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Michelle R. Hansmire
and

Lois Schertz Willett*

An economic model was developed to gain an understanding of price flows in the markets
for New York Red Delicious and New York McIntosh apples. Price transmission
processes of two apple products, fresh apples and apple juice, are analyzed and compared.
Specific emphasis is placed on evaluating price lags and price asymmetry, two factors
which complicate the flow of prices between market levels. Results indicate that retail
prices of fresh New York Red Delicious apples and fresh New York McIntosh apples
respond more fully to wholesale price increases than wholesale price decreases. Results
suggest that wholesale prices of fresh New York Red Delicious and fresh New York
McIntosh apples are not determined by shipping point price increases and decreases.
Grower price increases and decreases do impact shipping point prices for fresh New York
Red Delicious apples. However results are inconclusive for fresh New York Mclntosh
apples. The results for the apple juice model suggest that forces outside United States
apple production, namely increasing imports and increasing efficiency in processing and
marketing apple juice, are significant in determining shipping point prices of apple juice.

* Formerly research assistant and assistant professor, respectively, Department of
Agricultural Economics, Cornell University. This project was supported by Hatch Project
No. 121-8304-335. Special thanks to E. McLaughlin and G. White for helpful comments
on an earlier draft of this report. The authors are solely responsible for the views
expressed here and for any remaining errors.
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SECTION 1. INTRODUCTION

Fresh agricultural products are marketed through a three tiered food distribution system
involving the transformation and transportation of food between market levels. The
relationship between prices at the grower and retail levels is difficult to evaluate because
food commodities are transformed through packaging, processing and distribution.
Previous empirical studies of fresh fruits and vegetables have addressed issues such as
price adjustment asymmetry, causality of price flows, and time lags in price transmission
processes (Hall et al., Heien, Ward). However, few studies of commodity pricing
mechanisms, particularly in the fresh fruit and vegetable industries, analyze price
transmission processes for different levels of the marketing and distribution system within
a single industry. This analysis is critical since these industries are confronting changing
supply and demand.

Apples are an important commodity in the United States and are commercially valued at
over one billion dollars in revenue for growers (USDA/ERS). Primarily due to the
development of dwarf varieties and improved cultural practices, apple production has
increased from approximately 4,600 million pounds to 8,000 million pounds (Hallberg).
During the past decade more productive dwarf varieties have reached maturity, and U.S.
apple production has set a record high of 10,700 million pounds in 1987.

Apples are grown in three regions (western, eastern and central) throughout the United
States covering thirty-five states. As shown in Table 1.1, sixty-one percent of all U. S.
fresh apples were supplied by the western region in 1990. The eastern states produced
twenty-seven percent of U.S. apples, and the central states produced approximately twelve
percent of the apples grown in the United States during the 1990 production season. Three
states, Washington, New York and Michigan, are responsible for the majority of apple
production in the United States. The state of Washington produced eighty-one percent of
the western region's total apple production, and yields in New York accounted for thirty-
nine percent of eastern production in 1990. Michigan produced sixty-six percent of the
Central states apples.

Apples produced in the United States are sold for either fresh consumption or processing
uses. As seen in Figure 1.1, approximately one-half of all apples utilized go to fresh
markets and the remainder go to processed markets (USDA/ERS). The allocation of apples
between fresh and processing markets is broadly determined by crop size, apple quality and
price. Apples sold on the fresh market must comply with U.S. grading standards and
regulations. They can be classified as U.S. Extra Fancy, U.S. Fancy or U.S. No. 1 grade
(Hallberg). The market for processed apple products includes: juice and cider, frozen,
dried and otherl apple products (Pearrow). During the last decade, juice apples made up the
largest proportion of apples utilized in processing at approximately 2,000 million pounds
(USDA/ERS).

During the last decade, apples were ranked second in the U.S. consumption of non-citrus
fruits averaging 18.5 pounds per capita (Pearrow). The demand for fresh apples and
processed apple products has fluctuated with changing consumer tastes and preferences.
During the 20th century, per capita fresh apple consumption declined from a high of 62.5

1 Other includes vinegar, jelly, apple butter, mincemeat and fresh slices.



Table L1
APPLES, COMMERCIAL CROP: TOTAL PRODUCTION (MILLION LBS)

State 1988 1989 1990
Eastern States:

Connecticut 38.0 24.0 33.0
Delaware 19.0 15.0 22.0
Georgia 33.0 25.0 22.0
Maine 94.0 69.0 88.0
Maryland 54.0 37.0 38.0
Massachusetts 88.0 78.0 85.0
New Hampshire 57.0 41.0 48.0
New Jersey 65.0 48.0 55.0
New York 910.0 960.0 990.0
North Carolina 350.0 220.0 230.0
Pennsylvania 520.0 320.0 520.0
Rhode Island 6.0 5.5 5.5
South Carolina 38.0 35.0 . 32.0
Vermont 45.0 45.0 41.0
Virginia 4250 325.0 210.0
West Virginia 215.0 115.0 145.0
Total 2957.0 2362.5 2562.0
Central States:

Arkansas 10.0 9.0 12.0
Ilinois 85.0 91.0 60.0
Indiana 56.0 64.0 57.0
Iowa 9.5 11.5 9.6
Kansas 12.0 13.0 8.0
Kentucky 11.0 16.0 9.0
Michigan 830.0 950.0 750.0
Minnesota 140 . 31.0 20.0
Missouri 56.0 55.0 41.0
Ohio 95.0 125.0 120.0
Tennessee 12.5 11.5 8.5
Wisconsin 45.0 65.0 48.0
Total 1236.0 1442.0 1143.1
Western States:

Arizona 0.0 34.0 64.0
California 630.0 675.0 650.0
Colorado 65.0 70.0 35.0
Idaho 135.0 158.0 165.0
New Mexico 10.0 5.3 6.8
Oregon 155.0 160.0 175.0
Utah 40.0 56.0 24.0
Washington 3900.0 5000.0 4700.0
Total 4935.0 6158.3 5819.8

Source: USDA/ERS, Fruit and Tree Nuts Situation and Outlook Report, Selected Issues.
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Figure 1.1 APPLE UTILIZATION 1980-1990.
Source: USDA, Economic Research Service.
Fruit and Tree Nuts Situation and Outlook Report, Selected Issues.

pounds in 1920 to approximately 18.5 pounds2 (Hallberg). In the most recent ten year
period, however, apples have exhibited variation in per capita consumption. Comparing
the first half of the decade to the last half of the decade, as seen in Figure 1.2, fresh apple
consumption has increased from an average of 18.1 pounds per capita to 20 pounds per
capita(USDA/ERS). The emphasis on healthy eating has encouraged consumers to
purchase more fresh apples. Consequently, the demand for traditional processed apple
products like applesauce has either stagnated or declined. At the same time, growth in the
apple juice market has increased to nearly twenty-five percent of the apples used in the
processed market. The growth in the apple juice market can be related to changing
consumer preference trends and an aggressive marketing strategy (Allison and Ricks).

2With increasing population, however, total U.S. apple consumption has not declined
(Hallberg et al.).



25 -
24 L
23 1
2 L
21
20
19
18

17
16 +

15 ] 1 | L L L 1 L | |

1980 1982 1984 1986 1988 1990

Figure 1.2 PER CAPITA FRESH APPLE CONSUMPTION 1980-1990.
Source: USDA, Economic Research Service.
Fruit and Tree Nuts Situation and Outlook Report, Selected Issues.

A. The Apple Marketing and Distribution System

The majority of the nation's apples are harvested from the end of June until the beginning

of November with the majority of the harvest during the month of August.3 The volume of
apples produced in a given year is dependent on the number of bearing trees and the yearly
growing conditions. In the apple marketing system apple producers and consumers
communicate to establish prices for apple products. Seasonality, marketing quality and
apple variety influence the variation of apple prices.

Apples are priced on a daily basis, and different price offers are made for specific varieties,
sizes, and grades of apples. Homogeneity within these categories limits large price
changes on a daily and weekly basis. At the beginning of the month, price offers are
adjusted based on apple stocks held over from the previous month. This process produces
seasonal variation in the price of apples. For example, apple prices generally decline
following harvest in August or September when apple stocks are at their highest, and

3The majority of New York apples are harvested in late September and early October.



continue to drop until they reach their lowest price in October. In February and March,
when fresh apples are scarce, stocks are pulled from storage and prices begin to rise. The
highest apple price is reached just before harvest (McGary). Thus, grower prices of apples
fluctuate from year to year, from month to month, and from week to week (Tomek).

The apple marketing system begins with the grower and ends with the retailer. The
traditional system also includes two intermediary components: the shipping point and the
wholesale distributor. Shippers are the firms responsible for packing, storing and
preparing the fruit for market. Wholesalers procure apples from shippers and move it to
terminal markets where it is purchased by retailers. The retail value of apples is comprised
of the transfer of prices between grower prices and three price spreads: 1) the grower-
shipping point price spread 2) the shipping point-wholesale price spread and 3) the
wholesale-retail price spread. Simply, apples move through a marketing chain from
growers to shippers to wholesalers to retail outlets. Based on the definition of price
spreads, marketing service costs are reflected in the price differentials between each market.

The traditional significance of the wholesale level in marketing fresh apples has diminished
in recent years, and statistics on the movement of apples through the wholesale market are
scarce. In fact, arrival data do not indicate how many apples received in a market actually
passed through the terminal facility (How 1991, p. 295-6). The change in structure and
organization of wholesale markets in recent years indicates retail firms purchase the
majority of fresh fruits from shipping point sources through an integrated wholesale-retail
system. Retailers rely on the wholesale market for specialty items, prepared products or
fill-in purchases (How, 1993). These changes in the wholesale market suggest that
shipping point prices play a greater role in establishing fresh fruit prices at other market
levels. In this analysis, the wholesale market was included to maintain consistency with
previous literature and to develop an understanding of all components of the apple market.

B. Objectives of the Study

The climate in which apple growers operate has changed creating a need for understanding
the price transmission processes at all market levels. The objective of this study is to
develop an understanding of the price transmission processes in the apple industry for both
fresh apples and processed apple juice. Specific emphasis is placed on:

1. Formulating an economic model to investigate grower to retail price
relationships in the apple industry (i.e. price lags and asymmetry).

2. Comparing price transmission responses between product
varieties and forms (i.e. apple juice and fresh apples).

Based on considerations of data availability, economic models were developed for both
fresh and juice markets. Grower, shipping-point, wholesale, and retail market levels were
included in the fresh market models. Grower and shipping point market levels were
included in the juice market models. Data on New York Red Delicious and New York
Mclntosh apples were used in the analysis. In Section II, the traditional assumptions of the
markup model and development of marketing margin theory are presented. The
implications of choosing the markup model are then canvassed, and the generalized model
is explained. In Section III, the estimation procedures are reviewed and a discussion of
results follow. Finally, conclusions and extensions are presented in Section IV.



SECTION I1. MODEL DEVELOPMENT

The study of price transmission processes is based on price spreads and the theory of joint
demand. The theory of joint demand stipulates that market based interactions at the retail
level determine both the demand for retail food products and the demand for farm
commodities as factors of production. The study of price spread relationships has relied on
five assumptions which underlie the theory of joint demand and connect the markets for
retail food, farm output, and marketing services within the food distribution system. These
assumptions are: 1) perfect competition, 2) static equilibrium, 3) fixed proportions of
inputs as factors of production, 4) constant supply of marketing inputs, 5) and immediate
response of price changes from one level of the marketing system to the next level (Tomek
and Robinson). Within this framework, market based interactions at the retail level
determine the demand for both retail food products and the demand for farm commodities.
The costs of marketing inputs, however, are assumed to be determined by forces outside of
retail demand. \

In modeling price spreads, the costs of marketing inputs have been expressed in terms of
pricing rules. For example, George and King hypothesized that the costs of marketing
services within the food marketing system could be represented by an absolute markup and
a percentage markup over retail price. Alternative pricing rules were later developed
(Gardner, Heien, and Wohlgenant), and in this analysis, a markup price similar to that
specified by Heien was chosen.

A. Justification of the Markup Model

Due to the absence of a market wide auctioneer to drive the market clearing price (zero
inventory) and the operational difficulty of restocking a zero level inventory, Heien
hypothesized that managers rely on price changes at lower levels of the food distribution
system to change retail prices. Using the conceptual framework specified by Gardner,
Heien formulated a dynamic model based on a markup pricing rule, such that

(I1.1) r=ajw+azz

Retail price (r) is related to percentage markups a; and a;* over wholesale prices (w) and
the prices of other inputs (z). Heien proved his approach is economically and
mathematically consistent in both short run and long run scenarios. In the short run, he
used a Leontief production function which operates under the assumption that the inputs of
production are required in fixed amounts. Heien argued that in the short run firms operate
with fixed technology and cannot adjust to changes in factor prices. In the long run, he
conceded that substitution may occur and, therefore, he used a Constant Elasticity of
Substitution (CES) production function. Empirical tests of the markup model led to stable
solutions suggesting that the markup pricing rule proposed by Heien produced consistent
results with constant returns to scale and fixed technology.

The foundation of the markup pricing model rests on the hypothesis that prices of
agricultural products and other inputs at lower levels of the marketing system cause prices

4a) and a, are exogenous variables determined by past prices.



at higher market levels.3 Causality tests, formulated by Granger and Sims to determine the
direction of price information flows, are not used in this analysis because they are
ambiguous, unreliable and heavily influenced by lack of variability in the data (Heien).
Furthermore, in Heien's study of causality, the direction of price flows for a high
percentage of the products studied fell into an "independent” range, where the direction of
price flows was undetermined. Apples was one of the products. Consequently, causality
from lower to higher market levels is assumed in this analysis, and tests for the existence of
price lags and asymmetric price transmission behavior are developed under this hypothesis.

As mentioned previously, use of the markup model to describe price transmission in the
apple industry is also dependent on three assumptions. First, a Leontief production
technology is assumed. Second, constant returns to scale are assumed. Third, competitive
markets prevail. Each assumption is addressed below.

The use of Leontief production technology implies that agricultural and marketing service
inputs are used in fixed proportions. The relatively small amount of marketing service
inputs required to market fresh apples and the limited technology employed in processing
apple juice restrict the opportunities of substitution between factors of production.
Consequently, the modeling of fixed proportions of factors of production in the apple
industry is justified.

Constant returns to scale implies constant marginal costs which further imply that the
volume of apples moving through the marketing system is not a relevant variable in the
price transmission process (Kinnucan and Forker). The data suggest that over the ten year
period, 1980-1990, fresh apple prices have remained relatively constant despite variable
production. Furthermore, constant returns to scale in food processing technology is
assumed in other studies of fresh fruit and vegetable markets (Ward; Thompson and Lyon;
Carmen, Karrenbrock and Pick; and Heien) and supported by the results of Wohlgenant's
research.

The apple industry is divided into five regions throughout the United States. Thirty-five
states are involved in commercial production (USDA/ERS). Within each state hundreds of
firms are involved in the production of apples. Several buyers of the apples exist in most
regions. Therefore, the competitive market assumption is justified.

One of the drawbacks of the markup model is that it can only measure changes in price
flows when shifts occur in either retail demand or agricultural supply, but not both. During
the past decade, the apple industry has experienced shifts in both retail demand and supply.
A large apple crop in 1987 followed by the alar incident in 1989 caused shifts in both
supply and retail demand (USDA/ERS). In their study of price transmission processes for
several dairy products Kinnucan and Forker conceded that "the existence of large
inventories is expected to neutralize the effect of demand shifts because stocks and not
prices would be affected” (Kinnucan and Forker pg. 290). This reasoning can also apply
to the apple industry. As semi-perishable commodities, apples are stored throughout the
marketing season and supply and demand shocks can be mitigated accordingly.

3This implies a causal flow from grower prices to shipping point prices, from shipping
point prices to wholesale prices, and from wholesale prices to retail prices.



B. Generalized Equations of the Apple Marketing System

As described in Section I, the fresh apple marketing system is characterized by the grower
price and three price spreads: 1) the grower-shipping point price spread, 2) the shipping
point-wholesale price spread, and 3) the wholesale-retail price spread. The transfer of
prices between these levels comprises the retail value of apples (Pearrow). From this
framework, two sets of equations were developed to test for price lags and asymmetric
price transmission behavior in the apple marketing and distribution system.

In the generalized equations for each market level, price is defined as a function of markups
over the price of apples at a lower market level and the cost of marketing service inputs.6

More specifically, retail prices are viewed as a function of wholesale prices and an index of
average retail earnings for non-agricultural workers in retail trade (RET). This relationship
can be expressed as

(I1.2) RETAIL PRICE = f)(WHOLESALE PRICE, RET, u;).

The variable RET was chosen to represent the costs store managers incur in retailing
apples.

Wholesale prices are specified as a function of shipping point prices and a transportation
variable (TRANS). The relationship can be expressed as

(I1.3) WHOLESALE PRICE = f»(SHIPPING POINT PRICE,
TRANS, 1)

TRANS represents the cost of moving apples between shipping points and wholesale
levels.

Shipping point prices are specified as a function of the grower price and the interest rate
(IR). The interest rate is a proxy variable representing the opportunity cost growers forego
by placing their apples in storage as seen by

(I1.4) SHIPPING POINT PRICE = f3(GROWER PRICE, IR, u3).

The apple juice marketing system is also characterized by the grower price and three price
spreads: 1) the grower to shipping point price spread, 2) the shipping point to wholesale
price spread, and 3) the wholesale to retail price spread. In this analysis data limitation
precluded analysis of market levels other than the grower to shipping point price spread.
The shipping point price for apple juice is specified as a function of grower prices and the
interest rate (IR), chosen to represent the opportunity costs of holding processing
equipment. This relationship can be seen as

6A wide variety of inputs go into marketing a product (Harp). To avoid problems of
multicollinearity and the lack of data, one variable was chosen to represent marketing
inputs. This variable is an index of marketing costs representing the largest cost
component of marketing apples at each market level. .



(11.5) SHIPPING POINT JUICE PRICE = f4{GROWER PRICE,
IR, 14).

C.  Theoretical Considerations in Examining Price Lags and Asymmetry
1. Development of a Polynomial Price Lag Structure

The lagged effects of price transmission between market levels are commonly thought to
occur due to institutional and technological constraints. Neither economic theory nor
empirical evidence from the apple industry provide sufficient information for choosing a lag
structure and determining lag length. Based on the research of Ward, the polynomial lag
structure is hypothesized to provide an appropriate representation of a lagged pricing
structure in the apple marketing and distribution system.

A low order polynomial of degree two with a lag length of four was chosen. A polynomial
of degree two was chosen to conserve degrees of freedom. A lag length of four was
chosen to reflect the time for the apple marketing system to clear. Three sets of equations
covering the grower-shipping point, shipping point-wholesale and wholesale-retail price
spreads for the fresh market were generated from the general specification of polynomial
lags and Heien's markup model. An equation for the grower- shipping point price spread
was generated for the juice market.

2. Irreversible Functions and Price Asymmetry

The empirical study of price response asymmetry requires special consideration in
estimating techniques and procedures. The hypothesis of asymmetric price response
behavior is based on the premise that price increases and price decreases at lower market
levels have different impacts on retail price. For example, a simple model which could be
used to study price transmission response specifies retail price (P,) as a function of
wholesale price (Py,) as seen by:

(I.6) P,= fiP,).

If it is believed that price response behavior is asymmetric, the P, variable is irreversible.
Irreversibility implies that increases and decreases in the independent variable affect the
dependent variable differently. Hence, a model in this form cannot be estimated by least
squares or related procedures.

Including an irreversible variable in a model without specifying it correctly, in terms of
increases and decreases, influences least squares estimation in two ways. First, it is
impossible to determine the partial influence that each independent variable has on the
dependent variable. Second, the coefficients of all other independent variables may be
distorted, and the distortion may be so significant that signs of the coefficients are changed
(Wolffram).

Wolffram's mathematical representation of an irreversible function involves splitting the
irreversible variable into an increasing variable and a decreasing variable. More
specifically, first difference calculations are used to separate the independent variable into



two segments. For example, the variable P, representing increases of the initial Py,

variable, is created by adding the positive first differences to the initial data value.” A P"
variable representing decreases in the initial Py, variable is derived in a similar fashion.
Technically, this separation technique requires that the newly formed variables representing
increases and decreases meet the following conditions:

1) The opposite effects found in the irreversible variable are completely divided so
that the change in P, is distinctly separated into increasing(P,,') and decreasing
(Py") components.

2) The number of observation values remains constant.

3) The sequence of rates of change and the position of the respective positive and
negative values remain in sequence and are not altered.

4) "The variance of the dependent variable explained by the two newly formed
variables has to correspond to the actual variance which has been caused by the
particular independent variable.” (Wolffram p. 357)

Based on Wolffram's separation techniques, Houck created a more operationally functional
estimation procedure. The model differs from that explained by Wolffram because it looks
at the net relationship between period to period changes. The benefits of this approach are
that it does not require changing signs of the coefficients for comparison, and it defines the
intercept term as a trend variable. Houck also emphasized that the first observation has no
independent explanatory power because the issue of interest is the differential effects or
changes from the previous level and not the initial level.

The hypothesis from which Houck derives his model is that one unit increases in the

independent variable, X, and one unit decreases in X have different impacts on Y, the
dependent variable. Mathematically, the relationship is expressed as

(IL.7) AY;

Bo + B1 AXi + B2 AX;"

where;

AY;= Y- Y,
AX; = X;- X;.1 if Xi > Xi.1; =0 otherwise,
AX;" = X; - X;.1 if X; < X.; =0 otherwise.

The equation above is linked to the initial data value through the following expression:

(I18) Y;=Yp+ Y., AY.

TWolffram chose the first data point as his reference variable because it aids in identifying
the first variable. The initial value, however, need only be a number greater than or equal
to zero.

10



Substituting equation I1.8 into equation I1.7, Houck's version of an irreversible equation
is specified as

(11.9) Y* = Pot+ BiR* + B D%

where:
D*[= 2 AX”i,
R*% =Y ax},
t = trend, and
Y*t= Yt- Y().

According to this equation the sign of R¥, the period to period increases, should always be
positive and the sign of D*, the period to period decreases should always be negative. The

coefficients B and B, should be positive (negative) when a positive (negative) net
relationship exists between X and Y.

Specifying the general equations in this manner enables testing the null hypothesis that
pricing structure in the apple industry is symmetrical

Hy: Bi=p>

against the alternative

Hg: B1# B2

that the pricing structure in the apple industry is asymmetric. The t-statistic used for this
test is

(IL10) t = BLopn_B1-p2)
yvar(BD) + var(B2) — 2cov(B132)

where f; and B> are the estimated coefficients on the rising and falling prices respectively.
The values for variance and covariance are calculated during the estimation procedure.

D. The Empirical Model Used to Estimate Price Lags

Based on the theoretical discussion of price lags, an empirical model was developed for the
apple industry. To develop an understanding of how apple variety and product form may
influence price transmission processes within a single industry, the model is specified for
the fresh and processed market. Both New York Red Delicious and McIntosh apples are
considered in the fresh market. The wholesale-retail point, shipping point-wholesale and
grower-shipping point price spreads are examined for the fresh market. Only the grower-
shipping point price spread is analyzed for apple juice.

11



1. Wholesale-Retail Price Spread

At the retail level two equations were formulated for fresh apples; one equation for New
York Red Delicious apples and another equation for New York Mclntosh apples.

The retail price of New York Red Delicious apples is defined as a function of the lagged
wholesale prices of New York Red Delicious apples (WPNRO, WPNR1, WPNR2) and
the cost of retailing apples (RET) as seen by

(I1.11) RUS; = ag + o) WPNRO; + ap WPNRI1,; + a3 WPNR2,;
+ 0y RET; + €1,

where RUS is the retail price of fresh apples in the United States. WPNRO, WPNR1,
and WPNR2 are variables derived from the polynomial lag specification explained in
Table II.1 and in Appendix 1. The variable RET is not lagged to conserve degrees of
freedom. Furthermore, it is believed that store managers like to "smooth values" of
marketing inputs to avoid changing prices (Heien).

Table IL1
WHOLESALE PRICE LAGS FOR NEW YORK RED DELICIOUS APPLES

WPNRO = WNYRD + WNYRD1 * DUM1! + WNYRD2 * DUM2
+ WNYRD?3 * DUM3 + WNYRD4 * DUM4

WPNR1 = WNYRDI1 * DUMI + 2 * WNYRD2 * DUM2 + 3 * WNYRD3 * DUM3
+4 * WNYRD * DUM4

WPNR2 = WNYRD1 * DUMI +4 * WNYRD2 * DUM2 + 9 * WNYRD3 * DUM3
+ 16 * WNYRD4 * DUM4

where:

WNYRDI = Wholesale Price of New York Red Delicious Apples Lagged 1 Period
WNYRD2 = Wholesale Price of New York Red Delicious Apples Lagged 2 Periods
WNYRD3 = Wholesale Price of New York Red Delicious Apples Lagged 3 Periods
WNYRD4 = Wholesale Price of New York Red Delicious Apples Lagged 4 Periods

lDummy Variables (DUM1, DUM2, DUM3 and DUM4) allow for estimation of
discontinuous time series and seasonal data. A complete discussion can be found in Section
M1, Estimation and Empirical Results, of this report.

According to the theory of marketing margins, and the theory of derived demand, the signs
on all coefficients are expected to be positive. Rising prices at the wholesale level are
expected to cause price increases at the retail level. Moreover, increasing costs of
marketing service inputs are also expected to add to retail costs.

The equation defined for New York McIntosh apples is analogous to the equation described

for New York Red Delicious apples except that the lagged wholesale prices for New York
Mclntosh apples (WPNMO0, WPNM1, WPNM2) are used such .that
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(I.12) RUS;= By + 1 WPNMO, + B, WPNMI, + B3 WPNM2,
+ ﬂ4 RET; + €.

The lagged wholesale price variables for New York Mclntosh apples are derived
analogously to those in Table II.1 and are explained further in Appendix I. The signs of all
the coefficients are expected to be positive.

2. Shipping Point-Wholesale Price Spread

Wholesalers pay shipping point prices and receive wholesale prices for the product.
Empirical evidence suggests that transportation costs are the largest marketing cost
component at this level of the marketing system (Pearrow). Therefore, a variable of
transportation rates was included in the model.

The equations derived to represent the shipping point-wholesale price spread are:

(11.13) WNYRDC; = Y + v FPRDO; + v» FPRD1; + v3 FPRD2;
+ Yy NYAT; + €3,

(I1.14) WNYRDC; = & + 8; FPRDO; + & FPRDI, + 83 FPRD2,
+ 84 NYNYC, + €4,

(I1.15) WNYMCC, = ¢p + ¢; FPMCO, + ¢ FPMCI, + ¢3 FPMC2,
+ ¢4 NYAT; + €5, and

(11.16) WNYMCC; = Ag + A; FPMCO;+ A» FPMCI; + A3 FPMC2,
+ Ag NYNYC; + €4

Equations II.13 through II.16 suggest that the wholesale price of New York Red
Delicious apples (WNYRDC) and MclIntosh apples (WNYMCC) are a function of the
polynomial lag price structure of shipping point prices (FPRDO, FPRD1, FPRD2,
FPMCO, FPMC1 and FPMC2) and transportation costs from New York to New York

City and from New York to Atlanta (NYNYC, NYATS). The polynomial lag structures
for the shipping point prices are more fully described in Appendix I

NYAT and NYNYC represent the truck rate of each container of tray packed apples from
central New York to Atlanta and from central New York to New York City respectively. It
is assumed that current supply and demand forces are primarily responsible for apple
movements and that current transportation costs do not limit apple movement.
Consequently, the transportation variables are not lagged. Under the assumption that
shipping point prices cause wholesale prices, the coefficients on the lagged price variables
are expected to be positive. Similarly, increased transportation costs should lead to
increased wholesale prices.

8 Transportation costs were used for two cities, New York and Atlanta, to test for
consistency of the results.
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3. Grower-Shipping Point Price Spread

At the grower-shipping point level of the apple marketing and distribution system, two
equations were developed to explain the shipping point price: one for New York Red
Delicious apples (FHVRDC) and another for New York McIntosh apples (FNYMCC).

The equation for Red Delicious apples is

(I1.17) FHVRDC; = ng + n; FPPO; + N2 FPP1; + n3 FPP2;
+ Ny IR, + €.

The equation for New York McIntosh apples is specified similarly as seen by

(11.18) FNYMCC; = ¢g + ¢ FPPO; + @2 FPP1; + @3 FPP2;
+ @4 IR; + €.

The shipping point prices of New York Red Delicious apples (FHVRDC) and New York
Mclntosh apples (FNYMCC) are caused by lagged grower prices for fresh apples
(FPPO, FPP1, FPP2) and the opportunity cost of storage (IR). See Appendix 1 for
development of the polynomial lag structures.

The opportunity costs of storage are represented by the current interest rate (IR) because
shipping point distributors forego interest on the value of apple stocks in storage.

As explained for the previous market levels, the expected signs on the lagged price
variables are positive. Increases in grower prices should lead to increases in shipping point
prices. The expected sign on the variable representing storage costs (IR) should also be
positive as increases in the costs of storage are hypothesized to be reflected in increased
shipping point prices. :

4. Grower-Shipping Point Price Spread for Apple Juice

The shipping point price of apple juice is a function of the polynomial lagged grower prices
for processing apples® (FPPO, FPP1, FPP2J and the interest rate (IR). In this form, IR
was chosen to represent the opportunity costs of holding processing equipment as seen by

(11.19) JUICE; = t + t; FPPO; + 1 FPPl; + 13 FPP2,
+ 14 IR; + €9,

The coefficients on the lagged grower price variables are expected to be positive.
Similarly, increases in the interest rate should lead to increased shipping point prices.

9 Monthly data for the price of processing apples was unavailable. Based on a comparison
of fresh and processing price data collected on a yearly basis, and the nature of the apple
market, grower prices for fresh apples were deemed a suitable proxy for the price of
processing apples.
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E. A Description of Price Symmetry

Based on the research of Wolffram and Houck described earlier in the chapter, the
generalized price transmission equations were specified as irreversible functions to test the
hypothesis of price symmetry. Because the markup model is hypothesized to represent the
underlying pricing structure in the apple industry, the price variables and variables
representing marketing costs remain the same as those described previously. The price of
apples at higher market levels are a function of price increases and decreases at lower
market levels. The coefficients of variables representing price increases and price decreases
should be positive as they have a net positive impact on higher market level prices.

Nine equations were derived for this study. Two equations, I1.20 and II1.21 describe the
wholesale-retail price spread for fresh New York Red Delicious apples and fresh New
York MclIntosh apples. The shipping point-wholesale price spread is captured by equations
11.22 through IL.25. Four equations are used to reflect two apple varieties, New York
Red Delicious and New York Mclntosh, and two transportation rates, New York to New
York City and New York to Atlanta. The grower-shipping point price spread for fresh
New York Red Delicious apples and fresh New York MclIntosh apples are measured by
equations I1.26 and I1.27. The grower-shipping point price spread for apple juice is
captured by equation I1.28. These equations are:

1. Wholesale-Retail Price Spread
(11.20) RUS;= y; + w2 RUWNYRD; + y3 FDWNYRD;
+ Y4 RET; + €10x,
(11.21) RUS;= w11+ w12 RUWNYMC; + y13 FDWNYMC,
+ V14 RET; + €114,

2. Shipping Point-Wholesale Price Spread

(I1.22) WNYRD; = y2; + y22RUFHVRD, + w23 FDFHVRD;
+ Y24 NYAT, + €12, -

(11.23) WNYRD;= y3; + Y32 RUFHVRD; + y33 FDFHVRD,
+ Y34 NYNYCy + €13,

(11.24) WNYMC; = w41 + wg2 RUFNYMC, + w43 FDFNYMC;
+ Wy NYAT; + €14,

(11.25) WNYMC; = ys; + w52 RUFNYMC, + ys53 FDFNYMC;
+ Y54 NYNYC, + €;5,

3. Grower-Shipping Point Price Spread
(11.26) FHVRDC; = yg;1 + W52 RUUFP; + yg3 FDDDFP,

+ V4 IR + €16,
(11.27) FNYMCC,; = y7; + y72 RUUFP; + y73 FDDDFP;
+ W741IR; + €171, and
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4. Grower-Shipping Point Price Spread for Apple Juice

(11.28) JUICE, = wg; + Wg2 RUUFP, + yg3 FDDDFP,

+ w4 IR + €18

The difference in the equations stems from the separation of the "leading” price variables
into price increases (represented by the prefix RU) and price decreases (represented by the
prefix FD). A detailed explanation of the variables used can be found in Table I1.2.

Table 11.2

PRICES USED IN TESTING FOR PRICE ASYMMETRY

RUS

RUWNYRD
FDWNYRD

RUWNYMC
FDWNYMC

WNYRD
WNYMC

RUFHVRD
FDFHVRD

RUFNYMC
FDFNYMC

FHVRDC
FNYMCC
JUICE

RUUFP
FDDDFP

WHOLESALE-RETAIL PRICE SPREAD

Retail price of fresh Red Delicious apples

Increasing wholesale price of New York Red Delicious apples
Decreasing wholesale price of New York Red Delicious apples
Increasing wholesale price of New York Mclntosh apples
Decreasing wholesale price of New York Mclntosh apples

SHIPPING POINT-WHOLESALE PRICE SPREAD

Wholesale price of New York Red Delicious apples
Wholesale price of New York MclIntosh apples

Increasing shipping point price of New York Red Delicious apples
Decreasing shipping point price of New York Red Delicious apples
Increasing shipping point price of New York McIntosh apples
Decreasing shipping point price of New York MclIntosh apples

GROWER-SHIPPING POINT PRICE SPREAD

Shipping point price of New York Red Delicious apples
Shipping point price of New York McIntosh apples
Shipping point price of apple juice

Increasing price received by growers for fresh apples
Decreasing price received by growers for fresh apples
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SECTION III. ESTIMATION PROCEDURES AND EMPIRICAL
RESULTS

In this section, the estimation procedures and empirical results of price transmission
processes for the three market levels of the apple industry are reported. The results of
estimation for both lag structures and price symmetry are analyzed. The results of the
polynomial lag estimation are discussed, and changes to the original lag structure are
presented.

A. Data Sources

Monthly prices from 1980 through 1990 are analyzed for New York Red Delicious and
New York Mclntosh apples. Prices at the wholesale and shipping point levels represent the
price of apples in forty-two pound carton tray packs. Retail and grower prices!0 represent
the prices, in cents per pound, received on all fresh apples in the United States. The price
series are not deflated because the purpose of this analysis was to examine the behavior of
nominal prices and not relative prices. Furthermore, different deflators are required for
each market level making comparisons between levels difficult.

Fresh apple prices were published by the Agricultural Marketing Service, the USDA, and
the Bureau of Labor Statistics. Shipping point prices for apple juice in twelve thirty-two
ounce containers were found in the Food Institute Report. Data for variables representing
marketing inputs (RET, IR, STOR) are from The Survey of Current Business and Cold
Storage Report. All raw data used in this research can be found in Appendix 2.

B. Estimation Procedures

Apples are a semi-perishable commodity harvested each fall, and stocks are not carried over
from year to year. In some cases, like New York Red Delicious and New York Mclntosh
apples, supplies of fresh apples are not sufficient to last from season to season.
Consequently, apple price series are both discontinuous and seasonal. An econometric
technique, developed by Ward, was used to handle data with gaps and seasonal price
flows. A matrix of dummy variables, where the columns of the matrix represent the
current and lagged periods, was specified to ensure that only relevant prices are taken into

account during the estimation process.!1

Joint determination of apple allocation between the fresh and processing markets allows for
correlation between the error terms. Therefore, Seemingly Unrelated Regression (SUR)
techniques were initially considered for estimation in this analysis. Furthermore, the use of
Seemingly Unrelated Regression (SUR) implies that the error terms are

10Beginning in 1985, New york apple grower prices are based on packinghouse door
equivalent rather than as sold price. Washington state apples have always been reported as
packing house door equivalent. Because of data availability, grower price data used in this
analysis are national statistics which have no change in definition reported in 1985.

NDummy variables (DUM1, DUM2, DUM3 and DUM4) are created for discontinuous and
seasonal data described by Ward. They are used in the development of the polynomial
lagged structure described in Section II.
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contemporaneously correlated. This is a reasonable assumption because random events,
such as weather, affect all levels of the marketing system and are captured by the error
term. However, the market levels used in this analysis are not directly comparable and data
for the apple juice market were only available at the grower-shipping point level.
Consequently, the model was estimated using Ordinary Least Squares (OLS). Consistently
low Durbin-Watson statistics required the use of the autoregression correction procedure
(FGLS). SAS was used for all estimation,

C. Results of the Polynomial Price Lag Structure

The three sets of equations using a polynomial lag structure and covering the wholesale-
retail, shipping point-wholesale, and grower-shipping point price spreads were estimated.
Across all equations, the Durbin-Watson statistic revealed the presence of autocorrelation.
Consequently, the models were re-estimated using the autoregression correction procedure
(FGLS). Counter-intuitive signs on lagged price variables at all levels of the market and
the lack of theoretical support for retaining the polynomial lag structure, led to the rejection
of the polynomial lag structure of apple price transmission.

D. Distributed Lags

In order to more fully explore the role of lagged prices in the apple industry, the lagged
price spread equations were re-specified using a distributed lag formulation.

The distributed lag structure was estimated for the three levels of the apple marketing and
distribution system. The original estimation of the second degree polynomial lag structure
required the use of four lags. Consequently, each distributed lag equation was originally re-
estimated with four lagged periods. The results indicated that lags of four months are not
important for fresh apples and apple juice. The results found in Tables II1.1-II1.4 suggest
that distributed lag models specified as either a combination of current price and price
lagged one period or as only one of these prices had the greatest significance.

R-square values for the equations estimated using FGLS ranged from 0.749 to 0.902.
Strong positive t-ratios were found on both the current price and price variables lagged one
period across all market levels. Relatively high Pearson correlation coefficients between
price variables indicate high inter-correlations between variables. Explaining the
significance of the current price in the price transmission process is difficult. Even if the
wholesale market is fully integrated and operationally efficient, as argued by Ward, it
seems improbable that price information from one market level can be transmitted
instantaneously to the next market level. Hence, the results from this estimation process
suggest that monthly data were insufficient to determine appropriate lag pricing structures
for the apple industry. In other words, the lag prices operating in the apple industry may
lie somewhere between the current price and the monthly price.
