptions about supply, the main challenge in the simulation modeling lies in determining the
change in producer price due to promotion activities. To estimate this
change, the demand model was combined with an assumed residual supply function. This residual supply consists of total supply (assumed to be
fixed or inelastic in our model) minus
the amount that would be exported at
various prices. Given an inelastic total
supply, the elasticity, E, of the residual
supply is found by the formula E =
-qE (QE/Qus),where qEis the price
elasticity of export demand and
Qus)is the ratio of export sales to sales
in the U.S. market.
We did not estimate export demand
as part of this study, but export demands were analyzed by Alston et al.
(1995), who reported values of qEfor
Germany, France, the Netherlands,
Great Britain, Japan, Canada, Italy and
the rest of the world. The elasticity estimates range from a low of -0.43 for
Japan to a high of -1.28 for Canada.
Assuming a ratio of (QE/Qus)= 2 that is, about two-thirds of a typical
crop is exported -we obtain a lower
bound estimate on the residual supply

(aE/

elasticity of gL = - (-0.43) * 2 = 0.86
and an upper bound estimate of E~ =
- (-1.28) * 2 = 2.56. Residual supply
functions were calibrated using E ~ E~,
and an intermediate value of E = 1.5.
Using this range of values for the residual supply elasticity enabled us to
examine the extent to which our results are sensitive to choices of this parameter, where, admittedly, our
knowledge is imprecise.
By equating the equations for supply and demand and solving for market equilibrium, we obtained values of
actual prices and predicted quantities,
given the actual values for the explanatory variables R E X P , and
RPROMO,. We then simulated
counterfactual scenarios using a hypothetical, marginal increase in the
amount of promotion in each year for
1990/91 through 1993/94 of 1.10 times
the actual amount of promotion. We
also increased the assessments to pay
for that promotion by 1.10 times the
actual assessment rate, where we define the "actual" assessment rate as the
ratio of total promotional expenditure
to the total value of production. Because the program was suspended due
to litigation from 1994/95 through
1996/97, the 1990/91 through 1993/94
period represented the most recent 4
years of promotion activity that were
in some sense "normal" from the
industry's perspective. (We will elaborate on this point in the following section.) The differences between the actual and counterfactual scenarios were
then used to calculate measures of the
marginal net benefits to producers
from the joint increase in promotion
expenditures and assessments.

Benefit-cost analysis
Table 1 reports the marginal benefitcost ratios for almond promotion from
1990/91 through 1993/94 using the alternative values for the residual supply elasticity and the demand models
for both the full data set (1962/63
through 1997/98) and the shorter
time series (1980/81 through 19971
98). A real discount rate of 3% per
year was used to compound the costs
and benefits. All monetary calculations are deflated and expressed in
1998 dollars.

Although most advertising is directed to U.S. consumers, about two-thirds of
California's almond crop is exported each year.

The first column in table 1 represents our lower bound, residual supply elasticity of 0.86. In this instance,
the benefit-cost ratio for a 10% increase in promotional expenditure
based on the full sample is estimated
to be 6.88; that is, a marginal $1 expended on promotion yields a return
to growers of $6.88. Looking across the
columns, we can see the effects of the
increase in the residual supply elasticity. As the supply elasticity rises, producers receive progressively smaller
benefits from a given demand increase
because price rises less for a given demand shift. Therefore the benefit-cost
ratio falls from 6.88 to 2.87 when the
upper bound, 2.56, of the residual supply elasticity is reached. The range of
benefit-cost estimates for the demand
model estimated over the shorter time
period are greater, due to its more inelastic demand (so that promotioninduced demand shifts generate larger
increases in price).
How much confidence can we place
in the particular values of the benefitcost measures? For example, how confident can we be that the benefit-cost
ratio is actually greater than 1.0, given
a "best" estimate of, say, 3.0. To evaluate the precision of our measures of
benefits and costs, we conducted
simulations, following the approach

developed in Alston et al. (1997).
These simulations yield confidence intervals on our benefit measures, permitting us to make probability statements such as that a 95% confidence
interval for the benefit-cost ratio is
formed by the interval from a:l to b:l,
where a is a lower confidence bound
on benefits per dollar expended and b
is an upper confidence bound.
Table 2 provides the mean and
lower and upper bounds of 95% confidence intervals for producer benefitcost ratios from the simulation for
each of the residual supply elasticities.
For example, the column for a residual
supply elasticity of 1.50 in table 2
shows that, based on the demand

D,
Qi

4'

Quantity(Ib/year)
Fig. 2. Conceptual Supply and Demand
Model.
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corresponding assessment rate for
the years 1994/95 through 1996/97
in the market equilibrium model, allows us to compare estimates of
growers’ profit obtained using the
actual promotion levels and assessments with those obtained under the
counterfactual levels.
Table 3 summarizes the results
based on the demand model estimated
for the full sample. The accumulated
loss from the suspension of the promotion program is estimated to be between
$89.62 million and $234.21 million, depending on the value chosen for the
residual supply elasticity. These estimates are reduction in profit, not just
revenue, because the costs of the increased promotion are already accounted for in the model.

Promotion increases profit

model estimated over the full sample,
the mean from the simulation was 4.56
(which compares closely with the
point estimate of 4.51 in table 1)and
that a 95% confidence interval for the
producer marginal benefit-cost ratio is
given by 1.53 to 7.60.

Impacts of program suspension
Suspension of the industry’s promotion program from 1994/95
through 1996/97 provides a natural
experiment for assessing the impact of
the absence of advertising on the almond industry. BDG’s promotional
expenditures also dropped significantly during this period. The average
promotion expenditure by the indus-

try in the 3 years preceding the suspension, expressed in 1998 dollars,
was $10.5 million per year, compared
with only $3.9 million per year during
the suspension.
For the 3 years prior to the suspension period, the average effective assessment was $0.02091 per pound
(kernel weight). Using this assessment
rate with the harvests for the 1994/95
through 1996/97 period would have
resulted in the following levels of promotion: $15.3 million in 1994/95, $7.7
million in 1995/96 and $10.6 million in
1996/97. Actual promotion levels were
$5.3 million, $4.2 million and $2.2 million, respectively. Using these counterfactual estimates of promotion and the
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Our goal was to evaluate the effectiveness of almond promotions conducted under the auspices of the almond marketing order. The results of
the analysis indicate that almond promotion has been a highly effective tool
in stimulating almond demand and increasing producer profits. A best guess
is that marginal dollars expended promoting almonds have yielded a return
to producers in the range of 3:l to 1 O : l .
Of course, these rates of return are
very favorable when compared to returns available to other investments.
Given the specifications used in this
study, the average return on investments in almond promotion is necessarily higher than the marginal returns
noted in table 1.
Suppose, for example, that a 10%
rate of return on investment is normal.
Then any producer benefit-cost ratio
in excess of 1.1:1indicates a profitable
expenditure of funds at the margin. In
fact, to maximize its return from investments in almond promotion, the
industry should expand promotion efforts to the point where the marginal
expenditure on promotion just yields a
return comparable to that available on
investments elsewhere. Therefore the
evidence suggests quite strongly that
the industry has spent too little on
promotion over the time period analyzed here. Given this evidence, it is

unfortunate from the industry’s perspective that expenditures were curtailed from 1994/95 through 1996/97
due to litigation. Our analysis suggests
that suspension of the advertising program during this period cost the industry accumulated profits in the
range of $90 million to $234 million.
Although our focus is on promotion, it is worth noting that this study
has also provided some new evidence
about the price elasticity of demand
for almonds in the United States. The
estimates suggest that the elasticity is
in the range of -0.35 (shorter time series) to -0.70 (full time series). Therefore the industry is operating in the inelastic portion of its demand curve (at
least in the U.S. market), and the large
harvests anticipated now and in the
future will cause major decreases in
producer prices, unless the industry is
able to stimulate demand through promotions or other means.
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Peach trees perform similarly
despite different irrigation
scheduling methods
David A. Goldhamer u
Alfonso Moriana Elvira

Mario Salinas

There are numerous techniques
for scientifically scheduling irrigations in tree fruit orchards. These
approaches involve measuring
soil, plant or atmospheric parameters, then using this information
to determine when to irrigate and
how much water to apply. We
studied the effects of the different
irrigation scheduling methods on
peach trees in Tulare County. One
of the key aspects of irrigation
scheduling is being able to interpret the measurements so that the
resulting water management decisions produce maximum grower
profit with the minimum amount of
water. Thus the measurements
must not only be accurately taken,
but protocols for their interpretation must be reliable in terms of
achieving optimal tree performance without wasting water.
This requires a marriage of the
technology used to take the measurement and the science used
to develop the interpretation
guidelines. When this is successfully done, we found that the
method of scheduling irrigations
had no effect on the peach trees’
performance.

S

oil-based irrigation scheduling
techniques involve measuring either soil water content or a soil prop2rty related to soil water content. In
general, the objective is to irrigate in
such a way that soil water status in the
root zone of the tree remains within
the ideal range for root extraction,
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thus ensuring maximum soil water
uptake. Soil measurements are taken
using instruments placed at various
depths in the root zone, such as tensiometers, electrical resistance blocks,
neutron probes, and time and frequency domain reflectometry probes.
Major issues with soil water measurements are that they may not indicate
actual conditions at the soil-root interface and may only indirectly reflect
tree water status.
Plant-based irrigation scheduling
became more feasible in the early
1960s with the development of pressure chambers that allowed leaf water
potential to be measured. This involves placing an excised leaf in a
metal vessel with the cut end of the
petiole protruding through an air-tight
seal. Compressed gas is injected into
the vessel until xylem fluid appears at
the end of the petiole. The gas pressure at this point is considered to be
equivalent to the absolute value of the
xylem pressure potential, which is
nearly equivalent to leaf water potential. If irrigation is not adequate to
meet the potential water use of the
tree, the leaf water potential becomes
more negative. Another tree water status indicator is stem water potential
(SWP), which is measured by placing a
foil-covered plastic bag over the leaf a
few hours prior to taking the pressure
chamber measurement.
Another plant-based approach to irrigation scheduling involves assessing
the small changes in trunk diameter
that occur over the day. Trunkmounted linear variable displacement
transducers (LVDTs) can measure
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