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ABSTRACT
THE ECONOMICS OF CONSUMER RESPONSE TO HEALTH RISK
INFORMATION IN FOOD
By

Sedef Emine Akgiingor

This research extends previous research on the demand effects of health concerns
regarding Alar residues in apples. Following this previous research, an econometric
model for retail fresh apple demand is developed for the New York City (NYC) retail
apple market. However, a longer time series is used to estimate apple demand and two
improvements are made to the demand model. One of these improvements incorporates
the possibility that the national retail price and thus the NYC retail price may be
affected by health-risk information at the national level. Therefore, the NYC demand
equation is tested for simultaneity bias. The second improvement is in the modeling of
seasonality in per capita apple purchases and retail apple price variables.

The results indicate that simultaneity bias is not an issue in estimating the retail
apple demand in the NYC market. Therefore, the NYC apple demand is estimated by a
single equation. A multiplicative seasonal ARMA model appears to represent
seasonality in per capita apple purchases and retail apple price variables.

As found in the previous research, apple demand was found to shift downward
immediately following the initial announcement of health risk in July 1984. Demand
recovered fully when Alar was withdrawn from the market in June 1989. This finding
suggests that sales losses could have been avoided had the Government recalled Alar in
1984 since the majority of the drop in sales is due to the initial and sustained shift in
demand.

Following previous research, consumer’s willingness to pay to avoid Alar residues

in apples was calculated using the estimated demand model. Consumer’s marginal
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willingness to pay for risk reduction was calculated by dividing the annual willingness to
pay to avoid Alar by estimates of consumers’ perceived amount of risk avoided per year.
As found in previous research, the estimates of consumer willingness to pay to avoid
health risks suggest that consumers reacted to the health risks associated with Alar as

they have to other health risks.
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CHAPTER 1
INTRODUCTION

Consumer concerns about the safety of the food supply, especially about the
safety of pesticide residues in food, have been high during the past decade.! These
concerns appear to be due to new information that consumers have received about the
potential health risks of pesticide residues in food. These risks are conveyed by new
information about the toxicity and presence of pesticide resides in food.

An example of this is the Alar incident. Alar is a growth regulator primarily used
on apples. In 1984, the Environmental Protection Agency (EPA) announced that it
would reevaluate its risk assessment for Alar because of the evidence that Alar and its
derivative UDMH cause cancer in laboratory animals. The toxicity of Alar was debated
for five years by the experts, the food industry, the government and the producer of Alar,
Uniroyal. The news media widely reported this dispute and thus caused a large impact
on consumer purchases of apples.> Alar was taken off the market by Uniroyal in June

of 1984, and subsequently banned for use in apple production by the EPA.

Julie A. Caswell, ed., Economics of Food Safety (New York: Elseiver Science
Publishing Co., 1991).

2Eileen van Ravenswaay and John P. Hoehn, "The Impact of Health Risk
Information on Food Demand: A Case Study of Alar and Apples,” in Economics of Food
Safety, ed. Julie A. Caswell (New York: Elseiver Science Pubhshmg Co., 1991), pp. 155-
174; A. Desmond O’Rourke, "Anatomy of a Disaster,” Agribusiness 6 (1990) PpP- 417-
424; Boyd M. Buxton, "Economic Impact of Consumer Health Concerns About Alar on
Apples,” Fruit and Tree Nuts Situation and Outlook Yearbook TFS-250 Economic
Research Service, United States Department of Agriculture (August 1989), pp. 85-88.

1
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van Ravenswaay and Hoehn (1991) found that the demand for apples in the New
York-Newark (NYC) metropolitan area’ declined after the disclosure of health-risk
information associated with lifetime consumption of apples treated with Alar. They
examined the effect of the Alar incident on apple purchases until July 1989, one month
after Uniroyal removed the chemical from the market. They were therefore unable to
detect whether the Alar controversy caused any long-term effects to the NYC apple
market.

After the withdrawal of Alar from the market several alternative scenarios
regarding apple demand in the NYC market could have followed. One is that the
demand for apples may have recovered fully when consumers received information that
Alar was no longer on the market. This would imply that consumers responded swiftly
to the information available to them. Another alternative is that it may have taken
several periods of demonstrated product safety until consumers believed the apples were
safe to eat. The last alternative is that the demand for apples never shifted back to the
pre-product warning levels such that there remains a permanent effect m the NYC
region apple market. This would have occurred if consumers who have shifted away
from apple consumption to apple substitutes during the Alar scare did not return to
consuming apples because of their lack of confidence in the apple market or simply
because they become accustomed to consuming apple substitutes. It is not possible to
determine which scenario applies to the NYC apple market unless we include the
months after the chemical was removed from the market. To find out the long-term
effects of the Alar incident, this research extends the previous research by van
Ravenswaay and Hoehn (1991) by increasing the observation period to the months after

the withdrawal of Alar from the market. This research also examines some particular

"During the presentation of the research, the expressions "NYC region" and "NYC
market” will be used to represent the region that covers the New York-Newark
metropolitan area.
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problems in econometric modeling, including seasonality and simultaneity bias, which are

discussed in more detail below.

1.1 Background

The Alar controversy began in July of 1984 when the EPA announced that Alar,
the trade name for the chemical Daminozide, and its derivative UDMH were potential
carcinogens. The EPA’s decision not to ban Alar from the market at that time
stimulated a debate between Government officials, consumer groups, and industry about
the health risks of Alar. The debate continued through June 1989, when the chemical
was removed from the market by Uniroyal, the manufacturer of Alar. The public debate
was most controversial between February 1989 through June 1989; the news coverage of
the Alar controversy was also its heaviest then. In February 1989, EPA announced that
it would ban Alar within the next 18 months, when the tests were complete. During the
following days, consumer groups criticized EPA for not banning Alar promptly. Later
that month, a CBS 60 Minutes program focused on the findings of the Natural Resources
Defense Council (NRDC) on the cancer risks to children from Alar and other pesticides
in food.! During this month, the NRDC announced its risk estimate from Alar, and the
EPA released a revised risk estimate.?

Uniroyal stopped most of its overseas sales of Alar in October 1989. The
company claims that it continues to believe in the safety of Alar, but the domestic

market for Alar had deteriorated so much that it was uneconomical to continue

1Bradford H. Sewell and Robin M. Whyatt, "Intolerable Risk: Pesticides in Our
Children’s Food" (Washington, D.C.: Natural Resources Defense Council, 1989).

%For the chronology of the Alar incident from July 1984 through June 1989 see
Eileen van Ravenswaay and John Hoehn, 1991. This chronology is based on the review
of articles on Alar in the New York Times during that period.



4
production for the overseas market alone.! In November 1990, almost two years after
the NRDC’s report, a group of apple growers filed a law suit against CBS for airing the
program that reported the NRDC’s findings in March 1989 and against NRDC for
declaring misleading statements to the public. The industry’s estimate of the sales losses
to the growers after February 1989 was $100 million.?

As seen from the chronology, there are three major events that mark the Alar
incident. The first is the EPA’s initial announcement in July 1984 that Alar was a
potential carcinogen. The second is the events surrounding the publicity of the NRDC'’s
and EPA’s findings and the 60 Minutes program in February 1989. The third is the
voluntary ban on Alar use in June 1989 followed by the Government ban. To understand
the long-term effects of the Alar controversy on apple purchases, it is necessary to look
at apple demand patterns after 1989, the date when the chemical was removed from the

market.

12 Problem Statement and Scope of Research

This research analyzed how health-risk information about food affects food
purchases over time by systematically identifying measures of the presence or absence of
risk information in the market and incorporating these variables into an econometric
demand model. Using the econometric model, estimates of how consumers value
improvements in the safety of the food supply were developed. More specifically, this
research investigated the long-term effect of the Alar incident on fresh apple purchases
in the NYC retail apple market, and examined what consumers were willing to pay to

avoid health risks associated with the consumption of Alar treated apples.

1Allan R. Gold, "Company Ends Use of Apple Chemical," New York Times, 18
October 1989, p. A18.

ZAfter Scare, Suit by Apple Farmers," New York Times, 29 November 1990, p. A22.
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One of the major reasons that we chose the NYC metropolitan area is to be
able to follow up on the findings of van Ravenswaay and Hoehn (1991) by extending
their data set through July 1991 to examine the demand patterns after Alar was removed
from the market. The NYC market was originally chosen by van Ravenswaay and

Hoehn (1991) due to the availability of the most comprehensive price data.

13 Importance of Research

The findings from this study have significant implications for the government and
the food industry. An understanding of how consumers have reacted to the Alar incident
and how the demand patterns have changed after risk was eliminated from the market
provides guidance to policy makers in responding to consumer fears in similar health-
scare events. The food industry also benefits from such knowledge in developing
strategies to prepare for similar incidents. An estimate of the economic consequences of
the Alar event provides an important piece of evidence for the apple industry in
quantifying the revenue losses associated with the controversy on Alar. Another finding
from this study is an estimate of the consumer’s willingness to pay to avoid Alar residues
in apples. From that willingness to pay estimate, it is possible to assess consumer’s
valuation of risk-reduction benefits. This piece of information is valuable for policy

makers in evaluating policy alternatives concerning food safety improvements.

14

Buxton (1989) examined the impact of the Alar incident on Washington State red
delicious FOB prices. He compared the actual weekly FOB prices during the 1988-1989

marketing season with the expected prices that usually occur over a typical season. The
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typical season price pattern was calculated based on the FOB prices for Washington
State red delicious apples at the Wenatchee shipping point. The seasonal index was
estimated by removing trend, cyclical and irregular price changes from the actual price
series for the period of January 1983-March 1989. The author found that the FOB
prices of red delicious apples fell after February 1989, the time that the news coverage
on Alar was the most intense. The findings suggest that over the period starting in late
February through the second week in September, the total revenue loss for the growers
of red delicious apples in Washington was $140 million in 1989 dollars. The author also
reports that the retail prices did not reflect the full decline in the FOB prices which
made it harder to market apples remaining in storage.

O’Rourke (1991) examined the impact of the Alar incident on Washington State
FOB shipping point apple prices. Washington State is considered the major supplier of
apples to the U.S. market. Therefore, the impact of the Alar incident on the
Washington State apple industry may be a good proxy for its impact on the U.S
wholesale apple market. The author used existing price forecasting models developed by
the Washington Growers Clearing Association for Red Delicious, Golden Delicious and
Granny Smith apples, and projected what the FOB shipping point apple prices would
have been had the Alar incident not occurred. The method he used in calculating the
revenue change to the apple growers is to subtract the observed values of the actual
1988-1989 average FOB shipping point prices from the apple prices that were projected
from the price forecasting models. His findings suggest that the apple industry lost $130
million in the 1988-1989 marketing season (in 1989 dollars). Red delicious was the
variety most affected by the Alar scare.

van Ravenswaay and Hoehn (1991) examined the effect of the Alar scare in the
NYC retail fresh apple market. The authors used a single-equation demand model to
estimate demand for apples in the NYC region using a time series model. Monthly data

from January 1980 through July 1989 were used. They found that the effect of the Alar
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incident dated back to the time when EPA first announced in July 1984 that Alar was a
potential carcinogen. The study reported that over July 1984-July 1989 period, 70% of
the estimated total sales losses to NYC region’s retailers was attributable to the initial
and sustained demand shift in July of 1984. The sales loss estimate was calculated by
sﬁbtracting estimated actual apple sales from a projection of what sales would have been
had the Alar incident never occurred. The sales loss estimate for the period of June
1984 through July 1989 was $194.8 million (in 1983 dollars). The authors estimated
consumer’s willingness to pay to avoid Alar treated apples and use this estimate to
calculate willingness to pay to avoid cancer risks. They found that the willingness to pay
for reduced cancer risks were consistent with the existing estimates of willingness to pay
for reduced risk in the literature.

The findings of the above studies provide empirical evidence that the Alar
incident caused a reduction in apple purchases. It should be noted, however, that the
three studies differ from each other in several important aspects. For example, van
Ravenswaay and Hoehn (1991) showed that the change in apple sales associated with the
Alar incident started in 1984 and much of the sales losses are attributable to that event
while Buxton (1989) and O’Rourke (1991) examined the Alar incident only for the 1988-
1989 marketing season. Another notable difference is associated with the methods used
in the three studies in calculating the revenue losses due to the Alar scare. Buxton
(1989) and O’Rourke (1991) subtract the projected apple prices from the gbserved values
of actual apple prices and multiply the difference with the actual quantity sold. van
Ravenswaay and Hoehn (1991) subtract the projected apple sales from the estimated
values of actual apple sales. The reason why van Ravenswaay and Hoehn use this

method is to minimize estimation errors.! Still another difference between these three

'See, Mark E. Smith, Eileen O. van Ravenswaay, and Stanley R. Thompson, "Sales
Loss Determination in Food Contamination Incidents: An Application to Milk Bans in

Hawaii," American Journal of Agricultural Economics 70 (August 1988), pp. 513-520.
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studies is that Buxton (1989) and O’Rourke (1991) examine the impact of the Alar scare
on the wholesale apple market while the study by van Ravenswaay and Hoehn covers the
retail apple market. For these reasons, it is not possible to compare the quantitative
findings from these three studies.

All three studies, however, indicate that there is a downward demand shift at the
apple market. O’Rourke’s findings indicate that the national wholesale prices dropped in
1988-1989 marketing season as a result of a downward demand shift at the wholesale
market, given that the supply of apples at the wholesale market is perfectly elastic.
Buxton also concludes that the Washington State red delicious apple FOB prices fell as a
result of a downward shift in wholesale apple demand. van Ravenswaay and Hoehn
model the retail apple market at the NYC region and found that the demand at the
retail level also shifts down.

This research examined the long term effects of the Alar scare by extending the
observation period of the study by van Ravenswaay and Hoehn (1991). This was the
major objective of the research. Several other objectives were also sought as listed

below.

15  Research Objectives

1. The long-term effects of the Alar incident are estimated by extending the
observation period used in the van Ravenswaay and Hoehn (1991) study to the period
after the withdrawal of Alar from the market.

2. The possibility that the Alar incident may have affected the retail price of
fresh apples at the retail market is examined. If the retail price of apples at the national
market is affected, then the retail price of apples in the NYC region should also be
affected under the assumption of perfectly elastic supply to the regional markets. If

information about risk at the national level affected the national demand and thus
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national apple price, representing the NYC apple demand with a single equation would
cause the equation estimates to be inconsistent and biased. The estimated demand
model should therefore be tested for simultaneity bias.

This objective involves specifying an econometric model for apples that involves
the national retail market and the regional retail markets for apples. This enables us to
form testable hypotheses about the effect of health-risk information on apple purchases
at the regional level when the event actually covers the whole nation.

3. Alternative measures of the health-risk information variable are explored.

4. Improved methods to account for seasonality in apple purchases are
developed. Seasonality means there is a high degree of correlation between the values
observed during the same season across the years.

5. The findings of this model, which explicitly accounts for the seasonal error
structure, are compared to the findings obtained with a first order autoregressive error
structure reported in van Ravenswaay and Hoehn (1991). The comparison will be made
for the January 1980-July 1989 period to maintain consistency with the observation
period covered in the van Ravenswaay and Hoehn (1991) study.

This study will then extend the observation period through July 1991 and
compare the models with the seasonal error structure for the two observation periods
(i.e. January 1980-July 1989 period and January 1980-July 1991 period). This
comparison allows us to observe how extending the observation period changes the
equation estimates.

6. The change in revenues associated with the Alar event to the NYC apple
retailers are estimated.

7. The impact of the Alar event on consumer welfare is estimated. This
objective involves calculating the change in consumer surplus associated with the health-
risk information and deriving the consumer’s willingness to pay to avoid Alar residues in

apples.
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8. From the estimate of the consumer’s willingness to pay to avoid Alar residues
in apples, the consumer’s willingness to pay for health-risk reduction is derived.

As the objectives stated above show, this research differs from the study by van
Ravenswaay and Hoehn (1991) in at least three aspects. One is the extension of the
observation period to include the period after Alar was removed from the market. The
second is the correction for seasonality in the demand model. This allows us to detect
the impact of the exogenous variables on quantity demanded in isolation of the
variations in apple sales associated with seasonality. The third difference is that this
research models the effect on regional apple prices of potential price adjustments in

national markets caused by the Alar controversy.

1.6 Research Procedures

The research methods consist of the procedures listed below.

1. An econometric model of national retail demand and supply for fresh apples,
retail apple demand for all the regions in the nation except the NYC region, and retail
apple demand for the NYC region is developed.

2. The reduced-form equations for per capita apple consumption and the retail
price of apples in the NYC region is derived.

3. The reduced-form equations and the demand equation for apples in the NYC
region is used to derive testable hypotheses about the impact of health-risk information
on per capita apple purchases and the retail price of apples in that region. These
hypotheses test whether risk information affects purchases at the regional level through a
regional demand shift, or through a change in the national price induced by information
at the national level, or through both effects.
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4, Alternative measures of the presence or absence of the reported risk over
time are developed. Testable hypotheses to specify the information effect on apple
demand are developed.

5. A seasonal time-series model of per capita apple consumption and apple
prices variables is specified.

6. Simultaneity bias in the demand equation is examined. This procedure
involves derivation of the asymptotic covariance matrix for the demand equation where
the price variable is replaced by the fitted values for the price variable and the error
structure of the demand equation is seasonal.!

7. The demand equation and the reduced-form equations are estimated using a
seasonal error structure.

8. The significance of the coefficients of the information variables in the demand
equation for the January 1980 through July 1989 observation period are compared with
two different specifications of the error structures. These are the first order
autoregressive error structure and the seasonal error structure.

9. The significance of the coefficients for the information variables are compared
with the seasonal error structure for the two different observation perjods. These are
the periods of January 1980 through July 1989, and January 1980 through July 1991.

10. Hypotheses on different specifications of the information effect in the
demand equation are tested for the extended observation period, that is the January
1980 through July 1991 period.

11. Changes in apple sales associated with changes in health-risk information are

estimated in the NYC region.

!The reason that the estimate of the covariance matrix for the demand equation with
instrument for the price variable is separately calculated is because we are not able to do
the two-stage least squares estimation and get the coefficient estimates as well as the
asymptotic covariance matrix with the "BOXJENK" command in the Regression Analysis
Time Series (RATS) econometric package (version 3.1) for personal computers which is
used in this study to compute multiplicative seasonal ARIMA model.
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12. Changes in consumer welfare associated with changes in health-risk
information are estimated by computing the change in consumer surplus.
13. The consumer’s implicit willingness to pay to avoid a one in one million risk

of cancer death is computed using the estimate of the change in consumer surplus.

1.7 escription of the Dat

Since this research is an extension of the study by van Ravenswaay and Hoehn,
the data for the period between January 1980 through July 1989 is largely identical with
the data used in that study.! There are two major differences, however. One difference
is that the monthly population estimates that are used in this research covers a smaller
area. The other difference is the inclusion of an income variable and a variable that
measures the national holdings of fresh apples. Appendix A presents the description of
the data used in this study. Appendix B reports the extended data set.

1.8  Plan for the Presentation of the Research

Chapter II develops a conceptual framework to analyze consumer response to
information on health-risk from food. This chapter defines the information variables and
states the hypotheses related to the information effect on the quantity of food
demanded. Methods to quantify the welfare effects associated with the changes in
health-risk information is presented later in the chapter. Chapter III presents the
econometric model for apples. This chapter discusses the estimation procedures for the

regression equations. Chapter IV presents the econometric findings of the research and

!For a detailed description of the data used in Eileen van Ravenswaay and John
Hoehn, 1991, see William Preston Guyton, "Consumer Response to Risk Information: A
Case Study of the Impact of Alar Scare on New York City Fresh Apple Demand” (M.S.
Thesis, Michigan State University, 1990).
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discussion of the results. Chapter V presents the research conclusions, policy issues and

research needs.




CHAPTER II
CONCEPTUAL FRAMEWORK

This chapter develops a conceptual framework for the analysis of consumer
response to information on health risk from food. Section One presents a model of
consumption choice that establishes a relationship between health-risk information and
the demand for risky food. Section Two explains how the information variable in the
demand equation is defined. Section Three states the hypotheses concerning the effect
of health-risk information on food purchases. Section Four describes the methods used
to measure the welfare changes associated with the changes in information on health

risk.

2.1 A Model of Consumption Choice

This section first defines the terms used in the conceptual framework. The

section then presents the consumer’s optimization problem and derives the demand

functions for risky and non-risky foods.

There are two concepts closely related to a consumer’s perceived lifetime health
risk from any source in his/her lifetime. The first one is the range of health problems
that the consumer expects to experience during his/her lifetime. The second one is the

14
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probability that a health problem will occur during the consumer’s lifetime. This second
concept is the lifetime health risk of the consumer.

There is a range of health problems that the consumer can face. Each is
characterized by the type of health problem, the severity of the health problem, the
duration of the symptoms, and the timing of their occurrence in the lifetime of the
consumer.! Some examples of the type of health problem that the consumer might
expect to face during a lifetime are cancer, allergies, ulcer, heart diseases, etc. The
severity refers to the seriousness of the health problem. Curable cancer, for example, is
less severe than incurable cancer. The duration is the amount of time that the health
problem persists. The timing in a lifetime relates to the age the consumer expects
he/she will be when the health problem is realized.

For the purpose of this study, we assume that there is only one health problem in
the lifetime of the consumer. The type of health problem, its severity, duration, and
timing in the lifetime of the consumer are well defined. The lifetime health risk of the
consumer is the probability that the health problem will occur during the consumer’s
lifetime. This is the actual health risk that is unknown to the consumer before he/she
receives health-risk information. We assume lifetime health risk is a random variable
since we assume there is a range of heath-risk levels for the consumer at a given point in
his/her lifetime. The probabilities associated with the likelihood of the occurrences of a
range of lifetime health-risk levels are unknown until the consumer receives exogenous
information on the riskiness of practicing a specific activity or consuming a particular
food. The acquisition of the information can be considered a random experiment and
the probabilities associated with the likelihood of the occurrences of a range of lifetime
health-risk levels cannot be predicted with certainty prior to the experiment. These

'Nicholas Rescher, Risk: A Philosophical Introduction to the Theory of Risk
Evaluation and Management (New York: University Press of America, 1983).



16
probabilities constitute a probability distribution. This probability distribution is the
consumer’s lifetime health-risk perception function.

The concept of the lifetime health-risk perception function suggests that each
level of health risk is associated with the consumer’s perception of the likelihood of its
occurrence during a lifetime. Since the perceived lifetime health risk is defined as a
distribution function, it can be characterized by measures of center, such as mean,
median or mode. In this study, for convenience, the consumer’s health risk perception
function will be characterized by the health-risk level that has the highest perceived
probability of occurrence for the consumer (i.e., mode of the lifetime health-risk
perception function). Therefore, the consumer’s perceived lifetime health risk is the
health risk level that the consumer considers most likely to happen.

In summary, the consumer’s perceived lifetime health risk can be defined with
the help of two concepts. One is the set of health problems that may result from all
causes. Each health problem is characterized by the type, severity, duration, and timing
in the consumer’s lifetime. Note that the set is assumed to have only one element. The
characteristics of the health problem are well defined. The second concept is the
probability of the occurrence of the health problem in a lifetime. This is the lifetime
health risk. With the aid of exogenous information, the consumer forms a probability
distribution where each probability is the likelihood of the occurrence of the lifetime
health risk. This is the consumer’s health risk perception function. The consumer’s
perceived lifetime health risk is the health risk level that the consumer believes to have
the highest probability of occurrence in the health risk perception function.

There are two types of health risks that the consumer faces in his/her lifetime.
One is the baseline health risk associated with all the activities in the consumer’s lifetime
except the lifetime consumption of Alar-treated apples. These include dietary habits,

smoking, alcohol consumption and nonconsumption activities such as driving a car, being
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exposed to radioactive substances, etc. The other one is the additional health risk
associated only with the lifetime consumption of Alar-treated apples.

We assume that the lifetime health risk is additive. That is, it consists of the
baseline health risk plus the additional health risk from consuming Alar-treated apples.
Perceived lifetime health risk is also assumed to be additive. The consumer has a
perceived baseline health risk and a perceived additional health risk that add up to the
perceived lifetime health risk.

Assume that the consumer lives for three periods. The first period is all the time
that has elapsed until the present time; it is denoted by the subscript 0. Since the
consumption decisions from this period have already been made, the health
consequences due to consumption in the past are taken as given. The second period is
the present period; it is denoted by the subscript t. The third period is the future; it is
denoted by the subscript f.

The perception of the chances that the consumer will experience the health
problem in the future period is ®;=38,v +8,v,+p.q,+ pq, Where v, and v, are the
quantities of the activities other than the consumption of Alar-treated apples in the past
and present periods, respectively. q, and q, are apple consumption in the past and
present periods, respectively. 8, and 8, are the consumer’s past and present perception
of the marginal probability of the occurrence of the future health problem associated
with an additional unit of all other activities except the consumption of Alar-treated
apples, respectively. 3, and 3, are the consumer’s perceived baseline marginal health
risk. p, and p, are the consumer’s past and present perception of the marginal
probability of the occurrence of the health problem associated with consumption of an
additional unit of Alar-treated apples, respectively. p, and p, constitute the consumer’s
perceived additional marginal health risk. We also assume that v consists of two types of
activities, v! and v2, both at time o and time t. Here, v! includes consumer’s preventive

actions (i.e., investment in health care, exercise) and v? includes all other activities. The
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consumer reduces his/her chances that he/she will experience the health problem in the
future, x;, by making changes in the consumption of v and q at times o and t. For
simplicity, we assume that the consumer finds it less costly to reduce marginal risk from
consuming Alar treated apples by reducing his/her consumption of q rather than
increasing his/her consumption of v2.

3, and p, are functions of the consumer’s knowledge about the marginal risk
associated with the consumer’s choice of v and q in the past period. Since this period is
already past, the risk consequences (8,v,+p,q,) associated with the past choice of these
goods and activities are taken as given.

8, and p, are functions of the consumer’s knowledge about the marginal risk
associated with the consumer’s choice of v and q in the present period. We assume that
the consumer receives information in the present period on the lifetime health risk
associated with an average lifetime consumption of Alar-treated apples. The consumer
receives information through signals from a given information source. The signals differ
by their informational contents. The informational content of a signal indicates the
presence or absence of risk in apples.

The presence or absence of risk can be determined by the information on residue
and toxicity. The toxicity of a substance and how much residue there is in the food
supply are essential aspects of the food safety question.! Toxicity information is
information about how toxic or hazardous a particular substance is. It is the information
about the dose-response relationship for a given exposure level. The dose-response
information defines the health risk concerning the consumer’s exposure to the risky food.
For example the lifetime health risk given the lifetime exposure to the risky food may be

1 in 10,000 cancer deaths. Residue information is information on the amount of

IEileen van Ravenswaay, "Consumer Perceptions of Health Risks in Food," in
easi i jic Proble icies - 1990 (Oakbrook: Farm
Foundation, 1990).
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substance in the food supply. A consumer’s exposure to the substance over a lifetime is
a function of the per-unit amount of residue as well as the total consumption of the risky
food. The lifetime health risk is a function of both the toxicity and the lifetime exposure.

Note that the reported risk in the present period is the lifetime health risk
associated with an average lifetime consumption of Alar treated apples. With the aid of
this information, the consumer forms p,, his/her perception of the marginal health risk,
that is the marginal probability of the occurrence of the health problem associated with
the consumption of an addijtional unit of Alar treated apple at time t. The reason why
the consumer can make this inference is because the reported lifetime health risk is
assumed to be proportional to the marginal health risk as explained in the paragraph
below.

Let the reported risk be R, where R is the lifetime health risk associated with
lifetime consumption of Alar treated apples. The lifetime health risk is assumed to
increase linearly with the consumption of the risky food. This is a result of the
assumption of the linear dose-response model.! Therefore, the lifetime health risk can
be annualized if we divide it by the consumer’s life expectancy (i.e., 70 years):

S = (R/10), where § is the annual health risk associated with an average annual
consumption of Alar treated apples. This implies that § = 7 * g, where g is the
average annual consumption of Alar treated apples and 7 is the marginal health risk
associated with the consumption of one unit of Alar treated apple. Therefore, 7 = /7.

In summary, the reported risk (i.e., R) is the lifetime health risk associated with
the lifetime consumption of Alar treated apples. By the assumption of the linear dose-
response model, the annual health risk associated with an average annual consumption of

apples (i.e., §) is proportional to R. Since the marginal health risk associated with the

IEileen van Ravenswaay and John Hoehn, 1991.
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consumption of one unit of Alar treated apple (i.e., r) is proportional to S, we can say
that the reported risk R is proportional to 7 as well.

The perception of the marginal probability of the occurrence of the health
problem associated with consumption of an additional unit of Alar-treated apple in the
present period (p,) is a function of the currently available information on the presence or
absence of risk. Note that the p_, 8, and 3, are taken as given. The currently available
information can be measured in several ways. The following two ways are used. One is
by the timing of government announcements about new lifetime risks. The other is by
counting repetitions of these announcements by the media per time period. The
repetitions of the government’s announcements about risk are important because the
consumer’s assessment of the magnitude of the health problem may be subject to
learning. That is, the magnitude of a consumer’s perception of risk may increase as
he/she hears more often about the presence of risk. Therefore, p, is characterized as a
function of two variables. One variable measures the presence or absence of the risk by
the timing of its initial announcement (d,). The other variable measures the presence or
absence of the risk by the number of times the same message is repeated at a given

point of time (g,).

(2.1) P, = P(de8)

To summarize, the consumer is assumed to live for three periods: the past, the
present and the. future. The consumer’s perceived risk of experiencing the health
problem in the future period is the sum of the perceived health risk associated with all
activities except the consumption of Alar-treated apples and the perceived health risk
associated with the consumption of Alar-treated apples in the past and in the present
periods. In the present period, the con.sumer receives new information on the presence

or the absence of health risk associated with the consumption of apples treated with
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Alar. With the aid of this information, the consumer updates the perception of the
probability of experiencing the health problem in the future period.
The next section discusses the consumer’s optimization problem and derives the

demand function for apples.

2.12 The Model of Consumption Choice

The model of consumption choice in this study is based on the expected utility
model. This framework is useful in the food-safety context since consumption decisions
are made in the presence of uncertainty.!

Assume that the consumer’s preferences are separable. That is, preferences can
be partitioned into groups such that the preferences within each group can be described
independently of the quantities in other groups.? Following this assumption, food will
be defined as a separate group.

Assume that the representative consumer consumes q (apples) and y (all other
foods) during a lifetime. Among all food items, assume that only apples contain residues
of a particular toxic substance (Alar).

The lifetime expected utility of the consumer is,

22) EU = Ufqy)+n*Ug(@pyp+(1-%)+Upg(q,y)

where, &, = 3 v,+8,v+p,g,+p4, and p, = p(d.g). Here, U(q,y,) is the utility of the
consumer in the current period and Ug,(qpy,) is the utility associated with poor health

!Kwan E. Choi and Helen H. Jensen, "Modelling the Effect of Risk on Food
Demand," in Economics of Food Safety, ed. Julie A.Caswell (New York: Elseiver Science
Publishing Company, 1991), pp. 28-44; Young Sook Eom, "Pesticide Residues and
Averting Behavior" (Raleigh: North Carolina State University, Division of Economics
and Business, February, 1991), photocopy.

2Angus Deaton and John Muellbauer, i
(Cambridge: Cambridge University Press, 1980), pp. 122-125.
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and Upg(qpy,) is the utility associated with good health in the future. q, and y, are
consumption of apples and all other foods in the present period, respectively. q; and y;
are consumption of apples and all other foods in the future period, respectively. = is the
consumer’s perceived probability of the occurrence of the future health problem, after
consuming q, and v, in the past period and q, and v, in the present period. Note that we
assume that the past and present consumption is irrelevant to the current period’s utility,
i.e,, the health effects are always delayed to the future period. We also assume that
there are no marginal health risks associated with the future consumption.

The optimization problem of the consumer is td maximize (2.2) subject to the

lifetime budget constraint. The lifetime budget constraint is,

(2.3) m=pg+py

where m is the consumer’s lifetime disposable real income, p, is the deflated retail price
of apples, p, is the deflated retail price of all other foods, q is the quantity of apple
consumption in a lifetime and y is the quantity of all other foods in a lifetime. Note that
m, p, and p, are assumed to be constant over a lifetime. Therefore the per-period
budget constraint (i.e., the budget constraint at time t) is proportional to the lifetime
budget constraint.

The lagrangian expression for the utility maximization is,

24) o7
H1-%)*Uy(qpyp+A(m,-p,4,P,y)

where, 1 is the Lagrange multiplier. Here, m,, P and py, be the consumer’s disposable
real income, the deflated retail price of apples and the deflated retail price of all other
foods at time t, respectively .The first order conditions for this problem are shown in
equation (2.5). If the consumer maximizes utility, equation (2.6) will express his/her
demand for q and y in the present period.



U
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4, = 9(PelyMpP)
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(2.6)
Since p, is defined as a function of d, and g, the demand functions for q and y in the
current period are as shown in equation (2.7).

9, = 4Pl )™ A,8)
Vs = Y{PolyoMo08)

2.7

To summarize, the demand for q (apples) is a function of its own price, the price
of its substitutes, income and health-risk information available at time t. The health-risk
information is measured by two variables. One represents government announcements
about risk and the other represents the repetitions of the announcements.

The following section discusses alternative ways in which the information variable

can be measured and incorporated in the demand function.
22 Specifying the Inf ion Variabl

Following van Ravenswaay and Hoehn (1991), the information variables (d, and
g, in this study are measured by news media reports about Alar’s health risks. The
announcements of new risks are identified by dummy variables. The variables S,, and S,,
represent the two occasions when different estimates of health risk were announced. §S,,

represents the July 1984 to June 1989 period. It begins with EPA’s initial announcement
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in July 1984 that Alar was a potential carcinogen which EPA subsequently estimated as
posing a lifetime cancer risk to food consumers of 1.0* 10%! The period ends in June
1989 with the removal of Alar from the market. Consequently, S,, takes the value of 1
between July 1984 through June 1989 and zero in all other months. S,, marks the
beginning of the period during which the NRDC announced a greater lifetime risk
estimate of 2.4*10* and the EPA simultaneously released a revised risk estimate of
3.5*105. This is the period after February 1989 that lasted until Alar was removed from
the market. Consequently, S,, has the value of 1 between February 1989 through June
1989 and zero elsewhere.

The underlying hypothesis for this type of measurement of information is that the
initial announcements of the health risk matters for the consumer. S,, is hypothesized to
cause a sustained downward shift in demand associated with the initial announcement by
the EPA as found by van Ravenswaay and Hoehn (1991). However, the effect of this
announcement is assumed to disappear upon the withdrawal of Alar from the market.

Following van Ravenswaay and Hoehn (1991), S,, is hypothesized to cause an
additional downward shift in demand associated with the simultaneously reported revised
risk estimates of the EPA and the NRDC. This shift was also sustained through June
1989. The announcements of the revised risk estimates suggest the existence of a new
event that increased the consumer’s perceived risk level, thus causing apple purchases to
decline even further.

There is a third variable that is measured with the nominal scale. This variable
(S;,) measures the effect of the withdrawal of Alar from the market. If the sales
returned to the pre-announcement levels, S,, and S,, should be sufficient to represent the
variations in sales during the Alar controversy given the way that these variables are

defined. S,, should then not bring any additional explanatory power to the model and

IFor the reported lifetime cancer risk estimates associated with consumption of Alar
from all food sources, see, Eileen van Ravenswaay and John Hoehn (1991).
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should not be statistically different than zero, while S;, and S,, should be negative and
significant.

It is possible that the intensity of news reporting on risk announcements is
important in explaining the variations in apple purchases. This may be true if the risk
perceptions involve learning such that the magnitude of the consumer’s perceived risk
increases with subsequent repetitions of announcements. Therefore, a measure of the
intensity of the reporting over time should be considered.

An information variable can be constructed such that the risk information is
identified by the number of media reports per time period (NYT,). Using the intensity
variable, we can test the hypothesis that the intensity of the coverage of the health risk is
important for the consumers in making their consumption decisions. Lagged values of
the NYT, variable can also be incorporated in the model to test whether the intensity of
coverage affects future consumption or only current consumption.

The intensity of information can also be measured by the cumulative amount of
reporting at a given point in time. The information variable that is measured by the
cumulative number of articles over time can be incorporated in the demand model to
test the hypothesis that consumers update their risk perceptions with the receipt of new
information. This variable is not stationary, however, since it involves a time trend. In
econometric models that use time-series data, the dependent variable and the
independent variables should both be stationary. To eliminate the nonstationarity
problem, one can difference the variable. For example in a time-series model that
involves a highly seasonal dependent variable, such as apple purchases, both the
dependent variable and the independent variables may be seasonally differenced to
eliminate nonstationarity in the variables. After seasonally differencing, however, the
cumulative variable will no longer measure the cumulative number of articles, but will
measure the total number of articles in a given year. This makes it difficult to interpret

the coefficient estimate. For these reasons, the information variable that measures the
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presence or absence of risk with the cumulative number of articles will not be
incorporated into the econometric model.

In summary, the information variables in this study are measured using both a
nominal scale and an interval scale. The nominal scale uses the beginning of the two
events during which the different risk estimates were announced to account for the one
time demand shift associated with each event. Another information variable using the
nominal scale is the variable that measures the presence or absence of the suspected
chemical in the market. The interval scale measures the intensity of the reported risk by

the amount of media reporting on risk each time period.

23  Hypotheses on Modelling the Information Effect

The hypotheses outlined in this section will be tested for the models that use
monthly observations from January 1980-July 1989 as well as for the models estimated
using the extended observation period through July 1991. This will allow us to compare
the models with seasonal error structure for two different observation periods. We will
then be able to understand if the extension of the observation period affects the model
estimates. We will also be able to explore the long-term effects of the Alar controversy.
We can also compare the models under two different error structures for the observation
period of January 1980 to July 1989. This allows us to see how a seasonal error
structure changes the model estimates when compared to a first-order autoregressive
error structure.

The first hypothesis is that information about Alar’s risk does not affect fresh
apple purchases. If we reject the first hypothesis, then the following four hypotheses
about the impact of risk information on apple purchases will follow.

Hypothesis two is that consumers do not forget the information that health risk is

present until they receive an announcement that it is no longer present. In other words,
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consumers do not forget information that is still relevant to their well being. We use S,,,
the dummy variable that measures the presence or absence of the health risk to test this
hypothesis.

Hypothesis three is that the intensity of the reporting of risk intensifies consumer
risk perceptions and causes apple sales to drop. If this hypothesis is true, then the
coefficient on the NYT, variable and/or the lagged values of the NYT, variable should
be negative and significant. However, the period during which there was intense media
coverage involves the month in which the EPA announced a revised risk estimate and
the NRDC released its risk estimate (February 1989). Therefore, a different hypothesis
could be that announcements on the presence of risk is important to consumers in
determining their risk perceptions and thus their apple purchases. The presence or
absence of these levels of health risk is measured by S,,. It is not possible to test the two
hypotheses separately since either or both explanations may be true. Since S,, is likely to
be correlated with the current and lagged values of the intensity variable, including these
variables as separate regressors would cause a problem of multicollinearity. We can
estimate two separate models, i.e., one model with the current and lagged values of the
NYT, and another model with S,,., However, we would not be able to know which
specification represents hypothesis three. In other words, we cannot separate out the
effect of the variable that measures the intensity of the media coverage from the variable
that measures the presence or absence of the risk estimates made in February 1989.
There is not sufficient information to differentiate what the real cause of the drop in
apple sales between February 1989 through June 1989 was. It could have been the
announcement of the risk estimate made by the NRDC and a subsequent one made by
the EPA in February 1989, or it could have been the intense media coverage stirred by
the public controversy over what the correct risk assessment was which also was during

that period. We would only be able to distinguish the effect of the NYT, variable on per



28

capita apple purchases had the two events (i.e., the announcement of revised risk
estimates and the intense media coverage) occurred in separate time periods.

Hypothesis four is that consumers do not forget the initial risk information and
they continuously revise and update their risk perceptions as they receive new
information about risk. This hypothesis is likely to be true if there is a downward shift
in apple demand associated with the initial announcement of risk coupled with an
additional downward shift in demand when additional risks are reported. Similar to
hypothesis three, note that we are not able to distinguish what the real cause of this
additional drop in sales was since the period of the intense media coverage on the
presence of risk involves February 1989, the month in which the revised risk estimates
were released. Two different specifications of the demand equatjon are used to test this
hypothesis. In one specification, the information variables would be S,, and the current
and/or the lagged values of the NYT, variable. This represents the added effect of the
intense media coverage. In another specification, the information variables would be S,,
and S,,. This represents the added effect of higher risks reported by the NRDC and
lower risks reported by the EPA. We do not reject hypothesis four if the coefficient on
the S,, variable and on the current and/or the lagged values of the NYT, variable is
significant. Similarly, we do not reject hypothesis four if the S,, and S,, are negative and
significant. Note that S, represents the initial shift in demand associated with the initial
information on health risk. The current and lagged values of the NYT, variable and the
S,, variable represent the additional shift in demand. However, we do not know the real
reason for the additional drop in sales. One reason may be that the consumer may react
to the intense media coverage such that his/her perception of health risk may increase.
The increased risk perception causes an additional downward shift in demand. Another
reason may be that the announcement of the revised risk estimate of the EPA and the
estimate made by the NRDC may intensify consumer’s risk perceptions and this may

cause an additional downward shift in demand. Similar to hypothesis three, both
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specifications must be true and we cannot differentiate between the models. We would
be able to differentiate the reason why this additional downward shift in apple demand
occurs had the two events (different risk estimates and the intense media coverage)
happened in non-overlapping time periods.

The fifth hypothesis is that sales return to the pre-announcement levels once the
reported risk is declared to be eliminated from the market. This implies that consumers
regain confidence in the safety of the supply of apples once they receive a signal that
indicates the risk is no .longer present. This hypothesis is likely to be correct if
consumers who switched to the apple substitutes during the Alar scare went back to their
old purchasing habits after the heath risk is eliminated. S,, which measures the
presence or absence of the chemical in the market, is used to test this hypothesis. If the
fifth hypothesis is true, this variable should not provide any additional explanatory power
to the equation estimates when the variables that represent the presence or absence of

the risk are negative and significant, given the way S;, and S,, are defined.

After an appropriate specification of the information variable in the demand

function, the welfare effects of the Alar controversy can be estimated. By observing the
shifts in demand function associated with the changes in health-risk information, it is
possible to derive the marginal willingness to pay to avoid Alar residues in apples and to
use this estimate to derive an estimate of the willingness to pay for a unit change in risk.
This approach has been used in other studies that look at the welfare effects of the
health-risk information’

Ipauline M. Ippolitto and Richard A. Ippolitto, "Measuring the Value of Life Saving
From Consumer Reaction to New Information," Journal of Public Economics 25 (1984),
pp. 53-81; Eileen van Ravenswaay and John P. Hoehn, 1991.
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The Hicksian compensating and equivalent measures are considered to be the
correct theoretical measures of welfare. The compensating variation is the amount of
income, paid or received under the prospective policy change, that would leave an
individual at the initial level of utility. The equivalent variation is the amount of income,
paid or received, that would leave an individual at the post-change level of utility when
faced with the initial policy situation.! Willig demonstrates that the consumer surplus is
a close approximation to the Hicksian measures of welfare when the budget share of a
commodity is small.2

The welfare measure used in this study is the change in consumer’s surplus due
to a shift in an individual’s apple demand associated with health-risk information. The
share of apple expenditures in an individual’s budget can be considered small. Following
Willig, the Marshallian demand should approximate the Hicksian welfare measures.
Therefore, observing the change in consumer surplus with and without the risk
information will give the individual’s willingness to pay to avoid Alar residues in apples.
This willingness to pay estimate reflects the individual’s total welfare change associated
with the Alar incident.

The underlying assumption in the econometric model in this study is that the
supply of apples to the NYC region is perfectly elastic at the national price plus a fixed
transportation cost. Therefore, the quantity demanded is hypothesized to vary with
changes in health-risk information at 3 given price. This implies that change in health-

risk information causes a shift in the individual demand curve

John P. Hoehn and Douglas Kreiger, Valuj
Staff Paper no. 88-30 (East Lansing: Michigan Sate University, Department of
Agricultural Economics, 1988).

2Robert D. Willig, "Consumer Surplus Without Apology,” The American Economic
Review 66(4) (September 1976), pp. 589-597. :
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and thus reduces the quantity of apples the individual consumes. The change in
individual welfare comes from consuming less apples to avoid health risks associated with
the consumption of Alar-treated apples.
The individual willingness to pay for avoiding Alar residues in apples at a given

level of price at time t is,

WIP = [ a0 pyfim)dp
(2.8)

- [ a0 2 i m)dp
where q(.) is the apple demand function, p is the retail price of apples, py, is the retail
price of apple substitutes, m, is disposable income, f° is the absence of the reported risk
and f! is the presence of the reported risk at time t.! p° denotes the given level of price
at time. The annual total willingness to pay can be obtained by summing the total
willingness to pay at each time t over a year.

Dividing the estimate of the individual’s annual total willingness to pay to avoid
health risks from consuming Alar-treated apples by the individual’s perception of the
annual health risks due to Alar residues in apples gives the individual’s annual marginal
willingness to pay to avoid health risks associated with Alar incident? However, the
consumer’s perceptions of health risks associated with the consumption of apples with
Alar residues are not known. Following van Ravenswaay and Hoehn, the next best
approach is to assume that the consumer’s perception of health risks are similar to the
health risks reported in the media.

INote that the presence or the absence of the reported risk is measured in various
ways as discussed in section 2.2. For convenience, the symbol f, will account for the risk
information in general.

2Eileen van Ravenswaay and John P. Hoehn, 1991.



CHAPTER III
THE ECONOMETRIC MODEL

Chapter III describes the econometric model used to estimate the retail demand
for apples and to examine the impact of health-risk information on apple purchases.
Section One presents the econometric model for apples. The econometric model
consists of the retail apple demand equation for the NYC region, the retail apple
demand equation for all other regions, and the retail apple demand and supply equations
for the nation. The model assumes that the national price and the quantity consumed of
apples are determined simultaneously by the national apple supply and demand. We
also assume that the supply of apples at the regional level is perfectly elastic at the
national price plus a fixed transportation cost to the region. Section Two specifies the
reduced-form equations for per capita quantity purchased and for the price of apples in
the NYC region. The section then explores the relationships between the coefficient
estimates for the information variables in the quantity and price reduced-form equations
and in the demand equation for the NYC region. The hypotheses on the effect of
information on price and quantity in the reduced-form equations and on quantity on the
demand equation are stated later in the section. Section Three discusses the methods
used to detect seasonality and to construct a stochastic model for the error structure
associated with the price and the quantity variables. It then explains the estimation

procedure for the demand equation.
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3.1 etric Model es

In developing an econometric model for apples in a regional market such as the
NYC market, the supply and demand relationships at the national market and at the
regional markets should be jointly examined using a system of equations. This is
justified by the assumption that price and quantity are determined simultaneously in the

national market and that the supply of apples to the regional markets is perfectly elastic.

We assume that there are two regions in the national retail fresh apple market:
the NYC region and the aggregate of all other regions.

The national price of apples is determined by national supply and demand. The
supply of apples to the NYC region and all other regions is assumed to be perfectly
elastic at the national price plus a fixed transportation cost. For convenience, we assume
that the transportation cost to the NYC region is greater than zero and the
transportation cost to all other regions is equal to zero. This implies that the retail price
of apples in the NYC region is greater than the national retail price by a fixed
proportion and the retail price of apples in all other regions is equal to the national
retail price.

The econometric model for apples can be expressed in the following four
equations.

The retail apple demand equation for the NYC region is:

g = BiPg + Bpye + Bam/ + B + ¢,

(3.1)
Pe = (1 + 8 pg = cop,;

such that 0<g<1 and c=1+g; where,

r

q, : Per capita apple purchases in the NYC region at time t,

Py : Deflated retail price of apples in the NYC region at time t,
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Py : Deflated retail price of the most common apple substitute (e.g.,

bananas) in the NYC region at time t,

Pg : Deflated national retail price of apples at time t,

m/ : Deflated per capita disposable income in the NYC region at time t,
£ : Health-risk information in the NYC region at time t,

e, : Stochastic error term at time t, where ¢, ~ N(0,0%).

g : Proportionality factor between the national retail apple price and the

retail apple price in the NYC region,
Bl ... BL : The regression parameters.
The retail apple demand equation for the other regions is:

a’ = Bi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>