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ClHle s

ABSTRACT
OPTIMAL CARRYOVER POLICY FOR THE UNITED
STAfES NAVY BEAN INDUSTRY
By

Ross Owen Love

Michigan growers produce about 64 percent of the
world's supply of navy (pea) beans. Price paid for navy
beans ranged from about $8.00 per hundredweight to over
$46.00 per hundredweight from 1966 to 1975. That same
period was marked by declining‘yields, the end of govern-
ment loan programs and increased competition in export
markets. Concern over these attributes lead to the ques-
tion of optimal carryover levels for navy beans.

Optimal levels were estimated for sets of specific
assumptions through employment of the Gustafson carryover
stocks model. This study went beyond previous applications
and added: export demand, stochastic demand, econometric
estimation of production mean and distribution and computer
program. A data base and econometric model were established
to facilitate the carryover model.

Optimal carryover was particularly sensitive to
marginal cost and elasticity of demand. More generally, it
would appear that in years of relatively good production

insufficient crop is carried over.
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CHAPTER 1

Introduction

The United States produces about 65 percent of the
world's supply of navy (pea) beans and most of the United
States production comes from the State of Michigan. Michigan
has produced from 93 to 100 percent of the annual domestic
production over the last 20 years. Occasionally very limited
production occurs in other states, primarily in Minnesota.
Navy beans and the broader category of all dry edible beans
are important crops in the agricultural areas of Michigan.
Navy beans made up about 80 percent of all dry beans produced
in Michigan over the ten year period 1966 to 1975. The value
of production of all dry beans rankshigh among the state's
major agricultural commodities. A total value of $129,146,000
in 1975 made dry beans the fourth most important agricultural
commodity produced in Michigan (see Table 1-1).

The industry is concentrated in the Saginaw Valley
and "Thumb" regions of Michigan. This is largely due to the
peculiar soil and climatic conditions necessary to produce
the crop. Because of this geographic concentration, weather
abnormalities in a small region can cause large fluctuations

in production. Wide variations in production and price of

navy beans have become common occurrences over the decade

from 1966 to 1975, with production Varying as much as 40

1



Table 1-1 Michigan Cash Receipts From Marketings: Top 8
Agricultural Products For 1975

Product Cash Receipts (1,000 Dollars)
Dairy 376,314
Corn 202,890
Cattle and Calves 163,042
Dry Edible Beans 129,146
Wheat 128,452
Hogs 104,801
Vegetables 83,202
Soybeans 65,821

Source: Michigan Agricultural Statistics, 1976.

percent from one year to the next. Price has ranged from
about $8.00 per hundredweight to over $46.00 per hundred-
weight during the same time period. Such variation has led
to much concern among producers, processors, and inevitably
final users. In the past few years there has been renewed
interest in adjusting carrover stocks or reserves of agricul-
tural commodities as a method of reducing supply variation.
Objectives of reserve programs can include: price stability,
producer welfare, and the facilitation of emergency reserves.
Such carryover adjustment may be one method of reducing the

adverse effects of wide variability of production (and price)



of navy beans.

1.1 Research Objectives

The objectives of this study are:
Primary

1. Develop optimal carryover stocks rules, based
on differing sets of specific assumptions, for

the U.S. navy bean industry.

Supportive

2. Estimate U.S. supply and demand relationships
for navy beans: a. To supply the necessary
input data to the stocks model.' b. To estab-
lish a workable base for econometric estimation
with respect to navy beans.

3. Collect and summarize selected time series data
on the production and marketing functions of the

navy bean industry.

Objective one will involve the employment of a navy
bean storage model based on the grain storage model developed
by Robert Gustafson [1958]. As the model is used for this
study many of the restrictive assumptions made in earlier
applications will be revised to improve estimation and risk
handling capabilities. Implementation of this model will
require the use of the supply and demand relationships devel-

oped in objective two. The model output will indicate a set

of optimal carryover stocks corresponding to various annual

production possibilities. The model will be tested for



sensitivity to specified changes in the predetermined
conditions.

Objective two will involve estimation of an econo-
metric model of U.S. supply and demand for navy beans.
Ordinary least squares procedure is used to estimate struc-
tural equations for acres planted and yields on acres planted
for the supply analysis. Two stage least squares procedure
will be used to estimate the demand structure, consisting
of a simultaneous system of two estimated equations (domestic
and export) and an identity. Data collected in objective
three will be employed in the fulfillment of this objective.

Objective three will involve the extensive collection
and recording of time series data concerning the production
and marketing processes of the industry for the twenty-five
years from 1951 to 1975. Particular trends and recent

developments will also be noted.

1.3 Format of the Study

This study will be arranged in the following manner.
Chapter one is an introduction. Chapter two will be a short
description of the navy bean industry in Michigan and the
various problems faced by that industry today. Chapter
three specifies the storage model, along with a review of its
historical background and a discussion of the basic economic

framework. Chapter four presents the supply and demand

analysis, including the theoretical basis for the econometric

model, estimation of the model and an analysis of the results.



Chapter five includes the estimation of the carryover model
for navy beans and an analysis of the results. Chapter six

is a summary and discussion of possible future research.



CHAPTER 2

The U.S. Navy Bean Industry

2.1 Introduction

/

Production of navy beans in the United States 1is \\\
highly concentrated in the State of Michigan. In the period
of 1966 to 1975, an average of 98 percent of the navy beans
grown in the U.S. were grown in the Saginaw Valley and
"Thumb" regions of Michigan. During the same period of time,
80 percent of all dry edible beans produced in Michigan
were navy beans. Dry beans are an important agricultural
commodity in Michigan. Dry beans ranked fourth in value
among all agricultural commodities in 1975 in the state,
with a total value of $129,146,000. A distribution of dry
bean acreage by county in Michigan is shown in Figure 2-1.

Weather has likely been a major factor in the
concentration of the industry into such a small geographic
area. Hayenga [1968] reported that, "since the navy bean
plant appears especially sensitive to temperature, about
75°F during particular stages of plant growth, the
resulting lower yields and profitability in some of the
warmer areas of the state have likely been a major factor
leading to production concentrations in the cooler northern
'thumb' area of Michigan."

Rather and Pettigrove [1944] stated "there is good
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land south of the bean area, but prolonged high summer
temperatures are unfavorable to pollination and the setting
of well filled pods. North of the regular Michigan bean
areas, fall frosts are likely to damage the crop before it
has reached full maturity."

Such geographic concentration also means that yearly
changes from normal weather in the area can have a dispro-
portionate effect on U.S. navy bean production. Even
within Michigan, acreage has trended toward increased geo-
graphic concentration. The percentage of the state total
acreage in Tuscola, Saginaw, Gratiot and Bay counties has
changed by five year periods starting with 1950-54 as
follows: 30, 41, 47, 49 and 52 percent in 1970-74. This
in part leads to the wide production and price variations
mentioned in the first chapter.

Variability is certainly not new to the industry, as
Dale Hathaway stated in 1955: "The most notable attribute
regarding the production of beans in Michigan has been its
variability. Few crops grown in the state have undergone
such striking year-to-year variations" (Hathaway[1955]),
but with the support price being at an ineffectual level
for so many years and the subsequent end of government
support programs for navy beans, the industry has exper-

ienced increased variability in price as well as production.



2.2 Market Structure

2.2.1 Domestic

The navy bean industry in Michigan is characterized
by a large number of growers, typically growing navy beans
in rotation with other crops and navy beans usually make
up only a minority of any producer's total acreage.
Disease and insect problems and uncertainty of return have
been important factors leading to these cultural practices.

Producers commonly deliver their navy beans to local
grain elevators, which have storage, drying, trucking and
rail facilities. Producers generally either store their
beans with the elevator at a cost to the producer, or sell
outright to the elevator. Those elevators which are set
up to handle navy beans are usually known within the indus-
try as "shippers." Although there are several independent
shippers around the State of Michigan, the majority of the
navy beans produced are handled by four major companies
or cooperatives: Michigan Bean Company (a division of
Wickes Company), Michigan Elevator Exchange, Blount Agricul-
ture and Frutchey Bean Company. The very nature of the
structure of the industry with its many producers and few
shippers may in part cause some of the present uncertainty
in the industry. First, prices paid to producers for navy
beans are determined by a small group of shippers, based
on their expectations and prediction as to domestic and
export market strendth and the total production. Even

among such a small group, the limited information available
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to these shippers is generally not publicly distributed for
obvious business interests. Also, with a large number of
producers in a limited area and a crop which often is not
considered of major importance by the USDA, there is a true
paucity of information available to the individual producer.
Often early spring automobile trips or roadside surveys by
the individual are the only estimate of acres planted a
producer can get. It is not unusual for various buyers
within a single elevator to differ greatly in the predic-
tions as to the amount of acres to be planted to navy beans.
The USDA makes no estimates as to the extent of carryover
in the industry from one season to the next nor do they
publish historic weighted prices received by producers.
Given the close proximity of the various producers, specu-
lation and rumor may play as important a role as prospec-
tive world and domestic markets, production costs and
returns and opportunity costs of alternative crops. Thus
it seems that the lack of good, accurate information adds
to the already uncertain situation of weather and markets
faced by all segments of the production chain from produc-
ers to retailers. |

The beans purchased by shippers generally find
their way into one of two outlets, the domestic market or
the export market. About 79 percent (1971-1975 average) of
all U.S. navy beans produced are taken by the domestic
market. Thus about 21 percent are exported. It is esti-

mated that 85 to 90 percent of the beans destined for-
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domestic consumption are canned (pork and beans, beans in
tomato sauce, baked beans, etc.). The remainder of the
beans are packaged and sold as dry beans. Thus navy bean
canners are the most important outlet for the shippers of
navy beans. The major canners of navy beans include:
Stokely Van-Camp, Campbell Soup Company, Bush Brothers and
Company, H.J. Heinz Company, Libby, McNiell and Libby, and
The Great Atlantic and Pacific Tea Company. Historically
the United Kingdom has been the largest importer of U.S.
navy beans. Other foreign importers in recent years have
been the Netherlands, Australia, New Zealand, West Germany,
Italy, and Spain. Sales of beans are usually made either
to various foreign canners or to U.S. canners which can
sell in foreign countries. H.J. Heinz Company is the
largest user in the latter group. The major competition
for export of navy beans to the United States' traditional
marketing areas is Canada. Canadian export of navy beans
has gone from 24 percent of their crop in 1962 to 83 percent
of their crop in 1975. This occured while Canadian produc-
tion doubled during the same period (see Table 2-1). For
much of the study period, Canada has enjoyed a custom duty
advantage over the U.S. with the United Kingdom because of
its membership in the British Commonwealth. This duty
advantage was 8 percent until 1968 when it was lowered to

4 percent and then when the United Kingdom joined the Euro-
pean Economic Community in 1972, there was no longer an

advantage.
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Table 2-1. Canadian Production and Exports of Navy Beans
From 1960 to 1975

Canadian Canadian
Year Production Exports

1,000 Cwt. 1,000 Cwt.
1960 620 33
1961 744 127
1962 838 200
1963 863 218
1964 1,117 397
1965 1,182 597
1966 1,400 630
1967 824 297
1968 1,041 552
1969 1,159 649
1970 1,197 718
1971 1,550 977
1972 1,843 1,290
1973 1,594 1,084
1974 1,973 1,440
1975 1,783 1,480

Source: Ontario Bean Producers' Marketing Board.
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2.2.2 Export

All the navy beans produced in Canada fall under
the jurisdiction of the Ontario Bean Producers' Marketing
Board. The Board established in 1944 by producers under
the Agricultural Products Marketing Act (Canadian) covers
navy and yellow eye beans in Ontario. 1In 1968, the
Marketing Board started operation under a new marketing
plan. ©Under this plan all navy and yellow eye beans
grown in Ontario had to be marketed by or through the
Ontario Bean Producers Marketing Board. The Board has been
able to hold the Canadian share of the export market since
1972, even without tariff advantage. There may be several
reasons for this. The Canadian government has a tariff
on beans entering the country thus holding domestic price
at a higher than free market equilibrium level. Also the
Board appears to have a "no storage" policy since in only
one year in the last 25 did they store any beans. Thus
the export price is so adjusted as to insure the complete
sale of the crop. Since all beans are pooled and each
producer receives a pool price, then the pool price may
not be all that much lower than a world market equilibrium
price because of the higher domestic price that relatively
price inelastic navy beans command. Thus due to earlier
tariff advantages and more recently because of Board
policies, Canadian producers have been able to market all
their beans in the foreign markets before the U.S. pro-

ducers approached being able to do so.
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Other countries producing and exporting navy or
similar white beans include: Argentina, Chile, Ethiopia,
and a few southeastern European countries. A major pro-
blem in the export market is the fluctuation of currency
exchange rates, often caused by differing inflation rates.
This is not only a problem in the changing rates between
the United States' and Canadian dollars but also adds to
the risk that the real price to be paid the shipper will
change between the time of contract for shipment and pay-
ment. This means that the shipper must either trade at
the present rate and risk a decrease in the value of the
foreign currency or he hedges his position in the currency
futures market. The former alternative meaning a risk
of loss to the shipper and the latter presenting the
need for currency market management expertise. Most of
the navy beans exported from the non-North American pro-
ducing countries, which is only a small percentage of
total world exports, are not exported to traditional North
American export markets. This may be because of the poorer
quality beans produced by these countries (poorer quality
because of mixed varieties, clay, cracks, splits, etc.),
or the lccation of the markets. Another reason may be
that these growers are often only short-term producers and
it takes time to get well established into the traditional
or larger markets. There may also be other limits on
these countries, for example, in communication with the

OBPMB, it was learned that many Ethiopian beans never
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leave the African community because of various trade pacts.

2.2.3 Government

During much of the study period there was another
purchaser of navy beans. The United States government
through the Commodities Credit Corporation had a price-
support program for agricultural commodities which included
navy beans. The program for navy beans was in effect
until the end of the 1974 marketing season, but the last
year a significant purchase was made was in 1966. Table
2-2 presents the government support price and the amount
of navy beans taken over each year. In those years when
beans were taken over (default of non-recourse loans), the
loan rate played a major role in price stability. Pro-
ducers knew prior to planting what the loan rate would be
approximately and could plan accordingly. The 1950 mar-
keting season was the last time there were government
acreage controls on navy beans, and such controls only
lasted a short time. In more recent years the goverrment
loan rate had little or no direct effect, except possibly
establishing a lower bound on price. The lack of effective
loan rate setting and the subsequent end of the program in
1975 has removed any stablizing effect which had been

exerted by the program in earlier years.
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Table 2-2. U.S. Government Support Price For and Purchases

of Navy Beans From 1951 to 1975

Government Government
Year Support Price Take-over

Dollars 1,000 Cwt.
1951 7.94 1,130
1952 8.75 260
1953 8.80 377
1954 8.41 0
1955 7.43 623
1956 7.38 1,747
1957 7.29 31
1958 7.17 9
1959 6.43 177
1960 6.46 1,838
1961 7.15 1,611
1962 7.15 964
1963 7.15 1,012
1964 7.15 601
1965 6.90 0
1966 6.90 1,676
1967 6.90 0
1968 6.90 0
1969 6.90 11
1970 6.90 0
1971 6.90 0
1972 6.90 0
1973 6.95 0
1974 6.95 0
1975 Program Ended -

Source: 1951-65 Edward Krebs,

1966-75 Michigan Crop Reportlng Service.

Simulated Price and Sugglz
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2.3 Summary

In summary, the industry is one of many producers
and few intermediate buyers. About three-quarters of
production goes to the domestic market and one-quarter to
the export market. The industry is plagued by a lack of
reliable information, uncertainties of weather and domestic
markets and an even more volatile foreign market with the

outlook for an even less certain future.



CHAPTER 3

The Storage Model

3.1 The Purpose of Storage

The idea of using storage as a method of reducing
variation in annual supplies of storable agricultural com-
modities has been evident through most of history. Storage
has often been an integral part of the U.S. government's
agricultural commodity programs. The subject has often dom-
inated the literature. Many policies to be followed to
achieve certain goals have been'advocated. Although there
are undoubtedly variations and other groupings, the follow-
ing are generally given as reasons for storing commodities
(private and government) :

l. Stabilize producer income.

2. Market stability with respect to producers.

3. Market stability with respect to consumers.

4. Maintenance of commercial export market.

5. Provision of a buffer against food and feed

shortages.

6. Assist developing countries.

A few of these goals may not be relevant to the navy
bean situation, but maintaining prices and income, as well
as domestic and foreign market stability are likely goals of

bean producers, shippers, canners and state and federal

18
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governments. Through discussions with growers and shippers
it is evident that some price stability is highly desirable.
Beside the obvious beneficial effect on forward planning and
fixed cost reduction, both groups were most interested in the
problem of maintenance of markets at price extremes. Grow-
ers especially worry that high prices tend to expand the
plantings in the next season by present and potential growers.
This action then generally leads to larger crops the follow-
ing seasons and accompanying lower prices. The growers then
worry about the immediate effect of lower prices in the next
season, as well as the possible longer run effect of opening
new geographical areas to navy bean production. The shippers
(and growers through derived demand) find relatively high
prices undesirable because of the immediate effects of sub-
stitution of relatively less expensive products in the do-
mestic market and the substitution of foreign produced beans
in the export markets. Probably more important is the sus-
pected long run effect of high prices on domestic and foreign
use. There exists the possibility that high prices can
trigger permanent change in demand for U.S. produced navy
beans. Such prices may force the acquiring of new tastes

or change in typical cooking and eating habits. Canning may
become unprofitable enough in a given year that bean pro-
ducts are discontinued and start up costs may be great enough
to offset resumption of canning even at lower prices in the
future. Due to perceived need and the inherent uncertainty

in the industry, an attempt will be made to estimate optimal
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carryover levels for navy beans for a specific objective.

3.2 Objectives of Storage

There are many objectives which may be adhered to in
deciding on a commodity stocks policy. One familiar objec-
tive is to maintain a target level of reserve stocks. 1In
this situation, estimates are made of appropriate target
levels of stocks and these become the criteria for the func-
tioning of the policy. Wells and Fox [1952], National Agri-
cultural Advisory Council [1964] and Waugh [1967] are exam-
ples of studies which estimated various target levels of
stocks. One problem with such a policy is that once the
suggested target levels are defined, there is no suggestion
as to how to facilitate their use effectively. Gustafson
[1958] stated that the target-level approach is "an inade-
quate solution to the storage problem because the adminis-
trator of such a policy has no way of knowing if at any
given point in time whether he should be adding or subtrac-
ting from stocks."

An alternative objective to absolute target quan-
ties of stocks is to maintain a percentage of the trend pro-
duction level. Bailey, Kutish, Rojko [1974] examined the
effects of various percentage levels of U.S. production
trend as to storage costs, net stocks and ability to over-
come world short falls in production over a historical
period. The percentage of production trend objective has
much the same implementation problems as the absolute level

objective.
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To reduce price variation over time by setting upper
and lower limits on commodity prides is another possible ob-
jective of a stocks program. In such a program, when prices
are high stocks could be released and when prices are low
stocks could be purchased. Usually suggested as accompany-
ing such a program are policy tools such as supply controls,
which would be needed to aid the price stabilization program.
The greatest weakness of such a program is the proper setting
of the price bounds. Stock levels too high might result over
time if the price bounds were too high or levels of stocks
might be depleted too quickly if the bounds were set too low.
Also a problem is that future price trends would have to be
accurately predicted.

Other objectives of a carryover stocks program may
be concerned with social welfare measurements. Tweeten,
Kalbfleisch and Lu [1971] set an objective which would mini-
mize net social cost over time. Another social welfare
criteria oriented objective is that used by Gustafson [1958]
and this study. The objective is to maximize the total value
function, the integral of the demand function from zero to
the quantity consumed, over time.

Storage rules may be of several forms, but generally
the storage rule defines how reserve stocks will be managed
in order to achieve a specific objective. Some common stor-
age rules found in the literature include:

l. reserve stocks equal a constant target quantity

2. reserve stocks as a function of production
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3. reserve stocks as a function of price, loan
rate, target stocks
4. reserve stocks as a function of price
5. reserve stocks as a function of supply.
The latter (5) is the rule used by Gustafson such that carry-
over stocks are a function of supply (beginning stocks plus

production).

3.3 The Modified Storage Model

3.3.1 The Storage Rule

Gustafson used a storage rule that would maximize
the sum of the discounted expected net gains to the general
public from the usage of a commodity over time. A simple
two period graphical representation of the criterion for
optimality is presented in Figure 3-1. If DD is allowed to
be a linear demand curve (assumed the same for both periods)
and Sy the production experienced in year zero (no carry in)
and Sl the production experienced in year one, then the pro-
cedure would be to adjust supply (carryover policy) such that
the discounted sum of the areas bounded by the axes, the de-
mand function and the adjusted supplies would be a maximum
(adjust S, and S

e 1’
the sum of the areas AOCB and AOFE). Such a graph demon-

through the use of storage, to maximize

strated the maximization of gross social gain over time.
What the model will actually maximize is not gross gain, but
rather the net social gain, where net gain takes into con-

sideration time preference and other costs of storage. By
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FPigure 3-1. Simple Example of Optimality Criterion
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assuming a state of stationarity (conditions not changing
over time) for calculating purposes, this process can be
carried into the indefinite future with the use of dynamic

programming techniques.

3.3.2 Original Model Assumptions and Modifications_

The primary application of the Gustafson model to
date contains some simplifying restrictions which should be
stated. First, it was assumed that the following were known
with certainty: 1. The basic demand curve. 2. The cost of
storage for various quantities stored. 3. The acreage to be
planted. With proper adjustment the model allows for assump-
tions one and three to be relaxed. Assumptions will be re-
vised such that the demand function and the acreage planted
will be allowed to take on a stochastic nature. Another re-
strictive assumption was that imports and exports were either
known in advance or non-existent. For this study this re-
striction too is relaxed and exports of navy beans are incor-
porated into the carryover decision rule estimation. Finally
the original Gustafson example assumed that the storage and
production of the commodity is located within a single geo-
graphic region, thus causing cost of transport to be negli-
gible. Although such a restriction would cause varying
degrees of inaccuracy depending on the commodity, it appears
to fit well the highly concentrated navy bean industry.

Thus of the original restrictions, which caused some of the
major criticism of the model (see Walker and Sharples [1975]

or Taylor and Talpaz [1979]) most are either relaxed or
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highly applicable for purposes of estimating an optimal

carryover rule for navy beans.

3.4 g;edetermined Conditions

The conditions relevant and which must be estimated
prior to the derivation of storage rules are the following:
1. A discount factor which equals 1/1+R, where R is the
interest rate. This reflects the degree of time preference.
2. The direct cost in dollars of carrying over the quantity
stored for one year. 3. The marginal value function (in
this case the demand function) with price of commodity as
the dependent variable. 4. A probability distribution of
production (in Gustafson's application only a distribution
of yields was used because acreage was assumed constant).
The specific conditions employed in this study are discussed
following.

3.4.1 The Discount Factor

In most simple terms, the discount factor can be
viewed as a transformed version of the interest rate. Thus
the obvious question is, what is the relevant interest rate
or associated discount factor? Much controversy over appro-
priate discount factors can be found in the literature (see
Weston and Brigham [1972] or Baumol [1968]). Ideally the
rate might be based on the free market rate or return the
capital could gain in its best alternative use, but many
factors complicate the discovery of the ideal rate. The
model maximizes the discounted net return to society over

time. A discount rate relevant to the U.S. in general is
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most important. Three factors typically are considered as
contributing to the discount rate. These factors are pure
rate of time preference, inflation and uncertainty. It
should be noted that the discount factor is not a static con-
cept and will change over time as these factors change. This
study employs a range of values for the interest rate (dis-
count factor) in the optimal rule estimation and the effect
of differing rates on the optimal storage rules can be ob-
served.

3.4.2 Storage Costs

The Gustafson model takes cost of storage to be the
amount of money it costs to store a given quantity of com-
modity for a year. As Gustafson noted in his original appli-
cation, "serious problems of estimation are involved (in
reference to estimating cost of storage)," so, too, in this
study much difficulty occurred in attempting to find a com-
posite cost of storage for navy beans. Because most of the
estimated carryover in raw product form is either in the
hands of producers or shippers, it would be most helpful to
have a weighted average cost of beans stored on farm, those
stored off-farm and owned by producers and those stofed and
owned by shippers. One advantage in the case of navy beans
is the relative geographical compactness of the production
area. Most production sites are near several storage alter-
natives; because of this or other causes, many shippers
store producer owned beans at near shipper cost. Thus off-

farm storage costs are fairly uniform through the area. It
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is most difficult to get a "typical" or "average" cost of
on-farm storage. There are costs to storing beans on-farm.
There is additional labor and machinery usage with respect
to the handling in and out of storage. Significant
costs due to reduced commodity quality and quantity (rodent
destruction, etc.) can also be caused by typical on-farm
storage practices. Given these considerations it seems
reasonable that on-farm storage costs are significant yet
likely to be less than the cost of storing beans at the
elevator. Typically the off-farm storage charges are a
function of months in storage, quantity and final sale price.

Mathematically storage costs can be presented as follows:
storage cost = f(time in storage, quantity, sale price)

Although time in storage (12 months) and quantity are known
with certainty the sale price in the future is not. Since
final sale price is stochastic, there is a difficulty in de-
ciding what to use for the model. This problem was allevia-
ted by changing the cost function to percentage of expected
value form (see Chapter 5). Due to the difficulty of estima-
ting a composite cost of storage, the optimal carryover
rules will be estimated for a range of storage costs.

There is some question of whether money cost alone
should be considered an adequate measure of net cost to the
economy. Gustafson mentions the "convenience benefit" of
having working or pipeline stocks. This study does not

attempt to incorporate such benefits and costs into the
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model. For further explanation of the concept see Gustafson

[1958] or Working [1949].

3.4.3. Marginal Value Function

This is most simply the typical price-quantity
relationship known as the commodity's demand curve. The
total value to society of an amount.Y of a commodity, can
then be defined as the area under the marginal value func-
tion (demand curve) between zero amount and Y amount. Such
marginal value functions can be empirically estimated. 1In
the case of dry beans see Hathaway [1955], Vandenborre [1967]
or Krebs [1970]. Gustafson assumed that the marginal value
function is known with certainty, but as mentioned earlier,
this study relaxes that assumption and allows the marginal
value function to take on a probabilistic nature. Econo-
metric techniques, as discussed in Chapter four, will be
employed to model the domestic and export demand for navy
beans. The combination of these functions will provide a
total demand function for U.S. navy beans. The inclusion
of a stochastic export market function into the total demand
function is also a change from the restrictive assumptions
in the model's original application. The use of a stochastic
marginal value function based on both domestic and export
market demand is an important step toward making the

Gustafson model a better empirical tool.
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3.4.4 Production Probability Distribution

The final condition to estimate is that of a produc-
tion probability distribution. 1In Gustafson's original work
on grains he used only a probability distribution on yields
and assumed acreage to be fixed. He stated, "Ideally, pro-
vision would be incorporated to allow for the way in which
year-to-year variations on acreage planted are determined in
a free market by the interrelationship of supply and demand
factors." (Gustafson [1959]) 1In this study, an econometric
function reflecting the market factors effect on planted
acreage will be included. Also a function to remove system-
atic trend factors from yields will be estimated. The pro-
duction probability distribution will therefore be based on
the unsystematic stochastic elements of both yields and
plantings incorporated in a joint distribution.

When these conditions, the value function, cost of
storage function, discount rate and probability distribution
can be assumed to be the same each future year a condition
of stationarity is said to hold. This condition is assumed
for computational purposes and is not really restrictive in
that the optimality of the resulting rule, as applied to the
current year only, does not require that the conditions in
fact remain unchanged in all future years; all that is really
required is that the same storage rule applies in the next
succeeding year. In such a case the single optimal rule can

be shown to be the unique solution of a single equation.
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3.5 Calculating Function

Although the fortran program of the model is pre-
sented in Appendix A, and a detailed explanation of the un-
modified model can be found in Gustafson [1958], it would
undoubtedly be helpful at this point to present the basic
calculating equation. The basic equation to be satisfied
in any year is the following:

(1) Vv(s-C) + g(C) = d:V[C+X - ot+l(c+X)]f(x)
where:

X is the quantity produced

C is the amount of carryover

S is the total supply

@ is the storage rule

d is the discount factor

V( ) is the marginal value function

g(c) is the marginal cost of storage

f(X) is the probability distribution of production
(a joint probability distribution based on the
probability distributions of yields and acres
planted) .

Now by employing the identity, C = 0(S) and assum-
ing that 0(S) is montonically increasing for all values of
S such that ©(S) >0, then S can be rewritten as: e-l(c).
Substituting this into equation (1) the result is:

(2) V(e t(c) - C) + g(C) = AIV[C+X - ©
X

t+l(C+X)]f(X)
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In order to make the calculating equation more ex-
plicit a linear marginal value function such as the follow-

ing might be assumed:
(3) V(¥) = a - BY

where o, B are estimated parameters. Substituting for V( )
in equation (2), the following results:
(4) o - 8(@71(C) - C) + g(C) = dza - BICH+X
- ®t+l(c+x)]f(x)
rearranging terms.

(5) -80"1(C) = -u + da - BC - dBC - dABE(X)

+ d8§®t+l(c+x)f(x) - 3(C)

combining terms and dividing through by =B results in:

(6) o L) = (1-)% + (1+d)C + AE(X) - dIo,
X

1

(C+X) £(X) - géC)

Then from this equation comes the explicit storage rule for
year t + 1.

In order to understand how the stochastic nature of
the demand function is incorporated into the model, equation

(2) can be rewritten as follows:

(7) v(e~r(@©) -¢) + g = QIVICHZ - Gy, (CHZ)IE(2)
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where Z is defined by,
2 =X+ U

and the distribution of Z, £(z), is determined from the dis-
tributions of X and U, such that U is the random fluctuation
of the marginal value function. The resulting optimal storage
rule is a function of supply plus the residual for the aggre-
gate demand function, rather than supply alone. Thus if in
the year,U = 0, then the only change in the rule for the
current year caused by the introduction of demand variability
in the future is that due to the greater variability of 2
over X. The uncertainty of future demand has the effect of
increasing the optimal carryover for any level of production.
Using this calculating equation, it is possible to iterative-
ly work back to year one and the subsequent optimal rule

(see Gustafson [1958]).

— e s e e e

The modified model of this study can be employed to
develop specific storage rules for a given objective. These
rules are dependent on the preconditions discussed in this
chapter. Estimation of these conditions prior to optimal
rule calculation is essential. Chapter four will present the
estimation of the value function. In Chapter five the assumg-
tions as to the conditions will be made specific and optimal

carryover rules will be estimated.



CHAPTER 4

Econometric Analysis of Supply and Demand

4.1 Introduction

In order to facilitate the functioning of the carry-
over stocks model, several relationships must be estimated
prior to the derivation of the storage rules. These include
the estimation of a marginal value function, which in this
case is equivalent to the demand function. A domestic and
an export demand function will be estimated to meet this
need. A probability distribution of production possibili-
ties is also required. In "Carryover Levels for Grains,"
Gustafson uses simple yield distributions and fixed acreage.
This study will relax these simplifying restrictions. To
remove that portion of the stochastic nature which is system-
atic, econometric methods will be used for estimating yields
and acreage of navy beans. The other important conditions
to be determined are a discount factor and the direct cost of
carrying over navy beans (storage cost). The importance of
accurate estimation of one of these conditions quickly be-
comes recognizable through an example presented in Table 4-1.
In this table, several possible elasticities of demand and
the corresponding optimal carryover levels were selected for
an illustrative purpose. Those numbers in the body of the

table represent the steady state supply situation as a

33
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Table 4-1 Example Optimal Carryover Rules under Alternative

Elasticities
Supply as a Percentage Optimal Carryover as a
of Normal Production Percentage of Normal Production
Elasticity of
23 23 .1
80 2.74 2.91 3.02
90 3.35 3.42 3.52
100 4.82 4.14 3.99
120 16.07 10.63 8.11
140 31.31 23.31 18.46

percentage of normal (mean) production. This example is
merely an amplified version of that done by Gustafson [1959].
To better understand the form that the optimal rule will take,
this table can be presented in graphical form. As can be
seen for each level of supply (production plus carryover
from the previous season) there is a corresponding optimal
carryover, given the specific level of elasticities of de-
mand. This is the type of output which is expected to be
made available from the specific model in Chapter five.

Thus, it should be evident from this example that the econo-
metric estimations in this chapter are a necessary and inte-

gral part of the optimal carryover rule estimation.

4.2 Previous Research

Little previous research has been done to determine
navy bean supply-demand relationships. Janet Murray [1938]

studied factors affecting dry edible bean prices in the U.S.
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Figure 4-1 Example Optimal Carryover Rules under Alternative
Elasticities

from 1922 to 1935. Although she divided beans into classes
for this study, much of the results appear dated because of
the retail market change from mostly dry usage during that
period to a product that is mainly canned in more recent
times. Dale Hathaway [1955] in an attempt to analyze the
effect of price support and acreage allotment program upon

production, price and income from dry beans in Michigan,
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estimated statistical relationships for dry beans in Michigan
for the years 1920 to 1940 and 1947 to 1953. The Hathaway
study did not divide all dry beans into classes. 1In a
similar study, R. J. Vandenborre [1967] investigated the
impact of governmental support programs on the production
and disappearance of several important classes of dry beans,
including navy beans. Edward Krebs [1970] simulated the
impact of price support and supply control programs on the
Michigan navy bean industry. Econometric models were estab-
lished for acreage planted to navy beans in Michigan and for
domestic and export demand for Michigan navy beans for the
years 1951 to 1967. The paucity of previous studies, the
increased time series data available and important structural
changes over time warrant the updating and new estimatian of
the econometric relationéhips essential to the operation of
the carryover model as described in Chapter three. The
availability of these econometric estimatiomns in this study
also provides the base for better understanding of the im-
portant economic elements in the navy bean industry, especi-
ally with respect to empirical estimation of production,
price and market structure relationships.

In the first sections of this chapter an attempt
will be made to identify the important structural economic
variables for supply and demand of navy beans. Discussion
with individuals at various .levels of the navy bean market-
ing system, a survey of contemporary literature concerning

the navy bean industry, preliminary investigation of the
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collected data and economic theory have been the main sources
of information used to make decisions as to the relevant
economic components for possible inclusion in the economet-
ric model. It is realized that all the economic variables
assumed to be important may not be found statistically signi-
ficant when the equations are actually estimated. Tomek and
Robinson [1972] made note of this problem:
"Since specification of the best model prior to
estimation is nearly impossible for many problems
in economics, some experimentation is generally
necessary. The judgment of the analyst is criti-
cal in model selection, although different models
sometimes give similar results."
Such difficulties are due to many factors not the least of
wﬁich are availability and richness of data. The results
of the econometric estimation are presented in the latter
sections of this chapter. When the explanatory variables
included in the estimated equations differ from those hypothe-
sized to be relevant, an explanation for the difference and
intermediary estimations will be presented. Conclusions
relative to the econometric results will be discussed in
the last section of this chapter. The sample period for
this study will include the years 1951 through 1975. Years

prior to 1951 were not included because of the lack of reli-

able data and the existence of acreage allotments.

4.3 Supply
Supply in a given marketing season is dependent on

production in the season and carryover stocks from the pre-

vious season. Production can be divided into two components:
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the number of acres planted and the yield from those acres.
Acres planted and yields will be estimated using econometric
and statistical methods.

4.3.1 Acres planted

The "How many acres to plant to navy beans?" decision
is a complicated process, probably unique to each producer.
However, some factors in the decision process are of both
greater importance and universality in their application;
for example, the price producers expect to receive for their
cxcp. If the price to be paid in the upcoming marketing
season were known, then some desired level of acres planted
could be partially explained by that level of price. Future
prices are unknown; thus expected price or expected prices
adjusted for risk are used. It is thought these expected
prices are based upon a combination of sources, including:
past prices, probable future production, perceived market
trends, the magnitude of stocks from past periods and govern-
ment loan price. That source which is most available and
easily understood by the producers is past price of the com-
modity. Knowledge about sources like market trends, future
production and stocks is less available to producers and can
be highly speculative. Thus expected price in the next mar-
keting period might be expressed as some function of prices
received in past marketing periods and expectations of past

prices:

PNBi = f (PNB

E
t-1' PNBt-l)
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where:
PNBE is expected price for navy beans in periot t.
PNBt-l is actual price for navy beans in period t-1.

PNBE-I is expected price for navy beans in period t-1l.

The number of lagged periods and their relative importance
in the formulation of price expectations can differ consid-
erably from one commodity to another. A common assumption
is that producers project the price of the most recent past
period as next period's expected price. Heady [1952] dis-
cusses several methods via which farmers might arrive at an
expected price. Nerlove [1958] presents a more formal ver-
sion of the mechanics of price expectations. More recently
R. J. Vandenborre [1967] used a similar model with respect
to dry beans. Navy beans is an annual crop. The decisions
as to the number of acres to be planted can be made annually.
This characteristic allows for a rather rapid response to
highly fluctuating production and price. Thus, the price
received in the preWious marketing period is likely to have
the most influence on expected future price. Another argu-
ment for use of most recent past year's price was put forward
by Hathaway [1955]. The essence of this supportive argument
is that after a year of high prices, bean producers were
financially in a position to risk higher acreage of a crop
on which they might incur either large financial losses or

larger financial gains (relative to land competing crops such
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as corn). The logical conclusion to this argument is that
bean producers would respond positively to a higher price in
the previous year. The aforementioned implicit expectations
function was presented in an explicit form by Nerlove [1958].
Explicitly, PNBE might be a function of last period's ex-
pected price and some adjustment for the difference between

last period's actual and expected prices. Such an expression

might be:

E _ E
PNB_ = PNB,_,

E

+ Y[PNB,__ e-1]

1~ PNB

Here the constant, ¥, implies a proportional adjustment.
Nerlove called the Y factor the "coefficient of expectation."
If the producer does £formulate some expected price
for the next period, then that information plus information
about inputs and prices of competitive crops can be used to
maximize his returns. This is a typical production economics
problem as to the determination of an ideal production level.
The ideal level of production implies some planting level,
thus the price expectations of the producer ought to imply
some desired or long run planting level. A simple relation-

ship might be proportional, such as:

E _ E
APNB. = aPNB_

where: APNBi is the desired acres to be planted to navy
beans. The producer has at his disposal in the present a

set of resources which are fixed to varying degrees.
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Because of this the producer's production possibilities may
be restricted. Even if his price expectations point to a
particular ideal or desired level of production, he may not
in the short run be able to comply with the desirable levels
implied by the perceived longer run equilibrium.

Such constraints to adjustment undoubtedly exist.
Constraints influencing acreage might include: the pro-
ducer's managerial expertise, machinery and labor avail-
able on the farm, crop rotations and market availability.
Although these constraints may be changed over time, they
are not easily changed from one year to the next as in the
case of some of the other factors important to the planting
decisions for navy beans. Given the year's particular cir-
cumstances (prices, costs, etc.), it is expected that the
producer would have a desired planfing level. Yet, because
of these constraints he would not be able to adjust fullyina
single period. The level of plantings in previous periods
and the rate of adjustment will in part affect the acres
planted in the present season. Nerlove [1958] presented one
possible relationship between desired plantings and actual
and past plantings. In this simple adjustment model actual
acreage is adjusted in proportion to the difference between
desired and actual output of the previous period. This can

be presented mathematically:

APNB,_ - APNBt_ = 'Y[APNBE - APNB

t 1 £ £-1]
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The factor, Yy, is a constant that allows for the propor-
tional adjustment. Nerlove called y the "coefficient of ad-
justment." Due to price expectations and constraints to
adjustment, acreage planted in any given year is at least

a function of past own price and past actual planted acreage.

APNBt = f(PNBt_a, APNB )

t-b

where a =1, 2, 3 ... and b=1, 2, 3 ... .

The usefulness of lagged variables of more than one
period (a > 1,b > 1) will be tested (see Kmenta [1971] or
Johnston [1972]), but the significance of models containing
lags of two or more years will probably be quite low. This
can be implied from the nature of the industry (annual crop,
etc.), or from the results of previous econometric studies
of dry beans or through the function derived from Nerlove's
explicit functions. Thus both lagged own price and lagged
acreage planted will be variables included in the model.
More specifically in the case of own price, the prices re-
ceived by producers in the first eight months (September to
April) of the previous marketing season are thought to be
of primary importance to the formulation of price expecta-
tions. Although beans are planted in mid June, the decision
as to when to quit planting other crops, such as corn, is
made in April and May. Thus a lagged eight month weighted
(by marketings) average price is used as an explanatory
variable in the econometric equation for estimating acres

planted.
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As previously stated, the government loan rate for
navy beans sﬁould be a source of information in the formula-
tion of price expectations. The U. S. government had a price
support program for navy beans for the first twenty three-
years of the study period, 1951 to 1973 (see Hathaway and
Peterson [1952] or Krebs [1970]). An explanation of the
effects of this program will be put forth in this chapter
in Section 4.4.1. At this point it is important to realize
that the government loan rate (for non-recourse loans) was
known prior to planting for most seasons. Since the loan
rate changed only a few times (seven times out of twenty-
five years it changed more than‘a dime) over a period (see
Table 4-2), most of its effect is already included in the
formulation of expected market prices presented earlier. In
years when the government took over navy beans (farmers de-
faulted on non-recourse loans), the market price was about
one dollar less than the loan rate due to handling and other
charges (see Hathaway [1955]), in the other years the market
price is determined independent of the loan rate. Thus, the
price used in the eight month weighted average implicitly
reflects the government loan rate in those years when it was
an effective floor price (due to a relatively slow to change
loan rate). Because of this, the government loan rate was
not used as a separate explanatory variable.

Another set of factors affecting acres planted to

navy beans concerns the opportunity costs associated with

alternative uses for the land. There exist some limitations
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Table 4-2. U.S. Government Support Price for Navy Beans

From 1951 to 1975

Year Government Change from
Support Price Previous Year
1951 7.94
1952 8.75 +.81
1953 8.80 +.05
1254 8.41 -.39
1955 7.43 -.98
1956 7.38 -.05
1957 7.29 -.09
1958 7.17 -.12
1959 6.43 -.74
1960 6.46 +.03
1961 7.15 +.69
1962 7.15 --
1963 7.15 --
1964 7.15 -
1965 6.90 -.25
1966 6.90 -
1967 6.90 --
1968 6.90 -
1969 6.90 -
1970 , 6.90 -
1971 6.90 --
1972 6.90 -
1973 6.95 +.05
1974 6.95 --
1975 Program Ended

Source: Crop Reporting Service, ESCS of the USDA.
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to free substitution between crops due to rotation require-
ments, weather, available machinery and producer expertise,
but in general some substitution is possible. The two crops
probably most competitive with navy beans for the land are
corn and other classes of dry beans. Recently, some evidence
points to soybeans as becoming a competitor for land, espec-
ially in the fringe areas of navy bean production. Probably,
because this is a more recent phenomenon, no statistically
significant relationship could be found between soybeans and
acres planted to navy beans for the study period. The net
return to land is a criterion upon which many budgeting and
linear programming techniques used in the planting decision
process are based. The net returns would be based on costs
of production, expected price, expected yields and sometimes
a risk factor. 1In most of the bean producing'counties farm-
ers have a good idea of the expected yields of the various
land competitive crops. Production costs among the various
varieties of beans don't appear to differ significantly

but good cost account budgets for those areas are not readily
available. In the production of corn, more nitrogen ferti-
lizer is used than with beans, but seed and times over the
field with beans are generally more costly. Discussions with
extension experts have indicated that cost differences are
minor among corn and various varieties of beans. Given ex-
pected yields are known, prices and degrees of risk are
probably the most important elements in the decision process.

Thus, expected prices, although not ideal, are not as naive
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in the case of navy beans as in the case of some other
commodities. The price of competing crops in the past
period is assumed to be the main factor in the formulation
of expected prices (using the same argument as made for own
expected price). A seven month average weighted price for
corn (seven months because the new marketing season for

corn begins in October instead of September as for beans)
and an eight month weighted composite price for all other
important dry bean classes produced in Michigan will be used
in the estimation of the acres planted equation.

There are undoubtedly other factors which affect the
number of acres planted to navy beans. Price movements
immediately preceding planting, as wéll as announced for-
ward contracting prices (set by shippers) probably play a
role of varying degrees from one year to the next. Weather
experienced during planting periods of navy beans or other
crops grown in the bean producing areas may make it either
necessary or more profitable to change planting intentions,
or other conditions that otherwise change the intentions re-
garding bean plantings with which farmers began the planting
season. While it is possible to take note of such factors
in certain years, it is difficult to measure them accurately.
No attempt was made to analyze such factors in this study;

The following equation represents the important

variables assumed to influence acres planted to navy beans.

APNB, = £(PNB__;, PC,_;, PCB,_;, APNB__,)
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where:
APNBt is the acreage planted to navy beans in the U.S. in

thousands of acres in year t.

PNBt_l is the average weighted price in real dollars paid
to producers in Michigan per hundredweight of navy
beans in the eight months prior to the planting
period (Sept. thru April).

PC

t-1 is the average weighted price in real dollars paid
to producers in Michigan per bushel of corn in the
seven months prior to the navy bean planting season
(Oct. thru April).

PCB is the average composite price in real dollars paid

to producers in Michigan per hundredweight of the

major classes of dry edible beans other than navy
beans grown in Michigan. The price is for the eight
months prior to the planting season (Sept. thru

April).

APNBt_1 is the acreage planted to navy beans in the U.S.

in the previous period, in thousands of acres.

It is expected that acres planted will demonstrate
a positive relationship with the price of navy beans in the
previous period. Coefficients for prices of corn and other

classes of dry edible beans in the previous period would be

expected to have negative signs as an increase in these prices,

holding other things constant, should cause a decrease in the
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in the acres planted to navy beans in the present season.
The coefficient for acres planted in the previous period
is expected to have a positive sign, because of the struc-

tural constraints discussed.

4.3.2 Yield

Navy bean yields have varied greatly over the period
of study. Average yields on acres planted were as high as
1452 pounds per acre in 1963 and as low as 682 pounds per
acre in 1954 and 1957. For the first half of the period,
1951-1963, yields generally increased followed by a gradual
downward trend in subsequent years (Figure 4-2). The
downward trend has been given much consideration in bean pro-
duction studies (see MSU Ag Facts No. 46, Ext. Bull. E854.,
or Navy Bean Cultural Practice and Management Check List).
Weather is undoubtedly the most important factor affecting
variation in navy bean yields. There are several periods
during the growing season when proper moisture and tempera-
ture are critical. Considering the geographic concentration
of production, poor conditions at these critical periods or
adverse weather at other times can greatly reduce the yield
potential. Although weather may explain much of the vari-
ability between production periods, it cannot fully explain
the trends of yields over time. The early portion of the
study period was marked by improved cultural practices, im-
proved seed varieties, more efficient harvesting and hand-
ling machinery and a general increase in farm size (bike

(1972])). Continual use of land for production of navy beans
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has caused problems. In an attempt to raise crops perceived
to be more profitable, producers have reduced their use of
green manure or other such rotation crops which build up the
organic matter in the soil. 1In addition to the organic
material building rotation, the Michigan Agricultural Experi-
ment Station specialists recommend a minimum tillage program
(MSU Ag Facts No. 46, Ext. Bull E854 or Navy Bean Cultural
Practice and Management Checklist). Producers till their
fields more than is necessary. This problem accompanied by
the use of large and heavier machinery, because of increase
in farm size and efficiency of larger machines, has created
the problem of soil compaction, especially in those soils
which have higher clay content. Soil compaction can cause
poor air and moisture movement in.the soil, resulting in
dryness and inhibition of root development. These conditions
can cause the bean plant to be even more susceptible to
weather variations and various disease problems. Over-
cropping of navy beans and reduced strength of the plant

due to soil compaction have only worsened the problem of
bean blight and root rot. Also, more recently, ozone pollu-
tion may be becoming a problem. Ozone pollution produces a
bronzing effect on the bean plant, thus reducing the plant's
production efficiency. In all probability, these factors
have led to the slow decline in yield we have witnessed in
the past ten to twelve years. Although the soil and crop
scientists can identify the major causes of both yield vari-

ability and the trends which were witnessed over the study
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period, the capability to measure some of these factors
accurately is not available nor are good forecasts possible
for most, which would be necessary for functioning of the
carryover model. Thus, those variables which would prob-
ably explain much of the observed changes in yield cannot be
included in an econometric model for the yields of navy beans.
Although such explanatory variables as weather and cultural
practices can't be included, it would seem reasonable that
we could estimate some of the trend effect by using time as
a variable. It is likely that an equation for yields using
only time or functions of time as predetermined variables
would have a poor fit with the actual yields experienced.
The primary reason for estimating the structural economic
relatidnships for navy beans will-be for the facilitation of
the optimal carryover model. The carryover model is in part
driven by the mean production and the variability of that
production (which is partially variability in yield). Rather
than assuming no trend factors and simply using the average
yield over the study period and the variation from that, an
attempt will be made to take out those factors that can be
predicted, by using time as a proxy.

Several yield functions will be estimated using time
in various degrees of a polynomial, to find that equation
which has the best fit with statistically significant coeffi-
cients. The following equation represents the important
variables used to estimate the yield on acres planted

function:
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YAPNBt = f£(T, Tz, T3)

Where:
YAPNB is yield on acres planted to navy beans in
pounds per acre in period t.
T, T2, T3 are representative of various powers of

time such that: T = 1 for 1951 and so on to T = 25

for 1975.

Due to the shape of the yield function over time
(Figure 4-3), it would be expected that both T and T2 would
be statistically significant and possibly T3. Alternate
signs would be expected on the coefficients for the time

variables.

4.4 Demand

4.4.1 Domestic Disappearance

Demand for U.S. navy beans can be divided into two
parts: U.S. domestic demand and U.S. export demand. The
domestic and export demand functions are each discussed
separately.

Domestic demand will be defined as domestic disap-

pearance for purposes of this study such that:

DDNB = ONB - XNB - GOVNB + CARIN - CAROUT
Where:

DDNB is the domestic disappearance of navy beans
measured in thousands of hundredweight.

ONB is the quantity of navy beans produced in the
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U.S. during the period, measured in thousands of
hundredweight.

XNB is quantity of U.S. exports of navy beans during
the period measured in thousands of hundredweight.
GOVNB is the quantity of navy beans purchased during
the periods by the government through the commodity
nonrecourse loan program of the CCC. The quantity
is measured in thousands of hundredweight.l

CARIN is the quantity of navy beans carried over
from the previous marketing season into the present
(beginning inventory) measured in thousands of
hundredweight.

CAROUT is the quantity of navyrbeans remaining at
the end of the present marketing season which will
be carried into the next season (ending inventory)

measured in thousands of hundredweight.

Many factors affect the quantity of disappearance of
a commodity. The most obvious is the commodity's own price.
Economic theory tells us that own price and consumption or
disappearance are usually expected to have an inverse rela-

tionship. It would be expected that an increase in price

lThe estimation of domestic disappearance is based on
the assumption that those navy beans purchased and later dis-
posed of by the government did not re-enter the commercial
market. This assumption probably leads to an underestimation
of domestic disappearance in some years. Since most of the
government purchased beans went into non-typical commercial
markets and it is very difficult to estimate just how many
went into typical commercial markets in short supply vears,
no attempt was made to adjust the model.
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wauld cause a decrease in disappearance. Generally product
price at the retail level is the most appropriate market
factor to consider in a demand function. Because of the
lack of data and the varied nature of the retail product in
the case of navy beans, derived or farm level price will be
used as a proxy.

As noted earlier, the price of navy beans in many
years of the period under investigation has been affected by
the government support price. The government operated a
price support program for navy beans until 1974. Through
the support system a minimum price is set such that the
government attempts to remove a sufficient quantity from the
market to keep the market price from falling below the sup-
port price. Due to handling and other costs the price re-
ceived by producers was usually about one dollar lower than
the support price. Because of this the market price some-
times fell below the support price.

A typical government commodity price support program
can be presented in a simple example. For this example a
linear demand curve is assumed and supply (carry in plus
production) is assumed fixed once a crop has been harvested
for a given season.

In Figure 4-3, the demand curve is represented by

D'D". Two levels of supply are presented by S0 and Sl' If

the net government price received by producers is Pg then
the demand curve faced by the producer with a government

support program is D'AB. The demand curve with no government
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Figure 4-3. Example of Government Price Support Program
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support program would be represented by D'AD". Thus when a
government support program is in effect and there is a
supply of Sy, the price received will be the normal market
equilibrium price of Py, and Qp will be removed by the com-
mercial market at that price. The normal market equili-
brium would be true for any season that the quantity avail-
able was less than Q,- If the supply is Sy and there is a
government support program in effect, the market price will

be supported at Pg and Q2 will be taken by the commercial
market. The quantity Ql-02 would be acquired by the govern-

ment through the default of nonrecourse loans. Ql is the
quantity which would be taken at Pl if there was no govern-
ment price support program. Thus when a season's supply ex-
ceeds 02 then a portion of the supply would be removed from
the market by the Commodity Credit Corporation in order to
insure the net price of Pg.

In years of large government takeovers of navy beans
the market price may not equal the net support price. This
is because of the mechanism of the commodity support system.
In years when market price approached the net support price,
producers could place all or part of their production under
loan to the government through the Commodity Credit Corpora-
tion. They would then receive the net support price. Up
until a date set each season by the Commodity Credit Corpora-
tion the producer had the opportunity of selling his beans
commercially and repaying the government loan. The pro-

ducer would do this if the market price went above the net
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support price. Thus even in years of high takeover, market
price may be above net support level because some beans were
marketed at higher prices. Once the established date is
past, the government then defaults the loans and takes over
ownership of the beans. If producers held some beans back
from the government program, past the aforementioned date,
which often happened, then they are still subject to below
net support level prices. If enough are held off then the
average weighted market price may be below net support price.
Because season average weighted price is dependent on govern-
ment price in some years and the price actually experienced
was slightly above or below the support price even in large
crop years, net government support price was not used as an
explanatory variable separate from market price.

Population and/or consumer income are often found
to affect the quantity of a commodity consumed. These factors
may have their direct influence on the retail level, yet it
is reasonable to assume that this influence will follow
through the marketing system to the derived or producer
level demand. Changes in population would be expected to
cause similar directional changes in quantity disappearance.
The expected sign for the income variable is not clear. Navy
bean products are generally considered convenience foods,
since most of the canned products are heat and serve. The
argument is sometimes made that as incomes grow the increased
income spent on dining away from home has become relatively

more important than the increased income spent on convenience
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foods made of navy beans. It would seem that dining out
(fast food chains, etc.) has undoubtedly affected the rate
of increase in dollars spent on bean products, yet it is un-
clear whether an increase in income actually brings about a
decrease in bean usage. Hathaway [1955] states "It is gen-
erally assumed that dry beans are a product with a negative
income elasticity. However, the case for this assumption for
navy beans is not entirely clear-cut. The proportion of
navy bean crop that is canned is not available, but estimates
for various years run from 50 to 90 percent. It is generally
accepted that income elasticity of the canned product is
not negative, so that income elasticity for both forms of
consumption of navy beans probably approaches zero." As
noted earlier, present estimates of percentage of navy beans
canned is about 90 percent, thus it seems totally reasonable
that the income elasticity for navy beans may be positive for
the study period. Both population and income will be tried
as explanatory variables in the demand function. In order
to remove some of the effect of a generally increasing trend
in population on the income variable, per capita disposable
real income will be used as the income variable. Total popu-
lation of the United States will serve as the population
variable.

Economic theory generally suggests that prices of
substitutes and complements affect the quantity demanded.
Few, if any, complements are thought to be of much importance

for navy beans. There are few good substitutes for the
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majority of the retail navy bean products. Some exceptions
to this statement might be considered. 1In the dry packaged
bean market consumers may make limited substitution between
navy beans and other classes of dry edible beans, but this
market is so small (less than 10% of domestic disappearance)
that it would be of little consequence.

In the canning market, substitution is even more re-
stricted. This is because most of the other classes of
beans don't can well or with a similar appearance (cracking,
splitting, mushy texture, etc.). Small white beans, which
in the U.S. are grown mainly in California, are probably the
only close substitute. The production of small white beans
is very small relative to that of navy beans (about 6%).
There seems to be a general belief in the industry.that small
white beans have very little effect on the domestic disap-
pearance of navy beans. This belief is supported in the
findings of Krebs [1970]. He states that, "the cross elas-
ticity of demand (for navy beans and price of small beans)
has been .03. Thus, the small white bean price has very
little influence on the domestic demand for navy beans.”

It seems even questionable that Krebs should have included
the variable at all in his domestic demand equation, since
the t-statistic for the coefficient related to price of small
white beans was only .029 (indicating a lack of statistical
significance). It has also been argued that at times the
prices and availability of fresh vegetables affects the

quantity demanded. Substitution probably occurs at both the
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wholesale and retail levels. At the wholesale level canners
sometimes switch over canning lines during periods of high
fresh vegetable availability. Since the fresh vegetables are
considerably more perishable than the dry beans, such a
change over makes economic sense. On the retail level, con-
sumers may also substitute fresh vegetables for canned navy
bean products during periods of relatively low vegetable
prices. Both the cannery substitution and the retail sub-
stitution are extremely difficult to demonstrate econometri-
cally. These are generally short run occurrences and often
only of importance in isolated geographic markets. It can
also be argued that assembly liné switching only temporarily

affects the quantity of navy beans canned and that fresh

vegetables at the retail level are not a good substitute for
the convenience oriented consumer. Because of these consid-

erations, no variables representing substitutes or comple-

ments are included in the econometric model.2

2Canned navy beans in the forms of "pork and beans,"
beans in tomato sauce, baked beans, bean soup, etc. are typi-
cally considered a convenience food in the United States and
Canada. The introduction of many new convenience foods into
the market in recent years has caused some concern in the
navy bean industry. It is generally believed that new and
improved frozen convenience foods like frozen pizza, improved
frozen dinners, and other specialities have begun to be sub-
stituted at an increasing rate for navy bean products in the
retail market. An even more recent development, causing
increased interest in development of new navy bean products
is the advent and subsequent high acceptance rate by consum-
ers of the microwave oven. The microwave oven has brought
with it a whole convenience food classification of its own.
This includes many frozen products. Bean products don't
freeze well and few new navy bean products are seen to be
coming forward in the immediate future. The effect of micro-
wave ovens is only recent and little of the sample
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It was observed from the data that domestic disap-
pearance was considerably lower from 1952 to 1957 than in
the years 1958 to 1975. The residuals from preliminary esti-
mation also bear out this difference. Thus the economic
variables presented to this point could not explain the
change. No apparent explanation for this change is avail-
able. Changes in data collection and reporting procedure
and changes in taste have been put forward as possible ex-
planations. Yet, these explanations do not seem adequate
in explaining the change. Another possible explanation is
that acreage controls in the 50-51 season may have caused
production to adjust more slowly than otherwise might have
occurred (lag effects). Even this reason can only be viewed
as a partial explanation. Although no clear-cut single ex-
planation can be found, it is necessary to account for the
obvious change illustrated in the data. A binary or dummy
variable (Kmenta [1971]) is used, such that the variable
equals zero for the years 1952 to 1957 and one for the years
1958 to 1975. The variable has the effect of shifting the
constant term after 1957.

The following equation represents the variables

assumed to influence domestic disappearance of navy beans.

DDNBt = f (PNBALL PCDI POPUSt, DUM)

t’ t’

period reflects their existence. While these goints may be
important, they are not included analytically in the present
study.



62

where:
DDNBt is the quantity of domestic disappearance of
navy beans in thousands of hundredweight for the twelve

month marketing period beginning on September 1.

PNBALLt is the average weighted price of navy beans
in real dollars per hundredweight paid to producers in
Michigan for the twelve month marketing year beginning on

September 1.

PCDIt is the average per capita disposable income in

real dollars for the U.S. during the period t.

POPUSt is the yearly average U.S. population in

millions of people in period t.

DUM is a dummy variable which has a value of zexo
for the years 1952 to 1957 and one for the years 1958 to
1975.

4.4.2 Export Demand

The other part of the U.S. demand function for navy
beans is the export demand. Most of the navy beans exported
from the U.S. go to the United Kingdom. The United Kingdcm
imported 54% of the 1975 export crop. The percentage of U.S.
exports going to the United Kingdom in the 1970 to 1975
period ranged from a low of 38% to a high of 75%. Most of
the remaining exports of navy beans typically go to The

Netherlands, Japan, West Germany, France, Italy, Australia
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and New Zealand. In some of the non-United Kingdom countries
markets have been developed relatively more recently. Al-
though the United Kingdom importation of U.S. navy beans has
historically fluctuated somewhat, many of the less tradi-
tional markets have had the tendency of being even less
stable. It should also be noted that in the 1973-74 market-
ing season and the 1974-75 marketing season the percentage
of total U.S. exports of navy beans to the EEC (European
Economic Community) was 80 and 61 respectively. Since this
community is highly volatile and political decisions with
respect to trade often affect more than a single U.S. export
or import commodity, there appears to enter an even in-
creased possibility of variability in the future.

Canada is the largest competitor of the U.S. navy
bean industry in the world market. Under present conditions
Canada produces about 20% of world production while the U.S.
produces about 65%. In Canada, navy beans are produced in
Ontario Province and more specifically the area of south-
western Ontario and some along the northern fringes of Lake
Ontario. 1In the last 25 years, Canadian production of navy
beans has increased steadily. During the 1967 to 1975
period, the domestic use in Canada remained relatively stable
at about 500,000 hundredweight. Thus, most of the increase
in production has gone into the export market. Even though
Canada only produces about 30% (1970 to 1975) as many navy
beans as the U.S., about 75% of its beans now go to export,

while only about 20% of the U.S. beans typically go into the
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export market. The quantities available for export (carry-in
+ production - domestic use) by the two countries have been
about the same over the past few years. Also, both coun-
tries ﬁraditionally export to the same market (the United
Kingdom and the rest of Europe). Yet, Canada usually sells
all their beans available for export before much of the U.S.
export crop is sold to these countries. This is because

the Canadian beans are usually priced slightly lower then

the U.S. navy beans. One explanation put forward for this
lower price is that the Canadian producers have lower costs
per unit than their counterparts in the U.S. This theory is
probably based mainly on the generally better yields realized
by Canadian producers over the past few years. This explana-
tion alone seems incomplete. A more reasonable explanation
may be due to the existence and effecti&eness of the Ontario
Bean Producers Marketing Board. The marketing board which
controls all navy beans produced in Ontario (basically all
navy beans produced in Canada) has three policies (see dis-
cussion in Chapter II), which when combined, better explain
the lower export price which Canadian producers are willing
to take. The first is the import tariff on beans entering
Canada. The second is the unwillingness of the Board to be
storers of beans. The third is the fact that a pool price

is received by producers. In other words, the Board prices
its beans at such a price so as to move all the beans pro-
duced in any year.

Argentina and Ethopia and a few other ccuntries
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produce white beans which find their way into those markets
which have traditionally been supplied by the U.S. and Canada.
While these countries' exports must certainly affect U.S. ex-
ports both the extent of the effect and the actual country

or countries involved have changed from year to year during
the last ten years. In summary, then:

l. The U.S. will be competing with more countries
in the future in the traditional bean import markets.

2. Because beans produced in non-North American
countries are generally of lower quality, the U.S. will have
some base amount of beans it will most certainly be able to
export in the near future.

3. Because many of these countries are merely ex-
perimenting in the white bean industry and because of various
political uncertainties, it seems likely that the extent of
competition will be highly variable in the future.

It should be evident that the U.S. export market for
navy beans has been a highly volatile market in the past and
that the prospects in the future point to more of the same.
While the growth in Canadian production shows signs of level-
ing off, the prospects of other competing countries appear on
the increase. The advance of competitive convenience foods
and political uncertainties both internal and in various agri-
cultural import pacts between U.S. and the EEC have led to
the continuation of export demand uncertainty. The inter-
national monetary exchange rate variability coupled with the

lack of good forward contracting to foreign markets has added
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to the problem. Finally it should be noted that the quan-
tity exported in part depends on the size of the crop,
which, as has been discussed, is also highly variable.

The nature of the export market has caused some
problems in the decision process as to what variables are
likely to be most important in the export demand model.

As with domestic disappearance, the price paid for the beans
is likely to be an important explanatory variable. The
actual export price paid the shippers would be the best
price to be used for this part of the model, but any estima-
tion of such a price would be highly subjective, if at all
possible. Because the weighted price received by producers
(same as for domestic disappearance) is available and con-
siderably more reliable, it will be used as an explanatory
variable. The price of navy beans would be expected to have
a negative relationship with quantity exported. As with the
domestic disappearance, theory tells us that income and popu-
lation in the importing countries should be important to the
quantity of a commodity exported. Since the United Kingdom
is so important in the U.S. export market, some measure of
their demand should be included. Population and per capita
national income of the United Kingdom will be tried as ex-
planatory variables in the export demand model. Population
and income variables from other importing countries were not
used because of the small percentage of the market any other
individual country makes and the high variability of the

amount any of these countries might import. Again it would
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be expected that population of the United Kingdom and the
quantity exported by the U.S. would move in like directions.
The effect of changes in income in the United Kingdom on
quantity exported is less obvious. It is believed by some
that as income increases in the United Kingdom, more dining
out is done, thus reducing the amount of navy beans con-
sumed and as incomes decrease, less dining outside the home
is done and bean consumption would increase. It seems highly
likely that this does occur to some extent, although it may
not be the dominant effect. Other factors, like the move to
convenience foods as incomes rise, increased product accept-
ability, increase in food consumption in general with higher
incomes, and the fact that even.on a per capita basis sepa-
rating the income and population effects in time series

data can be difficult. Thus the sign of this independent
variable is difficult to predict a priori. Other factors,
which have been discussed and are likely important to the
export market, such as production of competing countries
other than Canada and the political policies followed by
both these competitors and those of the various importing
countries, have traits which make them very difficult to
quantify.

Finally the navy bean situation in Canada must be a
factor in the U.S. navy bean export market. Some evidence
was presented earlier in this chapter of the possibility that
because of the policies of the Ontario Bean Producers Market-

ing Board, only part of the U.S. crop available for export



68

can be exported until all the Canadian crop is exported.
Thus part of the U.S. crop is exported only due to the sur-
plus demand remaining after the beans available for export
in Canada have been sold. The economic significance of this
factor year in and year out is not clear. The lack of
clarity is probably at least twofold. First, is the fact
that a certain quantity of U.S. beans has been exported re-
gardless of other countries' crops, due to quality reasons.
Second, is that the "surplus effect" mentioned above has
been incorporated into the U.S. navy bean industry's think-
ing due to the marketing advantages with the United Kingdom
that Canada enjoyed for most of.the study period. A good
argument can be made that in an econometric study of this
nature a combined North American export demand function might
be desirable. Difficulties arise in relation to price com-
parison between the U.S. and Canada brought about because of
the Canadian import tariff and the aforementioned tariff
advantages into the United Kingdom. The limited Canadian
data available relative to that available for the U.S. also
makes the direct addition of Canadian export and production
factors to the export demand function impractical at this
time. A simple North American export equation is presented
in Appendix A.

The following equation represents the variables

assumed to influence export demand for U.S. navy beans.

XNBt = f(PNBALLt, POPUKt, PCNIUKt)
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where:

XNBt is the quantity of exports of navy beans in
thousands of hundredweight for the twelve month marketing
period beginning on September 1.

PNBALLt is the average weighted price of navy beans
in real dollars per hundredweight paid to producers in Michi-
gan for the twelve month marketina year beginning on
September 1.

POPUKt is the yearly average population of the
United Kingdom in millions of people in period t.

PCNIUKt is the average per capita national income in

real dollars for the United Kingdom during the period.

4.5 Complete Proposed Model

The proposed model for the supply and demand of U.S.
navy beans is now comovlete. It consists of the following

four functional equations and two identities.

Production
APNB,_ = B, + B;; PNB__, + B, PC__; + Bj5 PCB__;
+ By, APNB__, + U},
YAPNB, = B + B..T + B T2 + U
t 20 21 22 2t

Supply Identity

= *
O_NBt APNBt YAPNBt
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Demand

DDNBt = B30 + B31 PNBALLt + B32 PCDIt + B33 POPUSt
+ B34DUM + U3t

XNBt = 340 + B4l PNBALL,c + B42 POPUKt + B43
PCNIUKt + U4t

Market Clearing Identity

DDNBt = QNBt = XNBt - GOVNBt + CARINt - CAROUTt

4.6 Estimating Procedures _

Estimating procedures are considered next. A linear
functional form will be estimatéd. Since the acres planted
equation. and the yield equation each have only one endoge-
nous variable, ordinary least-squares may be used as the
estimating procedure. Given the assumptions that the ex-
pected value of the error term is zero, that the variance of
the error term is equal and less than infinity for all terms,
that the covariance between error terms is zero for any
length of time between them and the covariance between the
nondependent variables and the error term is zero (truly
exogenous); the ordinary least-squares procedure will give
best, linear, unbiased, consistent estimates of the equation
coefficients. Some care must be taken when considering the
acres planted equation. This equation includes the de-
pendent variable lagged one period as an explanatory variable;

N —

thus depending on the original nature of the correlation,
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first order autocorrelation may be introduced. Since the
procedure is simple and Hanusheh and Jackson [1977] state
"... with dynamic models it may be superior not to test for
serial correlation but instead to proceed as if it were
present," the Cochrane-Orcutt iterative correction method
will be applied to this equation.
The demand structure has two functional equations

and a market clearing identity and three endogenous variables
(DDNB, XNB, PNBALL). The values of the endogenous variables
are determined simultaneously within the system. Ordinary
least-squares cannot be used as an estimating procedure in
this case. The estimates of the equation parameters would

be biased using this procedure (Johnston [1972]). The equa-
tion may -be estimated using one of several simultaneous
estimating procedures. In order to use these procedures,
each equation in the system must be just identified or over-
identified according to the rank and order conditions of
identifiability (Kmenta [1971]). Since each equation in the
demand structure is identified or over-identified according
to these conditions, one of the simultaneous procedures can
be used. Two stage least-squares was selected as the simul-
taneous estimating method. This method was selected be-
cause among the limited information procedures, two stage
least-squares estimators generally seem to be the most robust
and have the least small sample bias as well as the smallest
variance among consistent estimators (Johnston [197Z21],

Hanushek and Jackson [1977]). Also important in selecting
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this procedure are its relative computational simplicity and
cost efficiency. If the same assumptions as made for ordin-
ary least-squares estimates are met with the exception that
the covariance between explanatory dependent variables and
the error terms need not be zero, then two stage least-
squares estimates of the parameters have large sample prop-
erties of being asymptotic unbiased, asymptotic efficient

and consistent.

4.7 §g§ult of Econometric Estimation

As stated earlier, little empirical work has been
done in estimating navy bean supply and demand. The relation-
ships and variables presented earlier in this chapter were
proposed as those most likely to be important to the struc-
tural relationship of the model and of greatest value in ex-
plaining the endogenous variables. The estimated equations
in Table 4-3 are the result of the initial proposed struc-
ture and an iterative process of computation and specifi-
cation decisions. The final specification of the model was
seen as most desirable with respect to statistical signifi-
cance and economic theory. The intermediary decisions made
in the estimating procedure are commented on as the estima-
tion results of each structural equation are discussed.

Reported in Table 4-3 are the endogenous variables,
the means of the endogenous variables and the standard error
of the regression. The explanatory variables and their es-

timated coefficients are also presented. The standard
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errors of each coefficient and the related t-statistic are
located directly under each estimated parameter. The t-
statistic is the ratio of the estimated parameter to its
standard error. For the equations in this study a t-
statistic of 2.1 or greater would indicate a significance
level of .05 in the case of a two tailed test or one can be
at least 95% confident that the null hypothesis of a para-
meter equaling zero can be correctly rejected. It should be
noted that when simultaneous svstems are estimated (demand
side), a t-distribution is not necessarily appropriate.
Kmenta [1971] states: "In small samples the desired accep-
tance regions or confidence intervals are usually determined
by reference to the tabulated t-distribution. This procedure
is clearly not exactly valid, since the test statistic does
not have a t-distribution. The question, then, is whether
the t-distribution can serve as a tolerable approximation of
the true distribution so that the results of the tests and
of interval estimation are not seriously distorted. The
available Monte Carlo evidence suggests that the distortion
is usually reasonably small." Thus it will be assumed for
purposes of this study that the use of t-ratios would lead
to reasonably reliable inferences. 1Included in the table
are values for ﬁz,the Durbin-Watson test and the F-statistic.
The §2 is a measure of the proportion of variation in the
normalized endogenous variable explained by the independent
variables in the equation and adjusted for degrees of free-

dom. Because two stage least squares procedure was used for
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the domestic disappearance and export demand equations,

§2 cannot be strictly interpreted as stated above. If proper
discretion is used, ﬁz can be used as a measure of the good-
ness of fit of the equation. Due to the method of calcula-
ting the structural coefficients, there is no guarantee that
the two stage least squares §2 value has a lower bound of
zero. The Durbin-Watson test is a test for autocorrelation
or the absence of autocorrelation. The Durbin-Watson test
is not applicable to the acres planted equation because of
the lagged dependent variable, but the equation in Table 4-3
has been corrected for autocorrelation and the Durbin-h
statistic is reported. The Du:bin-h statistic is applicable
when there is a lagged dependent variable. The h statistic
can be tested as a standard normal deviate.

The F-statistic is used to test the hypothesis that
all the parameters except the constant term are jointly equal
to zero. If one rejects this hypothesis, it basically means
that at least one parameter is different from zero at the
selected significance level or that one would reject the
naive model of no systematic explanation for the endogenous
variable (null hypothesis) in favor of the hypothesized model.
That hypothesis would be rejected in all the equations of the
model at the .95 confidence level or higher.

In the next section of this chapter an analysis and
summary will be presented for each estimated equation in the
economic model. The iterative decision process linking the

proposed model specification and the final estimated version
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will also be briefly discussed in each section.

4.7.1 Acres Planted
In the acres planted equation, the estimated rela-

tionship is

APNBt = 424.16 + 8.823 PNB - 117.606 PC

t-1 t-1

+ 0.331 APNB + U

t-1 1t

The signs of the parameters of the explanatory
variables are as expected. An increase in the price of navy
beans of one dollar in the preceding period, typically is
associated with an 8823 acre increase in the acres planted
in the next period. Or, a one percent change in the price
of navy beans implies a 15 percent change in the number of
acres planted (price elasticity of .15) in a like direction
(holding other things constant). Although the response in
acres planted to price changes seems low, it is important to
realize that this is a short run elasticity. The above
stated price elasticity of .15 is really only reflective of
the short run adjustment. The long run or total adjustment
to a permanent shift (everything else held constant) in
price can also be calculated but due to the structure of the
equations some difficulty arises. Because lagged own price,
lagged acreage and lagged corn price appear in the equation,
two effects discussed earlier play a role in the long run
elasticity determination. Both the coefficient of expecta-

tions and the coefficient of adjustment are involved; if one
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or the other were involved then little problem would occur.
Because these effects enter the equation symmetrically it is
difficult to separate them. Since the price elasticity for
acreage is not important to the functioning of the stocks
model, no attempt was made to distinguish these effects.
An iterative procedure developed by Nerlove [1958] can be
used to separate the effects and thus estimate long run price
elasticity. It was observed that the price coefficient
(elasticity) was robust with respect to different specifica-
tions. In an earlier econometric study, Krebs [1970] found
the short run elasticity of navy bean acreage planted with
respect to the previous period's navy bean price to be .28.

Because of the lagged nature of the acres planted
equation, it seemed reasonable that nonlinear lag models
might more accurately represent what was occurring. In such
models, prices from more than one lagged period could be
allowed to be weighted considerably less than those of the
most recent lag period, yet still could be statistically
significant. Thus preliminary tests of the usefulness of
such lag structures were attempted. (For typical testing
procedure see Johnston [1972]). The tests indicated that
response is most important in the preceding period and that
other lagged periods had little effect even in nonlinear
models.

In much of the navy bean production area, corn is a
competitor for the land. Hence, results indicated a nega-

tive relationship between the price of corn in the previous
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period and the acres planted to navy beans in the next
period. A ten cent increase in the price of corn would
typically cause a 11,800 acre decrease in navy beans planted
the next season. Thus the short run elasticity of the acres
planted to navy beans with respect to last season's corn
price is estimated at -.29. Krebs' [1970] estimate for

the short run elasticity was -.44. 1In a study on all dry
beans in 1967, Vandenborre [1967] found the short run elasti-
city of dry bean acreage planted with respect to last year's
corn price to be -.34. What is important to note is that
navy bean acreage is responsive to changes in the price of
corn. One might expect this response to increase in the
future as more good short season varieties of corn come to
the market, helping raise corn yields in the "Thumb" area of
Michigan. As mentioned earlier, soybeans have probably be-
come a competitor for the land with navy beans and corn in
the past few years, yet the inclusion of a soybean price
variable proved to have parameters not statistically differ-
ent from zero for the study period. There also was some
question as to whether corn price from more than one lagged
season had a significant effect on acres planted in the
present season. This really would imply that the adjust-
ment or price expectation horizon was longer than two

periods due to the immobility to change factors of produc-
tion completely or because the price change was not yet fully
viewed as permanent. Statistical results on various attempts

at lags for corn price of more than one period showed that
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such a lag effect is not statistically significant.

The estimated equation indicates that acreage
planted to navy beans in the present season is positively
related to acreage planted to navy beans in the previous
season. This would appear to represent the expected limita-
tions to the complete adjustment to a desired level of plant-
ing discussed earlier. Such limitations, due to the inabil-
ity to change, cost of changing or lack of adequate know-
ledge, demonstrate that if a certain acreage was planted last
season at least some percentage of those acres will be
planted again this season.

It was stated earlier that price of other classes of
dry beans in Michigan was suspected of being important to
the acres of navy beans planted. The economic variable of
the previous season's composite price for these classes was
not statistically significant (t-statistic of 0.4), the re-
sulting equation with price of colored beans lagged one

period (PCBt_l) was as follows.

APNB_ = 368.2 + 8.51 PNB - 133.5 PC,__

t-1 1

+ 0.38 APNB + 1.6 PCB__

t-1 1

There are probably many reasons for the lack of significance.
One is that those areas which grow the other classes are
usually the fringe counties, such that only in the fringe of
the navy bean producing area are other classes likely to be

competitive for the land. A second reason is that the
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various colored bean markets in Michigan are "thin" markets.
Thin markets are those markets where only a small amount of
a commodity is produced. 1In such a marketing situation,
small increases in acreage are likely to have a large de-
pressing effect on prices, thus this may cause producers to
refrain from much substitution.

It appears that changes in own price and changes in
price of alternative crops have limited influence on the
acres planted. This is also reflected in the constant term
which is about 77% of the mean value of the endogenous
variable. Several reasons for this result are possible.

The first may be the government price support program which
for many years during the study period set an effective
floor price. A floor price would tend to help limit fluctua-
tions in acres planted. Producer specialization due to pre-
ference, the lack of good short season corn varieties or
rotational and diversification requirements, may have
created a built in base acreage for navy beans which is slow
to react to other changes. As agricultural traditions, corn
and soybean seed varieties and navy bean markets change we
may see a greater willingness of navy bean producers to
react to price changes.

The equation reported (Table 4-3) was corrected for
serial correlation. This was done because use of a lagged
depéndent variable may introduce first order serial corre-
lation (see earlier discussion). The Cochrane-Orcutt itera-

tive correction procedure was used. There was very little
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change in the parameters from the original (below) to the

correctea equation.

APNB, = 380.04 + 9.00 PNB

. e - 112.29 PC

t-1

+ 0.39 APNB + U

t-1 1t

Rho (estimate of autocorrelation) was .218 with a t-statistic
of 1.09. The elasticity of acres planted with respect to

past seasons own price is still .15.

4.7.2 Yield
The other equation concerned with U.S. production is
that of yield on acres planted. The trend effects demon-

strated by the yield data are presented in the equation:

_ 2
YAPNBt = 688.25 + 66.09T 2.29T7" + U2t

As expected, powers of time greater than the second power
were not statistically significant. As presented earlier,
only time was used in order to capture apparent trends in
the data, because of the lack of measurable explanatory var-
iables. Although the use of these trend factors did improve
the fit over a simple mean (see F-statistic), the §2 was
very low at .23, as was expected. What is important, i.e.,
taking the trend factors into consideration for the carry-
over stocks model, was accomplished by this naive model.
When making predictons ©of future yields, extreme care should

be made in the use of such an equation. Limiting the
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equation to the second power explicitly assumes that yield
will continue in a downward trend into the future. Such an

assumption is probably incorrect and adjustments to future

yields would have to be made when using a similar trend

model for forecast.

4.7.3 Domestic Disappearance
The coefficients of the explanatory variables in the
estimated equation for domestic disappearance of navy beans

had signs consistent with expectations. In the equation

DDNBt = 1742.14 - 160.72 PNBALI'..t + 1.22 PCDIt

+ 648.53 DUM + U3t

the price of navy beans was found to be negatively related
to the quantity of domestic disappearance. The domestic
price elasticity of demand for navy beans was estimated to
be -.37 for the study period. This price elasticity would
seem reasonable for an agricultural food commodity at the
derived demand level. Empirical studies indicate that the
aggregate farm-level elasticity of demand for all food in
the United States is less than -0.2 and is probably closer
to -0.1 (Tomek and Robison [1972]). It must be remembered
that elasticity estimates are influenced by the degree of
product aggregation. The more products are combined, the
fewer the number of substitutes and therefore the less

elastic (more inelastic) demand is likely to be. Thus, it
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would be expected that the estimates of price elasticity of
demand for all food would be more inelastic than that of navy
beans. Since there are few if any substitutes for navy beans
in the canning industry, it is to be expected that the price
elasticity would be relatively inelastic.

There had been some thought in the industry that high
prices one year would have an adverse effect on demand for a
few seasons into the future. Such an effect seemed possible
especially in the export market where canners and consumers
might have made adjustments to other food varieties and there
would be some lag time required to respond to changes from
the higher price levels. Variables for lagged own price
(one and two periods) were added to the demand functions
(domestic and export). Resultant coefficients on the lagged
variables were found to be not statistically different from
zero. It was therefore concluded that at times there may be
some longer run price effect, but there was no apparent
systematic statistical relationship over the study period.

Per capita disposable income is estimated to have a
positive relationship with domestic disappearance. As men-
tioned earlier, an a priori judgmént as to what the sign of
this variable ought to be was extremely difficult. It
should be noted that in the final equation a population
variable is not included. It was discovered in the inter-
mediary steps that both population and income variables had
about the same effect (see Appendix A for equation with both

included). This is not unreasonable because both have
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generally been increasing with time. The correlation coef-
ficient between the two variables is 0.97. Because of this,
only one of the two variables was used and per capita dis-
posable income was chosen because it contributed slightly
more to the overall fit. Because of this decision there was
some concern that the positive sign for income may be due to
the overall effect of time (trend due to changes in taste,
marketing or acceptance). When time was added as a variable
to the model it seemed that some purely trend effect may be
included in the income variable, but what is important is
that the sign on the income variable was still positive. Be-
cause of the lower level of significance for the time and in-
come variables when both were included, it was decided to use
only the income variable and realize that in doing so care
must be taken in interpreting the income variable. The in-
come elasticity is estimated to be .79, but to place consid-
erable importance on the magnitude would be misleading since
the variable is not likely structural, rather the fact that
the income elasticity turned out to be positive is what is
important.

The coéfficient for the dummy variable is 648.53.
This means that for the period of 1957 to 1975, the constant
term is increased by 648.53 thousand hundredweight. This
result was expected after preliminary inspection of the data.
The possible reasons for the need of this variable were pre-
sented previously. What this variable does is provide the

ability to represent a systematic change in disapvearance
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which can at this point only be done with a binary variable.

4.7.4 Export Demand
The final equation, export demand for U.S. navy beans

is as follows:

XNBt = =9243.79 - 127.97 PNBALLt + 213.92 POPUK + U4t

As expected the price variable took on a negative sign. The
estimated price elasticity of exports is -1.03. Export
elasticities of this magnitude for agricultural commodities
are not uncommon. Theory suggests that in almost all cases
export elasticities would be more elastic than domestic
elasticities for the same commodity. The income variable
was deleted from the equation because when income and popula-
tion variables were included, both had positive signs,- but
each was statistically not significant. This probably oc-
curred because of the high correlation between the two vari-
ables (.96). Thus only one, population of United Kingdom,
was used. It should be noted that in doing so, it is likely
that the variable also had some of the income effect in-
cluded. Population was chosen because it was the better of
the two in improving goodness of fit for both estimated

equations in the simultaneous system.

4.8 Summary

In conclusion, the acres planted equation and the

yield equations on the supply side turned out about as ex-

pected. Although the yield equation demonstrated a low ﬁz
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it was important that the trends be taken into consideration
for use in the carryover stocks model. Explanatory variables
used in all the equations had coefficients statistically dif-
ferent from zero at the .05 significance level or lower.

(One exception was DUM in the Domestic Disappearance equation,
its coefficient was statistically significant at the .10
level.) Although the coefficients for the economic variables
in the domestic and export demand equations were significant,
the variables only explain about half of the variation of the
dependent variable in each equation. It thus seems that
either these variables exhibit a highly unsystematic nature
or other factors are relevant to the demand schedules. Some
such factors were discussed earlier and it was decided that
problems of measurement and reliability made them impossible
to be entered at this time. The equations were developed to
facilitate the functioning of the stocks model. Due to the
‘addition of stochastic capabilities for demand (stochastic
supply capabilities already existed) to the model, the ex-

planatory level is not of critical importance.



CHAPTER 5

The Optimal Carryover Model Results

5.1 Introduction

This chapter presents the results of the optimal
carryover model. As described in Chapter -three, the results
take the form of optimal rules. A rule consists of a supply-
carryover relationship for a set of specific conditions.

The important conditions which must be set prior to rule
determination are (see Chapter three for description):

1. Cost of carrying over navy beans.

2. A probability distribution of production.

3. A marginal value function.

4. A discount factor.

More specifically, the conditions manifest themselves in the
computér program in the form of the following required in-
put data.

l. A marginal cost of carryover function.

2. A set of production quantities and related

probabilities.

3. An expected value for production.

4. An intercept for the demand functicn.

5. A slope for the demand function.

6. A discount factor.

7. An initial set of carryover quantities.

87
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As discussed in Chapter three, it is not always reasonable
to assume one set of conditions for all circumstances. It
is thus a good idea to test how sensitive the carryover rule
is to certain changes in the assumptions. The following

sections present and discuss the specific assumptions.

5.2 Specific Assumptions as to Conditions

Since cost of carryover is a function of final sell-
ing price as well as number of months in storage, this
originally presented some problem. The problem concerned
what to use for the cost function. One possibility was to
put all the calculations (functions and data) on a percent-
age of normal (expected value) basis. All relevant calcula-
tions would have to be algebraically transformed to a per-
centage basis. With this approach, the cost function could
be expressed in terms of percentage of carryover (which in
this case amounts to the same as percentage of expected
price). This alternative, although slightly inconvenient
due to the algebraic manipulation, made the handling of the
cost function much simpler.

If, for example, the non-interest cost of storage is
one percent per month multiplied by the sale price, as typi-
cally quoted by shippers, then the twelve month storage

cost could be expressed as:

12 months * 1l%/month * quantity carried = total cost
of carryover, or

12% = marginal cost of carryover
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This method is also convenient in that the function can be
changed easily. If it is believed that a significant amount
of on-farm storage is available at a lower cost, say 0.5%/
month (due to handling and damage), then the cost function

could be easily adjusted to the following:

12 months * 0.5%/month * Quantity carried = Total
cost of carryover, or

6% = marginal cost of carryover.

Obviously other more sophisticated functions could
be employed if knowledge of the system or other need so
warrants. One such need might be evident if working stocks
or inventories were found to be necessary for the efficient
f;nctioning of the navy bean marketing system.

As stated in Chapter three, a range of feasible
marginal costs will be investigated. For the purposes of
this study, 1.33% per month will be considered the upper
limit for non-interest cost. The lower limit will be set
at 0.5% per month. The upper kound might be illustrative
of a high charge for beans stored at the elevator but owned
by the producer. The latter figure indicates a situaticn
where a majority of the stored raw product was held on farm
in already existing storage facilities. Thus the upper and
lower bounds on marginal cost would be set at sixteen and
six percent respectively. The intermediate marginal cost

possibilities of nine percent and twelve percent will also

be examined in the analysis. The nine percent figure might
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be looked upon as a "middle of the road" or most likely
estimate of weighted marginal cost. .This would be indicative
of a situation where both on-farm and off-farm storage of
navy beans existed. This situation is typical of practices

in Michigan bean production areas.

5.2.1 Production Quantities and Related Probabili-
ties

Econometric functions for both yield and acreage
planted were derived in Chapter four. In order to get quan-
tity produced, yield must be multiplied by acres planted.
Thus the probability distribution of quantity produced is a
joint distribution based on the non linear (multiplicative)
combination of the distributions of the error terms of the
yield and acres planted equations (see RAO [1973]). This
joint distribution has the large sample property of being
normal if the original distributions are normal. Due to the
assumptions about the properties of the error terms in least
squares estimation, the distributions for both equations are
assumed to be normal.

Given that the joint distribution is normal, then
only the first and second moments are needed to completely
describe the distribution. Only the expected value and the
variance need be estimated. The description of the calcula-
tion for expected value is in the next section. The estima-
ted variance for the joint distribution is 1,188,100 (stan-

dard deviation = 1,090 (1,000's cwt)).
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One problem occurs with the large sample properties
in the case of yield. Because of the trend variable, it can-
not be assumed that the variance will converge to a finite
limit. Yet given the equation specification, this technique
for establishing the joint distribution is the best approxi-
mation. It would appear that the longer the trend, the great-
er the distortion. A simple test was done on the resultant
variance to check possible distortion. The outcome gave
added confidence in the approximation method. The test was
to check how many of the twenty-five observations fell within
a range of plus or minus two standard deviations about the
expected value. Of the twenty-five observations, twenty-
four (96%) fell within the range. Also, seventeen of the
twenty-five (68%) observations fell within a range of plus
or minus one standard deviation about the mean.

Next a joint distribution based on the above estima-
ted distribution and the distribution of the error terms
from the total demand function must be generated. This step
is necessary due to the addition of a stochastic demand
function into the model (see Chapter 3, Section 5). Once
the variance for fhe joint distribution based on the linear
combination of domestic and export demand functions (each
distribution again assumed normal) was established, linear
combination methods could be used to estimate the variance
of the production-demand joint distribution. The resultant
variance, with the expected production, could be used with

a set of standard normal tables to get a distribution to
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input into the computer program. The variance for the pro-
duction-demand joint distribution is estimated to be

1,795,600 (standard deviation = 1,340 (1000's cwt)).

5.2.2 calculation of Expected Production

The expected value of production must be calculated
in order to complete the distribution. Expected production
(yield per acre planted * acres planted) for 1976 will be
used as the mean value for the distribution. The year 1976
was chosen for some obvious reasons. It is the first year
outside the range of the data used in econometric estimation.
The further into the future the estimate is made the poorer
the estimate is likely to be. This problem can be handled
by periodically updating the econometric estimates. Cal-
culations based on 1976 are also appropriate because it is
the first year for which the optimal carryover model can be
tested. Thus the values for the explanatory variables for
1976 are used both in mean estimation as well as in the non-
linear variance estimation for production mentioned in the
previous section. Estimation of the expected value is not
a difficult matter, because all the explanatory variables
for the yield and acres planted equations are known with cer-
tainty. Simply by substituting the values for the explana-
tory variables, the expected production for 1976 can be
estimated. The estimate of that production was calculated
to be 4,923 (1,000's of cwt).

Using the standard normal tables, a distribution of
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production (x+u) ~ N (4923, 1340) can now be specified. This
distribution can then be input into the computer program. A

typical distribution might be the following:

Table 5-1. Production Possibilities and Related Probability

Production (x+u) Probability of Occurrence
1000's CWT Percentage of
Expected
1573 31.95 .009
2243 45.56 .028
2913 59.17 .066
3583 72.78 121
4253 - 86.39 .176
4923 100.00 .200
5593 113.61 .176 .
6263 127.22 .121
6933 140.83 .066
7603 154.44 .028
8273 168.05 .009

5.2.3 Discount Factor

The discount factor is also a data input requirement
of the program. As stated in Chapter three, it is difficult
to establish a single social discount factor universally
acceptable. Thus, it was decided that a realistic range
would be used. Discount factors of 0.9524, 0.9090, 0.8696,
and 0.8333 (based on the corresponding interest rates of 5%,

10%, 15% and 20%) will be attempted to test the sensitivity
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of the carryover rule to changes in the assumptions about

this precondition.

5.2.4 Intercept and Slope of the Total Demand
Function

The intercept and slope of the total demand function
are necessary inputs to the model. The demand function must

be in the following general form:

Price = a + B * Quantity

Where:
o is the intercept

B is the slope

To derive such a structure from the econometrically estima-
ted equations, it is necessary to follow a three stage
process.

The first stage involves the aggregation of the
domestic and export demand functions. The resultant total
demand function then must be algebraically manipulated into

price dependent form. The following is the result of stage

one.
(1) PNBALL = -7501.65 - .003486 (DDNB+XNB)+ 0.75 POPUK
+ .00423 PCDI + 2.25 DUM
where:
PNBALL = Price of navy beans
POPUK = Population of the United Kingdom
PCDI = Per capita disposable income, U.S.
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DDNB = Domestic disappearance for navy beans
XNB = Exports of navy beans
DUM = A binary variable

A check on the aggregation might be to look at the price
elasticity of the total demand function. The estimated price
elasticity is -.508. This estimate is within expectations
given the elasticities of the individual demand functions

and the nature of the commodity under consideration.

The second stage involves the incorporation of the
effects of the independent variables into the constant term.
This is done by substituting the values for these variables
into the equation. Since 1976 values were used in production
estimation, they will likewise be used here. All the inde-
pendent variables are either known or good projections can be
acquired (as in the case of population and income) affecting
a fairly simple estimation. The following equation is the

result of the substitution:
(2) PNBALL = 31.39 - .003486 (DDNB + XNB)

The third stage involves the algebraic transformation
of equation (2) into a percentage form. The change is neces-
sary to keep the units in accord with the cost function. The

transformed equation is:

(3) PNBALL = 220 - 1.20 (DDNB + XNB)

220 and 1.2 can then be used as input data to the computer

program for the intercept and slope respectively.
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Allowing aggregate elasticities to differ somewhat
from the estimated value of - 508 is an interesting exercise.
Alternative elasticities of -.60 and -.40 will be examined
to better understand the sensitivity of the optimal rule to
variations in elasticity. The results of using these alter-

natives are presented in Sections 5.3 and 5.4.

5.2.5 Set of Carryover Quantities

It is necessary to input an initial set of carry-
over quantities to start the dynamic programming process.

In general, the range of the carryover quantity set depends
on several factors.

1. The final distribution of carryover quantities

generated by the rule itself.

2. The non-negativity requirement.

3. The specific crop under consideration.

4. The initial level of supply (if any).

5. The nature of the cost function.

6. The nature of the demand function.

There is also a question as to the size of the inter-
vals between carryover quantities. Since interpolation be-
tween points is used, the degree of accuracy can be affected.
Generally it is best to use smaller intervals over the most
relevant regions and larger outside these areas (relevancy
here is a function of typical production, magnitude of the
variance and the shape of the cost function). Both the range

and interval size therefore are selected through an iterative
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process. Some initial set is used and then adjusted when
the preliminary output is analyzed. An example of a set of

carryover quantities for navy beans follows:

Table 5-2 Set of Carryover Quantities

Percentage of Expected Production

0.05 0.80 5.00
0.10 1.00 10.00
0.30 2.00 20.00
0.50 3.00 300.00

These quantities can be found on the printout in Appendix B
labeled "carryover vector."

Once the values for the required input data have
been determined, then the computer program can be run. A
rule was computed for each possible combination of assump-
tions as to the values of the predetermined conditions.

The results are presented in the following section.

5.3 Estimated Optimal Carryover Rules

The results presented are optimal storage rules for
navy beans, under alternative assumptions about the condi-
tions. In Table 5-3 the optimal rule for each set of assumg-
tions is enumerated. For subsequent discussion, each set of
assumptions and the corresponding rule are numbered. In the
table the production and carryover figures have been trans-
formed from percentages back to physical quantities. No

carryover is ever recommended for production of less than
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the expected value (see Table 5-3). Since cost is positive,
and the interest rate is positive, this result is as expect-
ed. All carryover levels shown here are quantities in ex-
cess of minimum working stocks. Minimum working stocks are
the aggregate quantity of beans which farmers, shippers and
canners hold in inventory to facilitate efficient day-to-
day market operations, no matter how small the total avail-
able supply. If some minimum level of working stocks or
pipeline stocks is seen as necessary for the efficient func-
tioning of the market, then it ought to be included either
directly (added in when carryover rule < minimum level work-
ing stock) or as an adjustment in the cost function.

In order to better understand the results, an exam-
ple will be discussed. The example will be based on rule
#5. For this rule the fbllowing assumptions about the con-

ditions were made:

Demand price elasticity = =-.508
Marginal Cost of Storage = 9%
Discount Factor = .8696

Of the various assumption combinations examined, that for
rule #5 most closely fits the conditions experienced in the
1976-77 marketing season. As discussed in Section 5.2.1,
nine percent is a reasonable estimate of a weighted average
marginal cost of storage. A discount rate based on a fif-
teen percent interest rate is also not unreasonable. Given
the economic scenario of that period, most estimates of the

interest rate ought to fall between ten and fifteen percent.
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Much of the difference could be attributed to the perceived
level of risk. The elasticity of -.508 was selected be-
cause this was the econometrically estimated aggregate elas-
ticity. Thus given these assumptions about the conditions,
an optimal rule can be reviewed and deviations from these
assumptions discussed.

Under the assumptions of rule #5, no carryover is
recommended until production is over 5,500,000 cwt. If pro-
duction should be high for 1976, let's say 6,000,000 cwt. or
about one standard deviation greater than the expected pro-
duction, then the optimal carryover would be 170,000 cwt.

If production should be exceptionally good and 7,000,000
cwt. or about 1.9 standard deviations greater than expected
production is produced, then optimal carryover would be
775,000 cwt. How do these figures compare to recent actual
carryover quantities? 1In the ten year period, 1966-1976,
actual carryover ranged from a low of 100,000 cwt. to a high
of 500,000 cwt. Over the same time period, production
ranged from 4,080,000 cwt. to 7,290,000 cwt.

How do we interpret the magnitude of the rule? The
rule is that result which maximizes over time the net area
under the demand function (net refers to after cost). This
area represents the return to society in general of pro-
ducing and consuming navy beans. Thus if production were
6,500,000 cwt., then optimal carryover would be about 473,000
cwt. This is not the optimum for producers alone, nor is it

the optimum for consumers alone. Such rules could be



101

estimated if the algorythm were rewritten with an objective
function to maximize producer or consumer return. Because
the rule maximizes net return to society, the actual carry-
over experienced may not correspond well with the suggested
optimum. The rule itself says little as to who should incur
the cost of storage. It is essential that it be understood
that this is a macro optimum. The rule probably says little
as to what an individual producer or shipper ought to do.
The rule is prescriptive only in that it provides a standard
with which to compare actual storage with a social optimum.
Another important consideration is that of "what
happens when the assumptions as to the conditions are modi-
fied?" Simply by observing Table 5-3 some of the effects on
the optimal rules become evident. The next sections explore

changes in the individual assumptions.

5.4 Sensitivity to Change in Assumptions

The final sections of this chapter are concerned with
the sensitivity of the optimal carryover rule with respect to
changes in: interest rate, marginal cost, elasticity and
variance of the distribution. Figures 5-1 through 5-4 each
display the effects of changing the assumptions about just
one of the conditions. The implications of the changes
follow.

5.4.1 Changing the Interest Rate

As observed in Figure 5-1, reducing the discount rate

(increasing interest rate) causes optimal carryover at any
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given level of production to be less (except carryover of
zero). For example, when changing from rule #5 to rule #6,
at the production level of 6,500,000. cwt., the optimal carry-
over goes from 473,000 cwt. to 364,000 cwt. Thus a change
from a discount rate based on a 15% interest rate to one
based on a 20% interest rate reduced optimal carryover at
6,500,000 cwt. by about 90,000 cwt. The optimal rule is
fairly sensitive to changes in the assumption about the in-
terest rate. It also appears that the magnitude of the in-
terest rate is inversely related to the magnitude of the

sensitivity to a change.

5.4.2 Changing the Marginal Cost

In the analysis, the marginal cost of storage was
allowed to vary from a low of 6% per yeaf to a high of 16%
per year. Figure 5-2 represents a situation where only the
assumption about marginal cost is allowed to vary. As ex-
pected, the optimal carryover at any given production level
is inversely related to the level of marginal cost. If pro-
duction were 6,500,000 cwt., then optimal carryover would
be reduced about 100,000 cwt. for each increase of three per-
centage points in the marginal cost. If marginal cost goes
from 9% to 12% (rule #5 to rule #8), then optimal carryover
declines from 473,000 cwt. to 379,000 cwt. Thus it is evi-
dent that the optimal rule is sensitive to the assumption

about marginal cost.
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5.4.3 Changing Demand Price Elasticity

The aggregate demand price elasticity was economet-
rically estimated to be -.508. It seemed useful to test the
optimal rule response to changes in the assumption. Optimal
rules were obtained for elasticities of -.40 and -.60. These
approximately represented the estimated elasticity +0.1.
The direction of the change in optimal level to a change in
elasticity is as expected (see Figure 5-3). As the elasti-
city becomes more negative (more elastic) the optimal carry-
over decreases. The magnitude of the change is quite dramat-
ic. Again consider the production level of 6,500,000 cwt.
At this level the optimal carryover for an elasticity of -.40
is 866,000 cwt. (rule #13) and the carryover drops to 473,000
cwt. for an elasticity of -.508 (rule #5) and further falls
to 217,000 cwt. when the elasticity is set at -.60 (rule #14).
Because of the magnitude of the sensitivity of the rule to
changes in assumptions about demand price elasticity, it is
important to carefully estimate the elasticity and update

that estimate regularly.

5.4.4 Changing the Variance of the Distribution

All the rules except two (#15, #16) were based on a
standard deviation for the (X+U) distribution of 1,340,000
cwt. A standard deviation of 1,090,000 cwt. was used for
derivation of rule #15. This standard deviation is indicative
of a situation where no demand uncertainty exists (variance

U=0). A standard deviation of 1,590,000 cwt. was used for
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rule #16. This allows for the inspection of the effect of

a greater than calculated variance for X+U. The standard de-
viation 1,590,000 cwt. was selected for symmetry, as
1,590,000 cwt. and 1,090,000 cwt. are equal to 1,340,000
cwt. plus 250,000 cwt. and minus 250,000 cwt. respectively.
As seen in Figure 5-4, the optimal carryover at any given
level of production increases as the variance (standard de-
viation) of the distribution increases. The change in opti-
mal level was actually small relative to the change in
standard deviation. A reduction of standard deviation by
19% (1,340,000 cwt. to 1,090,000 cwt.) in changing from

rule #5 to rule #15, resulted in a decrease of only 10%
(473,000 cwt. to 418,000 cwt.) for the optimal level of
carryover at the 6,500,000 cwt. production level. A similar
response was found in increasing the standard deviation. A
19% increase of the standard deviation caused a 10% increase
in the optimal carryover level. This result suggests that
carryover level is not greatly sensitive to moderate errors

in estimation of the variance of the distribution.

It is important to understand how changes in the
assumptions about the predetermined conditions affect the
optimal rule. In order to select the "best" set of assump-
tions, the particular situation must be considered for each
rule estimation. Timing is very important in setting the

conditions. One's decision as to the cost structure is
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important, as are the factors contributing to the estimation
of the social discount rate. It was demonstrated that great
care must be taken in estimation of the elasticity and that
periodic updating on all estimates is essential.

Optimal rules a s presented here are not meant to be
effective guidelines to either producers or shippers in
storage decision making. They are meant to be a basis by
which state and Federal government agencies as well as in-
dustry wide associations can interpret the carryover situa-
tion at any particular time. The rules can be used as an
effective guide to the free market's ability to handle un-
certainty with respect to society's welfare. Kept in proper
perspective, the carryover stdcks model and its results can

be useful to the navy bean industry.



CHAPTER 6

Summary and Future Research

6.1 Introduction

Over the last decade the navy bean industry has been
characterized by large price variation, poor information
flow, highly variable export markets, increasing geographic
concentration and limited development of new products. With
these attributes and their implications in mind, the objec-
tives of this study became threefold:

l. To estimate optimal carryover stock rules,

based on sets of specific assumptions, for navy
beans in the U.S.

2. To estimate U.S. supply and demand relation-
ships for navy beans. First to supply the
necessary input data to the stocks model and
secondly to establish a workable base for
econometric estimation with respect to navy
beans.

3. To collect and summarize time series price and
production data in order to facilitate the
econometric estimation and make available
such data for other information generation.

The fulfillment and completion of the objectives is outlined

in the following sections.

110
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6.2 Objective Fulfillment

6.2.1 Data Base

A revision and updating of the data base necessary
to drive econometric equations were completed. A series of
average annual prices, weighted by marketings, was estab-
lished for navy beans for the first time. Also, a series of
25 years of carryover inventory levels is unique to this
study. Twenty-five years (1951-1975) of time series data
are available (see Appendix B) for the following variables:
Weighted average price navy beans (8 months, 12 months),
acres planted, yield, total production, domestic disappear-

ance, exports, carryover, government take-over and others.

6.2.2 Demand and Supply Estimation

A set of econometric equations relative to the supply
and demand of navy beans for the United States was estimated.
The econometric model consisted of four equations and two
identities. The supply side was made up of an equation for
acres planted, one for yield and a production identity.
Acres planted were estimated as a function of lagged own
price, lagged price of corn, lagged acres planted and a con-
stant term. Yield was estimated as a quadratic function of
time. The short run price elasticity of a change in acres
planted with respect to a change in price was estimated at
0.15.

The demand side consisted of an equation for domes-

tic disappearance, another for export demand and a market
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clearing identify. Domestic disappearance was estimated as
a function of own price, U.S. disposable income, a binary
variable and a constant term. Export demand was estimated
as a function of own price, the population of the United
Kingdom and a constant term. The domestic price elasticity
of demand for navy beans is estimated to be -0.37 while the
export demand price elasticity estimate is -1.03.

These equations supplied the necessary input data
(probability distributions, demand slope and intercept) to
the carryover stocks model. Not only do the equations con-
tribute to the functioning of the model, but the results may
be employed in several other areas. Domestic, export and
aggregate demand price elasticities are available. Short
run and long run supply price elasticities can be computed.
The equations supply important information contributing to
probabilistic acreage, supply and price forecasting (see
Black and Love [1978]) as well as generally allowing for a
better understanding of the statistically important factors

of production and demand.

6.2.3 Revision and Rule Estimation

The fulfillment of objective one required two stages.
The first stage was completed by removing the causes of the
major criticism of prior applications of the Gustafson model
as being effective and realistic with respect to commodity
storage. Accomplishment of this stage took the following

form:



113

A. Adding export demand.

B. Incorporating stochastic demand.

C. Econometrically estimating production mean

and distribution.

D. Writing a base algorithm for use in high

speed computers.

The second stage involved the employment of the re-
vised model for optimal carryover rule estimation for navy
beans. Rules were generated for a set of reasonable assump-
tions about the conditions in the 1976-77 marketing season.
Several general conclusions could be reached. Society's
welfare could be enhanced by the use of carryover stocks to
reduce year to year fluctuations in production and demand.
It would appear that in years of relatively good production
generally insufficient crop is carried over, when compared
to the optimal rule. This has probably been true in most
good production years, with the exception of some of those
years when the U.S. government purchased stocks through the
non-recourse loans program.

The data presented in this study make a contribution
as market information. Such information can, with proper
discretion, facilitate the improvement of efficient market
functioning. Estimated levels of social optimal carryover
stock quantities ought to be indicative of those realized in
a well functioning free market. Producers, consumers and
government may then use this information in decision making

and policy analysis with respect to questions of production
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planning, timing of marketings, canned product production and
inventory control, pricing, income and price support, market
coordination and market power.

If government should again establish some type of
commodity storage program for navy beans, it would be impera-
tive to have a workable model to assist in setting rules for
acquiring and disbursing stocks. A model could be altered
to maximize a variety of objective functions. Whatever is
the goal, it is essential that a model, capable of calcula-
ting supply-storage relationships for a given objective
as close to reality as is economically feasible, be used
to reduce welfare losses due to over or under storage. The
application presented in this study has sufficiently em-
ployed the original abilities of the Gustafson model so as
to make it a relevant tool in a storage decision process.
High speed computer techniques have allowed for testing of
the model's sensitivity to changes in conditions and objec-
tive function as well as the ability to inexpensively update
the required input data.

Based on the sensitivity analysis, some notable ob-
servations could be made as to the magnitude of the changes
in the rules. The rules were sensitive to all the changes
in the assumptions about the conditions. They were parti-
cularly sensitive to changes in marginal cost and elasticity
of demand. These results point to the need for accurate and
up-to-date estimation of these two conditions to insure

proper optimal rule determination. More generally, the
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research involved in this study brought to light several
distinct areas where there is a need for future research.

The following section presents these areas.

6.3 Future Research

In order to do effective research in navy beans it
is important that a data base be available. The data accumu-
lated for this study are a start to alleviating the problem.
At least four other measures are necessary to facilitate
useful research. The first concerns crop reporting proce-
dures. These include planting intentions, production, ex-
port and price. The crops need to be divided into more use-
ful (generally less aggregative) reporting classes. All too
often navy beans are combined with all other dry beans as a
single entity. Also, dry beans are typically combined with
peas and lentils in various reporting publications. Crop
reporting services must take more care in being consistent
in reporting. This is especially evident where season's
average price is concerned. Ideally a price weighted by
marketings ought to be published. Unfortunately sometimes
the price is weighted and sometimes it is not.

An effective cost account study needs to be done to
better understand production and marketing practices. Al-
though dry beans are the fourth largest agricultural com-
modity produced in Michigan, very little production practice
or cost data are actually available for even rudimentary

econometric study. A cost account or similar type of study
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would supply the essential data to do effective budgeting,
econometric modeling, linear programming and marketing
strategy formation. Because of the geographic nature of

the industry the study need not be of monumental budget pro-
portions. Economies ought to be available if crop and
agronomic research, already on-going, was incorporated into
an interdepartmental program. Such a study should seem im-
perative if the state of Michigan is to look to the bean
industry in the future as a continued and stable source of
income.

Another data set necessary for efficient planning
and research is that of quantity stored in both raw and
processed form. Although several industry originated esti-
mates are usually available as to the quantity stored in
raw form, it is often difficult to discern their accuracy.
Even more important and practically non-existent are data
related to canners' inventories. It must be realized that
due to the small number of canners, the revelation of such
data by any one canner would not be practical. Such inform-
ation is important when doing econometric modeling or pro-
duction planning. Government agencies ought to be able to
accumulate such information in an aggregative form that
would be defined enough to be useful to producers and re-
searchers and broad enough not to cause harm to individual
canners.

Another important requirement of future economic re-

search is that it must effectively incorporate the Canadian
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navy bean industry along with that of the U.S. 1In order to
do realistic econometric and storage modeling and fore-
casting, it is becoming more and more important that U.S.
and Canadian production be viewed as close to a single en-
tity. This has become especially true since Canada's rapid
growth in production of the past decade. Because exports
play such an important role in price determination, the
effect of the increased export competition from the Canadians
is felt all along the marketing chain. Some obvious prob-
lems exist due to differences in the industry in the two
countries. These include market structure, export restric-
tions, length of data base and currency differences. De-
spite these obstacles, close investigation of the U.S. navy
bean industry points to the need for just such incorporation
in the future.

It seems obvious, at least to one familiar with the
navy bean industry, that the above improvements are necessary.
Not only would they be significant from the point of view
of the researcher, but very valuable tools, either not now
available or in an inefficient form, for use by producers
and processors in efficient planning. Use of these data
when available could supply sufficient information to signif-
icantly reduce the risk involved in the production and mar-
keting of navy beans. The data made available, if these
four measures were put into practice, might be a better un-
certainty reduction tool than any sort of aggregate carry-

over program and the results would be of benefit to all
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concerned.

Another area of specific research follows from the
results of this study. A study focusing on optimal carry-
over from a producer's point of view might be a significant
contribution. During data collection for this study, it was
expressed to this researcher by a party whose interests were
shipper oriented that "the optimal carryover is no carry-
over at all." Considering shippers basically are paid on a
constant margin, this statement is not unreasonable. The
problem exists when farmers are told this constantly. Is
there some advantage to producers from aggregate storage?
This is a question economists ought to be able to answer if
producers show an interest. Se&eral attributes of the navy
bean industry make collective producer storage a relevant
issue. One is an already estéblished producer organization
that presently acts collectively for some purposes. The
other attribute is a political environment in the state of
Michigan highly conducive to producer cooperative action.
Thus a study identifying the advantages or disadvantages of
aggregate carryover with respect to the individual produc-

er's return could be a useful service.
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This equation is the domestic disappearance equation
specified to include both population for the U.S. and per

capita disposable income.

DDNB = 7428.65 - 180.87 PNBALL + 3.39 PCDI - 60.69 POPUS

[t-stat] [1.28]  [2.54] [1.43] [0.98]
+ 1247.02 DUM
(1.81]
g% = .50 F-statistic = 7.1

This equation estimates combined Canadian and U.S.

exports of navy beans (CUXNB).

CUXNB = -17491.9 - 59.4 PNBALL + 365.7 POPUK
[t-stat] [6.25]  [1.53] [6.80]

R? = .64 F-statistic = 22.6
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The Computer Model
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PRINT 11,TEMP
PORMAT (28X n v el) =a0FBa3)

BASIC CALCULATING EQUATION (EQe 6 SECe 303)
EHP(I)=(ALPHA‘TEHP(I))/BETA ¢ C(I)
PRINT 12+TEMPC(I)
FORMAT(42X e * TEMP2=29F8462)
CONT INUE

INTERPOLATION TO GET TEMPORARY CARRYOVER FOR A SUPPLY
SNO=CC1)+((XC(1)=TEMP (1)) /(TEMP(2)=TEMP(1)))*»(C(2)=C(1))

DD 17 I=1.N1

IF (ICHECK «GE «N1)GO TO 1002
IF(SLCIsUdeGTeTEMPC(ICHECK®1))60 TO 16
SNCTsU92)=CCICHECK)+ (COICHECK+1) =CC ICHECK) ) #
(CSL(Igd)=TEMP(ICHECK) )/ (TEMP(ICHECK+1)=TEMP( ICHECK)))
IECSNCI3Jo2) oLT2000) SNCTsis 202000
ICHECK=ICHECK+1
€ 70 1
CONT INU
PRINT 19+SNO
FORMAT(/ 420X ¢ F12 03)
00 21 J=13N2
00 21 I=1sN1
PRINT 20 ySL ¢ T9d) oSNCIods2)
FORMAT (10X o F 102 sF12 o3)
CONT INUE .
160=0
00 18 I=1sN1
00 18 J=1eN2
MAXe CHANGE IN RULE FROM ONE ITERATION TO THE NEXT

DIFZSN(Isusl)=SHCIsue2)
SNCToJds13=8NCTeds2)

STOPPING6 CRITERION

IF)-GT.0.900) 160=1
60 TO 7

P

NE«O

i

;9ITERATIONS EXCEEDS UPPER LIMITe)

003

é' BOUNDS FOR SL ARRAY NOT FOUND IN TEMP2v)

gﬂ‘ﬂ'ﬂﬁ"ﬂ?QHH
0OBOOXOTMM
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Input Data

BEAN SIMULATOR

«80
10.00

-

CARRYOVER VECTOR

26039
154044

72.78
140,83

$9.17
127 .22

45.56
113.61

wnowun
[ =T-1
L
O
[ -1""1

e

PROODUCTION VECTOR

oot

oNne
oo

PROBABILITY VECTOR

1.2

SLOPE=
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Input Data

BEAN SIMULATOR

80
10.00

50
Se00

CARRYOVER VECTOR

PROODUCTION VECTOR

[0

oo
CICN

PROBABILITY VECTOR

1.2

SLOPE=
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Year.

l.

Michigan Crop Reporting Service.

Acres planted to navy beans U.S.

2.

By calculation.

Yield on acres planted to navy beans.

3.

.

ESCS of the USDA.

Crop_Production,

Quantity navy beans produced.

4.

Ontario Bean Producers

Canadian production of navy beans.

5.

Marketing Board.
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Year.

1.

Domestic disappearance of navy beans.

2.

By calculation.

Exports of navy beans.

3.

Association.

Michigan Bean Shippers
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Carryover out of the year.

5.

By subjective calculation.
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Year.

l.

Michigan Crop Reporting Serv.

Weightings:

Michigan Elevator Exchange.

Twelve month weighted average price for navy beans.
Price

2.

Michigan Elevator

Price:

Michigan Crop Reporting Service.

Weightings:

Eight month weighted average price for navy beans.
Exchange.

3.

Seven month weighted average price corn in Michigan.

Michigan

Price:

Michigan Crop Reporting Service.

Weightings:

Elevator Exchange.

4.

Weightings: Michigan Crop Reporting

Michigan Elevator Exchange.

Eight month weighted average price all colored beans Michigan.
Price:

5.

Service.
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FAO.
United Kingdom.

ort of the President.
income,

P
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Yearbook, FAO.

Report of the President.
Yearbook,

Re

Economic
Production

Economic

Population of the United Kingdom.
Production

Per capita disposable income, U.S.

Population of U.S.
Per capita national

Year.

1.
2.
3.
4.
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Year.

1.

Government support prices for navy beans.

2.

ESCS of the USDA.

Government takeover of navy beans (loan default).

3.

ESCS of the USDA.

Ontario Bean Producers' Marketing Board.

Canadian exports of navy beans.
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