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CHAPTER T
INTRODUCTION

Nitrogen is an essential element for all life on this earth.
Without nitrogen the biological life chain is impaired. Plants are not
able to synthesize protein for human and animal survival and the decay
of waste material is slowed.

‘We .come in contact with various forms of nitrogen everyday. It is
in the atmosphere water and soil. Since the beginning of mankind,
nitrogen has pervaded every part of the earth. But only in the past
few decades has man been able to commercially isolate nitrogen and
utilize it to improve the well-being of mankind through increased food
and fiber production.

‘Today, with the.public's:growing concern for a cleaner environment,
the use of commerical nitrogen fertilizer is under close scrutiny.
Agriculture has taken the brunt of the nitrogen fertilizer controversy
because of its increased utilization for crop production.

The increased use of nitrogen fertilizer has been a recent phenom-
enon in the United States. Domestic U.S. consumption of nitrogen
fertilizer in 1950-54 was 1,621,003 tons; 1971 utilization was 8,016,007
tons, an increase of 395 percent in 23 years [L44]. Prior to 1950 most
of the Texas high plains area and a large portion of Oklahoma applied
very little commercial nitrogen fertilizer. Selected counties in

Oklahoma, Kansas and Texas utilized 2,142 tons in 1950 and 116,156 tons



in 1972. The impact of this increased nitrogen fertilizer use has been
great in the U.S.'s agricultural sector.

The use of nitrogen fertilizer by the American farmer has enabled
him to maintain-yields :and even increase yields on both land cropped
for many years -and on new. land ‘brought into production. The result of
this improved production is indicated in the consumer's ability to have
food and fiber products of higher quality and at relatively inexpensive
prices.

Industries which: supply agriculture with nitrogen fertilizer were
faced with a highly competitive industry, at least until 1972. Nitrogen
prices in the 1950"s were about 20 cents per pound of nitrogen. In 1972
nitrogen prices dropped to between five and eight cents per pound. Con-
sequently, many nitrogen producing companies sold their facilities or
went into receivership. Only the stronger, highly capitalized companies
remained.

Beginning in 1972 with the devaluation of the American dollar and
the sudden increase in world demand for food and feed grains, nitrogen
fertilizer demand increased in both foreign and domestic markets. The
ability to produce nitrogen soon reached capacity and the domestic
supply of nitrogen became restricted. Increasing foreign demands for
nitrogen further restricted domestic supplies. Consequently, prices
have increased to as high as 30 cents per pound of nitrogen. With
prices at this level new producing plants and increased plant capacities

are again coming to the nitrogen fertilizer industry.l

lRecent newspaper articles indicated four new nitrogen plants with
a combined total production of one million tons per year are being built
in Kansas, Oklahoma and Texas area. They are to be operational by 1975.



The impact of nitrogen fertilizer is:not - iseclated in.the farming
sector of our economy. Indirectly through farm yield changes, nitrogen
fertilizer use impacts on ruraliareas:by changes in:income. and employ-
ment levels. These rural communities have oriented their level of
business around the nitrogen induced increases in agricultural pro-
ductivity. It is quite possible :that many of the services provided by
these communities. would be curtailed if nitrogen induced productivity
ﬂis diminished throﬁgh laws restricting nitrogen fertilizer use.

There are.problems:- related to the increasing use of nitrogen
fertilizer in agriculture. Nitrogen may leave agricultural lands
through rain or:dirrigation induced runoff -and leaching through the soil
profile. Thismmovement:may eventually reach our surface and ground
water supplies causing the quality of our water to diminish.

Inzour water environment nitrogen is necessary for algae growth,
which is a food souree for-aquatic life and eventually benefits man.
However, too much nitrogen in our surface waters creates an imbalance
in plant and animal 1life. TEutrophication, as this imbalance is called,
is an excess of nitrogen in the water which leads to excess algae
blooms, oxygen deficiency and the potential death of aquatic life.

Excessive nitrogen concentrations.in water supplies used for human
consumption: onoccasion have led to methomoglobinemia in infants. Many
well waters containing owver 500.ppm nitrate have never been linked to
actual "blue=baby'" cases, but most cases in the U.S. and Europe have
been associated with waters consistently registering concentrations
of more than 50 ppm nitrate [1, p. 6]. Most of these cases have been
associated with wells which draw from shallow water sources near ba;%;:;:>

yards or waste-disposal sites. Excessive nitrates have also been known



to cause diarrhea when one liter of water containing 500 ppm nitrate
was consumed [1, p. 8].

Water quality standards set forth by the U.S. Public Health Service
(1962) and Federal Water Pollution Control Administration (1968) re-
commend permissible surface water concentrations of nitrogen at 10 parts
per million parts water. No standards for well water were reported by
these agencies. These standards are difficult to apply and with present
monitoring devices difficult to detect [1, p. 631].

Despite the definite benefits associated with nitrogen fertilizer

se, the possibility of irrevocable damage to both our physical environ-
ment and to human beings still exists. If the agricultural sector is
to maintain public confidence in its production practices the possibil-

ity of nitrogen pollution from agricultural lands must be considered.

Problem Statement

General Statement

Developments of the past decade clearly indicate the need to
understand the relationship of commercial nitrogen fertilizer pollution
and its impact on our way of life. Even before the publishing of
Rachel Carson's book, "The Silent Spring" in 1962, scientists, conser-
vationists and others were aware of the hazardous possibilities of
"fooling around with Mother Nature." Unfortunately many of us did not
realize the long lasting effects and/or the interaction of agricultural
inputs and the environment. We still are not completely aware of the
built-in tolerance levels of our environment; we just say nitrogen use

Jcan be a serious problem to the environment with no real evidence as to

the beneficial and adverse effects of its use.



Commercial nitrogen fertilizer use does provide benefits for
mankind. In a purely economic sense applications of nitrogen to crops
has increased agricultural productivity, farmer incomes and has been
an important aid in stabilizing productivity and income for farm and
rural populations. Consumers have benefited from this increased pro-
ductivity through better and cheaper food, feed and fiber crops.
Although seldom recognized, the increased use of nitrogen fertilizer

as improved wildlife habitat, by providing better wildlife feeding
grounds. Increased productivity per acre from nitrogen fertilizer has
kept the more marginal lands out of agriculture and in native type
wildlife areas.

This impact of nitrogen fertilizer use is not localized within the
farming sector of the agricultural community but it interacts with the
supporting and supported segments of our rural communities. Increased
agricultural productivity along with better and more stable farm income
have maintained an income stream to local area businesses and service
industries. Input industries supplying farmers with operating and
capital goods have steadily increased their sales and profits, which
is again directly related to increases in productivity and nitrogen
fertilizer.

The continued use of nitrogen fertilizer is loaded with "trade-
offs."2 Agriculture needs nitrogen fertilizer to improve productivity,
farm incomes and to maintain relatively inexpensive and high quality

foods for consumers. However, there are externalities created from

nitrogen use in agriculture.

2A "trade-off" is defined here as what one must give up to obtain

something else.



Specific Statement

This study attempts to analyze the nitrogen fertilizer-environ-

mental quality issue. Emphasis is placed upon weighing the "trade-offs"

Spociated with the benefits frqm applications of nitrogen fertilizer
and the externalities created by such applications upon water and
terrestrial environmental quality. -

Since the late 1950's the application rate and total pounds applied
in the Oklahoma-Texas area of the U.S. have increased substantially.
This trend seems likely to increase in the future as more irrigated
acres are brought into production and the beef feedlot industry grows.
However, as the amounts of nitrogen fertilizer applied per acre in-
creases the potential for nitrogen pollution problems also increases.

At present, most scientists agree that we are not facing a serious
nitrogen pollution problem. However, as the demand for food and feed
grains (corn, wheat, and grain sorghum are the most important of these
in the study region) increase in the future we must consider the
possibility of increased nitrogen run-off and its potential impact on

our economy, physical environment and social well-being.

CM-W [t o~ i ,

Objectives

The overall objective of this study is to determine the "trade-
offs" associated with nitrogen fertilizer useage and its impact on the
area's economy, physical environment and the social well-being of its
people. Specifically, the objectives are:

(1) To develop information on a nitrogen responsive land base

comprised of loam, clay and sand soils, which are indicative

of crop production patterns in the area of study.



(2) To develop a model which utilizes the nitrogen responsive
land base to project land use and the resulting crop produc-
tion for loam, clay and sand type soils, by crops, for the
years 1975, 1980, 1985 and 1990;

(3) To estimate the amount of potential nitrogen pollution which
might occur in the production of the crops grown in
Objective 2; and

(4) To evaluate the effects of selected nitrogen fertilizer
strategies over time on the area's economy, physical environ-
ment and social well-being.

A model of the 1972 wheat, grain sorghum and corn production was
selected to provide a more normal pattern of nitrogen fertilization
rates and crop land utilization, than the situation that has developed
in the last two years. Projections of the impact. of selected nitrogen
fertilizer strategies on the economy, physical environment and the
social well-being of the area's people to 1990 are made from the 1972
base model. '"Trade-offs" between nitrogen fertilizer use and its ex-
ternalities are evaluated and ranked according to their advantageous
and detrimental impact on the economy, physical environment and social

well-being.
Description of the Study Area

The selection of the study region was based on three basic
criteria; each lends itself to a total analysis of the impact of

nitrogen fertilizer in agriculture. First, the area must utilize a

- significant proportion of nitrogen fertilizer in its cropping activi-

ties. Second, it must include a city or cities of sufficient size to



provide the necessary marketing and input functions to maintain a
viable relationship with the agricultural sector. Third, the area must
lie within a watershed basin of sufficient size to lend credulence to
the problem of nitrogen fertilizer runoff and potential pollution.

The geographic area selected consists of 30 Oklahoma, 12 Texas
the three Kansas Counties (Figure 1). The area's boundaries are de-
fined by the 1972 OBERS féport;3 "This report was prepared to provide
basic economic information by public:agencieS'engaged in comprehensive
planning for the use, management ‘and development of the nation's water
and land related resources [75, p. 3]. The report presents projections
for water resource areas, subareas, states and functional economic
areas (FEA's). The study region defined by the OBERS report include
the following sub-watersheds of the Arkansas River Basin: the Lower
Canadian, sub-watershed '1105; the Arkansas-=Keystone, sub-watershed
1106; the Canadian River in Téxas, sub=watershed 1109; and the Lower
Canadian River, sub-=watershed 1110.

The study region is located within a large food and feed grain
production sector of the United States. The predominant feed grains
are grain sorghum and corn; wheat is the major food grain produced in
this area.  Wheat has been the leading cash crop in the area for many
years. Grain sorghum and corn acreage increases were initiated with
the advent of irrigation and a growing feedlot industry in the Texas
and Oklahoma Panhandle:

In 1972, in the study region, wheat was produced on 3,810,436

3OBERS is an acronyn for the Office of Business Economics, U.S.
Department of Commerce and the Economic Research Service, U.S.
Department of Agriculture.
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acres with 454,299 of these acres being irrigated; corn was produced on
180,301 acres, all irrigated; and grain sorghum was produced on
1,018,012 acres with 5765&00 acres of this amount under irrigation.
These three crops added 288,870,920 dollars to the area's income base:
wheat 154,070,360, grain sorghum 88,753,560 and corn 46,047,000 in

1972 [Le].

The soil resource found in the study region is extremely varied,
ranging from heavy textured clays te loamy fine sands. The area encom-
passes eight land resource areas, 19 soil associations and consists of
approximately 21 million acres of cultivated, pastured and forested
lands.

The climate of the study area is quite diverse. The mean annual
precipitation ranges from 15" inches per year at the western border of
the Oklahoma and Texas Panhandle to 40 inches per year in the most
eastern areaé (Figure 2). Mean annual summer temperatures run from
67° to 92° F in the-east: Winter temperatures vary from 24° to 50°
F in the west .to 22° to 42° F in the east. Summer temperature extremes
may go over 100° F and winter temperatures may dip below 0° F.

The humidity factor also varies widely. Noon humidity in the
western section of the study area averages between 47 percent in Jan-
uary and 43 percent in July. The eastern boundary humidity averages
for these time periods is 63 and 50 percent. Wind speeds across the
area average between 11-and 13 miles per hour giving rise to high rates
of evapotranspiration especially in the High Plains Area of Texas and
Oklahoma. The evapotranspiration rate falls moving from west to

east [72].



Figure 2.

Mean Annual Precipitation in Inches in the
Study Region
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Orgahization of Thesis

The remainder of this dissertation is organized as follows:
Chapter II discusses the current state of the literature and economic
theory considerations. The'first‘section discusses and described the
applied economic studies which attempt to analyze economic and environ-
mental "trade-offs." The second section discusses relevant previous
agronomic and environmental research on nitrogen fertilizer as its use
relates to both agricultural production and environmental quality
issues.

Chapter III describes the methodology and assumptions employed in
developing the soil classification base, in specifying the structural
parameters of the linear programming model; and in development of the
environmental impact matrix.

Chapter IV presents the linear brogramming'results'of’the baseline
strategy. Chapter V presents and analyzes the results of the alterna--
tive nitrogen fertilizer strategies and compares these to the baseline
strategy. Chapter VI develops the environmental impact matrix for the
nitrogen fertilizer strategies. 'Summary, conclusions and recommenda-

tions for future research are presented in Chapter VII.



CHAPTER II
ECONOMIC AND ENVIRONMENTAL ASPECTS OF NITROGEN

FERTILIZER USE AND POTENTIAL POLLUTION
Agronomic Fertilizer Considerations

The amount of nitrogen present in our soils today is a function
of a multitudinous number of biological and chemical reactions which
have been affected by man's growing of food and fiber crops. It has
been estimated that 2,000 pounds of natural nitrogen per acre were
present in the top six inches of the soil profile in native unculti-
vated grasslands. But the continued cultivation of crops on these
lands has decreased the amount of nitrogen present in the soil profile.

Even without the influence of crops, the amount of nitrogen
available in a given soil profile is not static. Rather, the forces
of "Mother Nature" continually generate & dynamic environment for
nitrogen in the soil. The amount of nitrogen in the soil is a function
of: (l)'population of miecrobial organisms, (2) acidity of the soil,
(3) presence of oxygen in the soil, (4) temperature, (5) moisture,

(6) present cropping patterns, (T) past cropping patterns, and

(8) application rate of commercial nitrogen fertilizer. Each of these
factors plays a vital role in the determination of the amount of
nitrogen present in the soil.

Agricultural uses have affected the amount of nitrogen present in

the soil. The "dust bowl" made farmers aware of the hazards of erosion

13
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and loss of soil fertility. Large scale reversion of eroded lands back
to pasture and range activities occurred. Implementation of contour
farming and terracing helped reduce the erosion of better cropping
lands. These cropping patterns have not significantly changed in recent
years. The biggest change in commercial agriculture in the last 20
years was the introduction of commercial nitrogen fertilizer in the

mid 1950's. Until this time few farmers in the study area utilized
commercial nitrogen fertilizer; phosphorus in the form of rock phosphate
and super-phosphate were the main soil improving materials utilized

up to that time.

The dynamic impact of nitrogen fertilizer on crop yields is
readily apparent. Production capacities of our land have increased
trememdously. Increased use of nitrogen came as the price of commercial
nitrogen fell from over 20 cents a pound in the 1950's to five cents a
pound in the early 1970's.

Recently, the energy crisis and increased foreign demand have
pushed the price of commercial nitrogen above 20 cents a pound. For-
eign demand for nitrogen fertilizer coupled with increased United
States acreages in production since 1972 have created a short-run
shortage. USDA indicates-this shortage is likely to continue until
1975-T6. The long-run outlook is brighter. Higher prices paid for
nitrogen fertilizer have gstimulated production facilities and expected
production of nitrogen fertilizer is estimated to more than meet

United States demand within three to five years.
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Physical Relationship of Nitrogen

Fertilizer and Soil Retention

Plants absorb most of their nitrogen in NHM (ammonium) and I\IO3
(nitrate) forms. The amounts of these in forms of nitrogen available
to plants depends upon what happens to the commercial nitrogen ferti-
lizer after it is applied and the amount of organically bound soil
nitrogen present at the time of application.

Where does this nitrogen go? There are four alternative fates.
First, some of the nitrogen is needed to aid the soil microorganisms
to further decompose organic carbon residues, or become biologically
unavailable, especially in clay type soils.

The nitrate form of nitrogen is a highly mobile form capable of.
movement within the soil profile. Under certain conditions it is
this nitrate form of nitrogen which is potentially harmful. In dry
weather the nitrate nitrogen can move into the upper horizons of the
soil profile and even to the soil surface [65, p. 143]. It is at this
time that the potential of runoff of the nitrate nitrogen is highly
possible.

Another fate of nitrogen is its loss into the atmosphere in a
gaseous form through volatilization of ammonia gas. Volatilization
occurs quite frequently with the application of anhydrous ammonia and
ammonia solution forms of nitrogen fertilizers. The amount lost
through volatilization depends largely:on: the PH of the soil. The
more alkaline the soil the greater the volatilization of ammonia gas.
In certain instances, volatilization has played a significant role in

nitrogen loss from soils [65, p. 1L48].
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The most important fate of nitrogen in the soil is explained by
plant uptake. The American Potash Institute reports that a 12,000
pound grain sorghum crop will consume 185 pounds of actual nitrogen
per acre in a 95 day growing season [8].

Similarly, 180 bushels of corn produced on an acre of land will
utilize 240 pounds of nitrogen in its growing cycle. Wheat yields of
86 bushels per acre will utilize 186 pounds of nitrogen fertilizer
[45, p.3]. This "tieing-up" or use of nitrogen fertilizer does not
all occur immediately after application, but throughout the crop's
growing season. The Potash Institute indicates for 180 bushels of
corn the uptake occurs at the rate of 19 pounds from planting to first
25 days; 84 pounds during the primary growth stage, 26-50 days; 75
pounds during the silk stage, 51-75 days; 48 pounds during the grain
producing stage, T6=100 days; and 14 pounds for the kernel maturing
stage, 101-125 days [45, p. 6].

The application of nitrogen fertilizer does not necessarily occur
at one period in time. This is an economic consideration as well as an
agronomic function. Applications of nitrogen fertilizers as well as
application rates are timed to critical periods of plant growth. The
farmer must consider if it is profitable to fertilize his crop given the

condition the crop is in at these critical growth stages.l
Theoretical Framework

Increased fertilizer use in United States agriculture has resulted

lCondition of crop implies the crop's potential to produce grain
or forage based on prior rainfalls, insect damage, frosts, and other
climatic and agronomic conditions.
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in one of society's critical "externality" issues. An externality can
be defined as any condition resulting in a difference between marginal
private benefits and costs and marginal social benefits and costs.
When marginal private effects and marginal social effects are not the
same, externalities occur in the form of external benefits and/or
external costs.

The externality concept is one of the most elusive concepts con-
fronting economists because it is difficult to determine the true
effect of a particular course of action. For example, if a farmer
applies nitrogen fertilizer to his crop and rainfall conditions occur
which flush part of this nitrogen into a nearby surface water source,
then the water source is enriched in its nitrogen concentration. The
ultimate destination and distribution of this enriched water source
provides either external benefit or costs downstream. The nitrogen
may actually improve the aquatic habitat by providing a food source
for its plant life. "In this case a benefit is derived. On the other
hand, the water source may not be lacking in nitrogen in-which case
additions to its supply may generate so much plant growth that the
water's oxygen demand is impaired. Fish kills may occur and unpleasant
odors may arise from increased algae blooms. 'This would be considered
an external cost. Hence, actions taken by one party may create a
beneficial or harmful effect to another party.

Economic theory provides a framework for the analysis of external-
ities in the marginal social benefits and costs concept. Within this
concept compensation to third parties for costs incurred beyond their
control may be demonstrated. However, the empirical ability of this

framework is exceptionally difficult to handle.
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Recently, the empirical and theoretical framework for the deter-
mination of externalities has been given more attention. Most of the
recent literature deals with the effects of pesticides; the concepts
developed are readily applicable to the nitrogen question. Headley
and Lewis have taken the "somewhat unrefined concepts of 'old' welfare

economics,"

and adapted them to the pesticide problem in an attempt
to estimate the social benefits accruing from pesticide uses [20,
p. 43]. They utilize a model similar to Figure 3.

The social benefits occuring are measured through the algebraic
summation of the supply and demand curves. Consequently, changes in-
consumer total utility or satisfaction (su.pplyl to supplyg) are measured
by the change in the area under the demand and supply curves [20,

p. 45]. As a result of an innovation in pesticides use which produces

a cost savings, the supply function shifts to the right producing

more of a given crop. The price of the crop falls to OP2 and total con-
sumer utility increases by the additional area between the supply
functions and the demand curve.

This approach was used by Edwards in a 1972 study of several
crops in Dade County, Florida [13, pp. 20-63]. In essence, Edwards
estimated demand and supply equations and their respective price
elasticities for various crops under differing policy adaptations to-
ward pesticide useage. 'The supply shifts, or alternative policies,
were subjectively chosen based upon“the‘techniqal substitution rate
between the chlorinated hydrocarbons and organic phosphates. Cost

changes associated with the alternative policies were utilized to re-

flect, in a parallel manner, shifts in the original supply function.
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Estimatioﬁ“of'éxternalities associated with the organic phosphate
pesticides were developed by assuming a functiondal relationship between
dollars of "externalities and the quantity of pesticides used. Dollars
of externalities were-developed from payments made to third parties
from court suits instituted and ajudicated in Dade County during 1966-
67. These estimates were utilized as constraints in the model.

This theoretical framework developed by Headley and Lewis and
implimented by Edwards clearly show the problems associated with the
attempt to estimate externalities. Our state of knowledge about social
benefits and costs is exceedingly naive. Scientists are aware of the
externalities arising from agriculture's cropping practices. However
the magnitude of these -externalities--both benefits and costs--is
exceptionally difficult to obtain.

One approach-to the analysis of the aggregate consequences of
restricted chlorinated hydrocarbon insecticides is the partial budget-
ing approsch employed by the USDA [9, pp. 1-48]. Estimates of the
total expenditures for chlorinated hydrocarbon insecticides are com-
puted for a given year. The cost of substituting non-persistent
pesticides -at an application level which would insure the same
effective control is estimated. The higher cost of non-persistent
pesticideé'at an application level which would insure the same
effective control is estimated. The higher cost of non-persistent
pesticides and an increased number of gpplication rates per acre
increases the total cost of producing the agricultural crop. The
difference in aggregate expenditures for persistent and non-persistent
pesticides 1s the cost society must pay for the restriction of

persistent pesticides.
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A 1970 study by Texas A & M utilized a comparable analysis and
projected the change in consumer expenditures resulting from a complete
curtailment of nitrogen fertilizer and persistent pesticides
[32, pp. 1-52].

Estimates of yileld reductions were made for various crops; pro-
jections of production levels based on these yield declines indicated
there would be severe declines in food supplies. These declines in
food output were translated to commodity prices through the use of
direct price elasticities. This approach estimates the impact on
total consumer expenditures and has implications concerning the increase
in the percent of disposable income spent on food products.

The methodologies discussed indicate ways of estimating direct
consumer costs from restricting pesticides. However, this is only
part of the total impact of restrictive actions. These approaches do
not consider the impact of such restrictions on employment, land use
patterns, and agricultural related industries. The techniques lack a
methodology of indicating potential hazards to our physical environ-
ment; water and wildlife, and the aesthetical values mankind places
on our habitat. The analyses estimate the economic cost side of the
pollution problem but neglect the costs associated with the physical
environment and aesthetic wvalues.

Even more evident in these approaches is a lack of social benefit
éstimation. Benefits do accrue. The increased use of nitrogen ferti-
lizer has allowed idled land to remain out of cultivation as our food
demands increase, providing increased wildlife habitat.

Another methodological approach for evaluating the effects of

alternative agricultural practices and the resulting externalities is
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the environmental impact matrix. The matrix allows the ranking of
strategies on the bases of the resulting economic impact, physical
environmental impact, and social well-being impact.

Richardson utilized an envirommental impact matrix in evaluating
alternative pest management strategies on selected Oklahoma crops
[50, pp. 19-36]. 1In effect, Richardson attempted to develop a social
welfare function which would evaluate the substitution impact between
organic phosphate and chlorinated hydrocarbon pesticides. An area
impact was deterﬁined for economic, environmental and social well-
being conditions. ZEach of these main categories were weighted
equally. Specific sub-categories within these categories were assigned
weights by a panel of economists, agronomists, wildlife and fisheries
experts and entomologists. The reason for the group weighting process
was to eliminate individual biases and provide a "social viewpoint"
to the pesticide question.

The use of the environmental impact matrix can broaden the current
analysis of externalities and the "trade-offs'" associated with abate-
ment and/or containment. Economic techniques, such as linear pro-
gramming are helpful in estimating aggregate impacts from various
strategies on farm income and employment levels. Estimates of land
use adjustment patterns are obtainable. Regional income and employ-
ment changes associated with abatement practices and "no-control"
policies are estimable. Income and employment multipliers have been
used frequently to determine the direct and indirect effects of various
economic policy strategies. "Their adaptation to environmental re-
search provides greater framework of analysis. "All of these factors

lead to a more complete analysis of total benefits and costs in



23

analyzing environmental issues.

Environmental data, although difficult to obtain, can be utilized
to a greater extent through the envirommental impact matrix. Quality
adjustments, i.e., those which influence the environment but are not
readily measurable, are given weight in the impact statement. Social
well—beihg variables, Which the consumer-producer surplus analysis
fails to recognize, are at least qualitatively discernable. The matrix
is not by any means a panacea for developing environmental policy. It
does allow a broader analysis of the many and diverse variables in
externality research.

The environmental impact matrix approach is subjective. It, like
Headley and Lewis' model, lacks absolute quantitative rigor. However,
unlike Edward's effort, the environmental impact matrix provides a more
complete classification of potential impacts in greater detail and
gives more consideration to the social viewpoint. This later point is
important. As Edwards mentions the external benefits are almost im-
possible to define and consequently are not estimable [13, p. 83].

The environmental impact matrix provides at least a subjective analysis
of these external benefits.

An adaptation of Headley and Lewis' theoretical framework is to
view nitrogen pollution and expected yield per acre in a product-
product model (Figure k4).

The vertical axis represents potential nitrogen pollution in
parts per million in water from each acre. The horizontal axis indi-
cates expected yield from a given amount of nitrogen fertilizer applied
on a per acre basis. Visualizing the analysis as occurring over a

growing season of fixed duration, point A represents the maximum amount
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of potential pollution.2 The potential declines toward the origin.
Point B indicates the expected yield goal wanted by the farmer from
nitrogen fertilization; the goal is determined before fertilization
and the farmer applies nitrogen fertilizer to meet that goal. If the
nitrogen applied is completely available throughout the entire growing
season point B can be achieved. Losses of nitrogen may occur through
runoff in heavy rainstorms, restricting the expected yield below the
maximum achievable goal of point B. Thus, it is possible to develop
a production possibilities frontier assoéiated with the production of
nitrogen pollution and yield levels from a given per acre application
of nitrogen fertilizer.

It is concelvable to have situations such as points C and D.
Point C assumes a potential pollution possibility of OPO, indicating
some nitrogen will be lost due to surface runoff in an intensive rain-
fall. This reduces expected yield per acre to point'OYO. Point D
indicates a small pollution potential occuring (OPi)’and a resulting
yield of OYl; indicating only a -small amount of nitrogen was lost and
that essentially the maximum yield level at Point B was achieved.

If we visualize various levels of nitrogen fertilization per acre
we can develop a family of these production possibilities functions
and consequently conceptualize the magnitude of production and potential

nitrogen pollution adjustments. This process is not unlike Headley

2Pollution is considered potentially possible since rainfall
must occur at a sufficient level and intensity to allow any runoff
at all. If the amount of nitrogen applied is equal to the amount re-
quired by the crop to produce a given yield level, then unless an
intense rain occurs, the nitrogen pollution potential is in-
significant.
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and Lewis' shifts in supply resulting from changes in input employed
and their costs of production [20, pp. 43-45]. Assume the production of
a given crop is in stage II of the production function with marginal
physical product greater than zero. It is possible to relate a change
in the production function's input mix through its related cost curves
and show this impact on the supply function of this crop (Figure 5).

Assume"MCO is-the marginal cost of producing & given crop. The
equilibrium conditions are where MC = MR, which in this case is the
price. Thus, the farmer strives to produce OQO and sells at price OP
now let the input increase in price to the producer. The result is a
shift toward the origin by the marginal cost curve. The new marginal
cost is MC,. The producer, receiving the same price (OP) for the crop
(0P), will cut back production to OQl.

Since the marginal cost curve above the average variable cost
curve is considered the supply function, i.e., the amount of product a
producer is willing to produce at given price levels, the effect of
an input price increase is-a reduction on the supply of the crop. The
resulting effect is exactly what Headley and Lewis indicate with their
decrease in supply due to increased costs of production associated
with more expensive methods of pest control to produce a given input
level [20, p: 44]. The consumer is then affected through his constant
demand curve for the crop. Decreased supply increases price levels
and reduces the amount of consumer surplus.

Another way to conceptualize Headley and Lewis' consumer-producer
impact is to hypothesize a consumer tolerance demand curve for

potential nitrogen pollution. This curve indicates or depicts the

i t
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consumer attitude toward envirommental quality and aggregate regional
output (Figure 6). Equal increments of increase in aggregate output
result in the change in larger and larger declines in environmental
quality; i.e., the consumer's requirement (preference) for environ-
mental quality grows at an increasing rate as output increases at a

constant rate. Mathematically the relationship is:

MESpa a0 = B9 . AEQ, AEQ§ where
ARO, © BAO, 8KO
80, = A0, . . . AO.

This implies that the marginal rate of substitution of environ-
mental quality for aggregate output is increasing.

The tolerance demand curve suggests that the consumer is willing
to accept some level of envirommental degradation to obtain increased
aggregate output. Another way of analyzing the interrelationship is
that the amount of degradation (reduction in environmental quality)

changes at an increasing rate as output increases.

Legislation Affecting Water Quality and Implica-

tions for Nitrogen Fertilizer Use

The use of commercial nitrogen fertilizer has increased the pro-
ductivity of agricultural lands. This increased use of fertilizer has
also caused much concern as to the impact of nitrogen runoff from
agricultural lands and the quality of our surface streams and wildlife
populations.

The Federal Water Quality Act of 1965 provided the initial legis-
lation concerning maintenance and the improvement of United States

interstate water quality. It provided water quality standards which
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must be incorporated in planning govermment projects. Prior to this
time the United States Public Health Service in 1962 recommended a
1limit of 45 ppm nitrate or 10 ppm nitrogen [1, p. 63]. Subsequent
Federal laws improved the ability of planners to prevent the adverse
effects of changes in water conditions upon the total environment.

The Estuary Protection Act of 1968 outlined policies of reasonable
balance between the need to develop estuarine areas, further national
development and growth, and the conservation of natural resources and
the nation's natural beauty. The National Environmental Policy Act
(NEPA) of 1969 and the Environmental Quality Improvement Act of 1970
authorized Federal agencies to become involved in the decision making
processes and provided input into environmental legislation. The
latter act emphasizes the responsibilities of state and local
governments in the implementation of Federal policies. NEPA required
each government project to file an envirommental impact statement
listing potential environmental problems.

NEPA provided the first legal impetus to project analysis. The
Flood Control Act of 1970 extended this authorization in requiring
that possible adverse economic, social-and envirommental effects be
fully considered in-developing government projects. 'Final decisions
will be made with consideration for flood control, navigation and
associated purposes, and the cost of eliminating or minimizing such
adverse effects and the following:

(1) air, noise, and water pollution; -

(2) destruction or disruption of man-made or natural resources

esthetic values, community cohesion and the availability of

public facilities and services;



(3)
(4)

(5)
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adverse employment effects and tax and property value losses;
injurious displacement of people, businesses, and farms; and

disruption of desirable community and regional growth.

The Federal Water Pollution Control Act Amendments of 1972,

established the following goals:

(1)
(2)

(5)

the discharge of pollutants in toxic amounts be prohibited;
federal financial assistance be provided to construct
public owned waste treatment plants;

water quality and area wide waste treatment management
planning including multi-objective water resource and land
use planning;

the best practicable control technology currently available
to limit point effluent sources shall be utilized until 1977,
after 1977 and until 1983 the best available technology
economically achievable shall be utilized to limit point
effluent sources; and after,

1985, the discharge of pollutants into navigable water be

eliminated.

Whenever precipitation occurs more rapidly than the water can be

absorbed by the soil, it runs off into drainage ways of soil de-

pressions.

Because of the importance of surface runoff to streamflow

the potential of nitrogen fertilizers in this runoff becomes a possible

hazard to man and his environment. A number of factors influence the

amount of runoff derived from a given storm and consequently affect

the level of nitrogen pollution, e.g., weather, topography, soil

properties, and plant cover.
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Weather characteristics include intensity of rainfall in a given
time period, saturation point of the soils, and how much rain has
preceded a gilven rain storm. Soil properties also influence runoff.
Sandy soils absorb water at faster rates than do clayey soils.
Topography or the degree of slope likewise influences runoff.

Steeper slopes will yield greater amounts of runoff than smaller slopes
on the same soil type. Terracing and leveling practices may be utilized
to decrease runoff from cultivatable lands with slopes generally
larger than two percent. Plant cover is another variable governing
runoff amounts. Range lands and grass pastures generally have less
rainfall runoff than cultivated lands. The heavy cover slows water
movement and allows greater absorption rates. Cropped lands are

more susceptible to runoff; however, fields in close grown crops
(wheat, oats, barley) have less runoff than row crops (corn, grain
sorghum). Summer fallowed lands with no crops have onsiderable

runoff. Timmons et al. reported annual N runoff losses of 58 pounds
per acre on fallow plots cultivated with the slope, but only three
pounds were lost under a hay rotation [64, pp. 16-18].

The degree of runoff related to plant cover also depends upon the
growing season of the crop. At planting when crop cover is at a
minimum, "runoff potential is at its peak. As the crop grows and
matures runoff potential diminishes, reflecting a seasonal effect
associated with plant uptake. Nutrient removal occurs in similar
fashion [65, p. 42].

These four variables also influence, through runoff, the potential
amount of nitrogen fertilizer pollution in our streams and standing

bodies of water. The energy associated with the impact of falling
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raindrops tends to break down aggregates of soil particles at exposed
soill surfaces. Runoff waters- can then pick up the finer particles and
carry them downslope. Much of the nitrogen which reaches streams is
suspended "in an organic form. "The fresh organic materials are quite
readily decomposed by micro-organisms but humified soil organic
material is-quite resistant to decomposition [79, pp. 302-309].

Hence, the amount of soluble nitrogen content depends upon the nature
of organic materials affected by runoff and rainfall.

Studies by agronomists in Missouri indicate that nitrogen losses
associated with sediment in the runoff accounted for 92 percent of
the total nitrogen loss for a three year period from contour planted
corn experiments [54, p. 299]. Sediment loss was greatest at the
beginning of the cropping season and diminished as the season
progressed.

Nitrogen fertilizer use on irrigated cotton has been analyzed by
Oklahoma State researchers. Surface runoff estimates for a T7.08 acre
plot, fertilized with 453 pounds of nitrogen indicated the total
nitrogen loss was 10.1 pounds from 10.5 acre=inches of applied irriga-
tion water [3L4, pp. 1-46].  In irrigated areas with heavy applications
of fertilizers, it is apparent that runoff of these nutrients can
be detrimental to water quality.

Although research date relating to nitrogen fertilizer losses in
runoff are sparse, considerable research is now being conducted to
determine the fate and magnitude of nitrogen losses. It is generally
accepted that:-

(1) losses are highest under fallow conditions,

(2) cultivated lands lose more nitrogen than pasture and forests,
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(3) heavily fertilized croplands unprotected by soil and water
conservation practices very possibly will present localized
pollution problems [30, p. 11].
Another aspect of potential nitrogen pollution is the volatiliza-
tion loss to the atmosphere. "As far as is known, this nitrogen loss
does not create significant envirommental problems [30, p. 13]. This

2

(NHh) intO'NHs'ammonia; ‘Both-of these gaseous forms are already

present in our atmosphere in large quantities. Estimates of the

process amounts to the changing of nitrate (NO3) into N_ and ammonium

magnitude of volatilization losses range from 10 to 15 percent of
the nitrogen applied on well drained soils to 100 percent on poorly
drained and water-logged soils [65, pp. 140-162].

Available excessive nutrients are blamed for the increased amount
of nuisance plants, such as bluegreen algae in our water bodies. These
growths are what cause the degradation of our water supplies and
interfere with recreafion and other intended water uses.

The growth of algae plants are dependent primarily upon two inor-
ganic elements, phosphorous and nitrogen. In most potable water
sources phosphorous is abundant [30, p:. 21]. Nitrogen comes into
the water from the air, as ammonia with rain, from organic nitrogen as
plants and animals decompose, and runoff from nearby lands. Within the
nitrogen cycle ~the organic nitrogen~-is decomposed by bacterial action
producing inorganic nitrogen which is readily available for new
plant growth.

Most naturally developed streams, rivers and lakes have, over
millions of years, created their own nitrogen balanced environment.

The environment decomposes organic materials, providing new nitrogen.
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This nitrogen is utilized in plant growth. As the maturing processes
continues these plants die and provide their proteinaceous materials
for new generations of plant life: "The discharge of “human and indus-
trial waste, agricultural runoff and accidental nitrogen spillages
result in an over abundance of nitrogen in all forms, causing an
abrupt change in the 'nutrient balance of the body-of water. This
enriched environment produces an ideal habitat for algae bloom and
other nuisance plants.

Ball and Tanner indicated "that after a 100 pound per three week
application of 10-6-4 from early May to mid-September of 1946 and
1947 on a 27.5 acre lake, a definite increase in plankton followed
each application of fertilizer. Heavy mats of filamentous algae
appeared after the second summer. The fish growth rate showed a
highly significant increase. However, an almost complete winter-kill
of fish followed the second summer of fertilization as oxygen sources
\Were utilized by algae [3, p. 23].

Ruttner showed that running water is more fertile than~still water
simply because its turbulent flow prevents the formation of zones of
nutrient depletion around plants [51, p. 185]. "Studies by Whitfort
indicate that the metabolism of plants-is enhanced by water movement
and only in extreme instances is low fertility a limiting factor to the
production of primary plant production in moving water sources
[76, pp. 302-309].

Many aquatic plants are "opportunists,"

invading exposed shallows
rapidly, but are often washed out. Both rooted plants and algae are
much affected by instability of water movement. While they may achieve

dense growths at times (particularly summer months), they rarely achieve
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a permanent vegetative cover. As a result, even though streams are
potentially fertile, production is patchy [6, pp. 186-191]. Also
implied in this statement is that, because of the summer life span
of the phytoplankton, it does not store nutrients for future consump-
tion. Hynes, also concluded that normal streams and rivers are then
net consumers of organic matter [23, pp. 324-329].

What happens then when-a normal stream or‘rivér is artifically
enriched? The introduction of excess nitrogen provides the necessary
criteria for increased potential production of primary algae producers.
Greater impetus for production-occurs during the summer months as
water temperatures warm-and daylight-hours increase. Impoundments
and dams enhance this production by providing water areas which are
not readily affected by water hovement'instability;

Although the enrichment process is similar in both streams and
rivers the volume of water in a river is much larger than in a stream.
Thus, the probability of high concentrations of excess nutrients is
much greater in streams than rivers. Hynes suggests that the effect
of enrichment on rivers is quite small. Rivers are usually warm and
open to the sky. Their production of primary algae producers is
limited more by ‘a lack.of suitable sites for plant growth than nutri-
ents. ‘Addition of extra-nutrients would, therefore, not be  expected
to greatly alter the aquatic-balance [24, pp.-193-19L]."

Streams-are different. The small amount of water volume and
available growth sites allow a larger biomass per unit volume (bio-
mass is a measurement of biological populations). It is this large
concentration of biomass and its oxygen demand which reduces avaiiable

oxygen for fish population in the stream, resulting in fish-kills.
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The plant population in streams are susceptible, however, to heavy -
rainfall and its resultant sudden washout-effect. The production sites
are removed as water volumes increase [24, pp: 193=194].

The economic and environmental aspects of nitrogen fertilizer
use and potential nitrogen pollution are complex and difficult to
model in a "real world" framework. The technical relationship be-
tween nitrogen fertilizer applied to agricultural lands and its impact
on our environment is not fully understood. Current research is
providing better knowledge, but a complete understanding of these
technical relations are not foreseeable in the near future. The
following chapter presents, by necessity, a simplified methodology

which attempts to analyze this economic and environmental issue.



CHAPTER ITI
PROCEDURE

Selection of Alternative Nitrogen

Fertilizer Strategies

The purpose of this study was to develop estimates of the total
impact of commercial nitrogen fertilizer on the economy and physical
environment of a selected sub-watershed in the Arkansas River drainage
basin. The methodology utilized attempts to handle a highly subjective
problem; a problem which economic theory is quite competent of handling,
but that is decidedly difficult to apply in a problematic situation.

Four nitrogen fertilizer strategies were developed. The first
strategy was a "benchmark" from which changes in the other three
strategies were measured. Each of these three strategies was an attempt
to depict a practical alternative method of nitrogen fertilizer
applications.

Four criteria were employed in the selection of nitrogen fertilizer
applications: (1) does the strategy impact upon the area's environ-
mental stability, (2) does the strategy have an effect on the area's
income and employment generating ability, (3) does the strategy provide
a "trade-off" effect between the area's environmental and economic
factors, and (4) does the strategy provide a practical agronomic and

environmental basis to support its implementation in the area.

38
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Specific Assumptions Underlying

The Four Strategies

Baseline Strategy

The baseline strategy is an attempt to model the typical 1972
agricultural situation of the region. Its function is for comparison
and evaluation of the three other nitrogen fertilizer strategies. The
crop year of 1972 is selected since it preceded the recent fertilizer
shortage and also preceded the relaxation of government acreage re-
strictions. It is considered a more "normal year" in the region's
agriculture than either the 1973 or 1974 production years.

This baseline strategy assumes that 1972 cropping patterns, manage-
ment practices and costs of production are extended to 1990. 1In
essence, 1990 agriculture is comparable to 1972 agriculture. The only
exception is that the 1972 base year maintains government payments
for wheat, grain sorghum and corn; subsequent years in the 1972 base-
line strategy assume Oklahoma State University outlook personnel market

price projections and no government support.

Technology Strategy

The technology strategy represents an attempt to visualize the
"status quo" of agricultural efficiency and technological advancement.
Agriculture has developed a reputation of striving for increased
efficiency, i.e., more output from the same level of input over time.
This is apparent in agriculture's increased crop yields. Improved
varieties of crops have higher expected yield levels and higher nutrient

utilization capabilities. Improved management capabilities from higher
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education levels and better machinery, equipment and technical research
meke efficiency adaptations profitable and indispensible. Therefore,
it is possible to assume that technological advancement will provide
the production levels necessary for maintenance of this region's share
of production between 1972 and 1990.

The technology strategy assumes that due to technological advance-
ment crop yields will increase given the same amount of nitrogen
fertilizer applied per acre as occurred in 1972. For each crop, yileld
per acre increases one percent per year from 1972 to 1990 or a total of
18 percent.l Production expenses, market prices for wheat, grain sor-

ghum and corn are comparable to the baseline strategy.

Restricted Nitrogen Strategy

The development of the restricted strategy stems from the fact

that increased nitrogen fertilizer use in the production of agricultural
crops also increases the potential nitrogen pollution in streams, rivers
and lakes. Increased application rates per acre and more acres re-
ceiving fertilization provide a ready source for high nitrogen concen-
tration levels in runoff water from these lands. The higher nitrogen
concentrations increase the eutrophication of our waters; and if the
concentrations are sufficiently large, damage municipal water supplies

and human health.e'

lEstimates of crop yield increases due to the inherent ability of
present varieties and the possibility of new varieties were obtained
from Oklahoma State University agronomists and plant breeders.

2A newly developed ion-exchange process can remove nearly all the
nitrate present in domestic water supplies. The treatment cost is about
12 cents per 1,000 gallons processed.
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The restricted strategy reduces the per acre application rate of
nitrogen fertilizer to a point where quantities lower than this level
would take these acres out of crop production. This is especially
evident on irrigated lands in the Oklahoma-Texas Panhandle area. Agron-
omic data suggest this level is 30 pounds of actual nitrogen applied
per acre on dryland wheat, dryland grain sorghum and irrigated wheat.
Irrigated corn and grain sorghum receive an 80 pound application rate.
Market prices are the same as for the baseline strategy. Production
expenses per acre were decreased by an amount equal to the per bushel
yield reduction.

The restricted strategy does not affect dryland wheat or grain
sorghum in the Panhandle area. Insufficient rainfall limits dryland
nitrogen fertilizer applications to only the better quality lands, where
yields warrant approximately 8 to 14 pounds per acre. The Central
area's crop production of grain sorghum and wheat was likewise not
affected by this strategy. This region does receive adequate moisture
but soil conditions, i.e., more clay, have limited yield capabilities.
Better classes of soils receive amounts around the 25 to 28 pound
fertilization rate. Also, this area has historically not produced
heavy amounts of wheat and grain sorghum. Cotton, soybeans, peanuts
and hay crops have generally dominated the better soils, due to their
higher profitability.

This does not, however, preclude increased use of nitrogen fertil-
izer on wheat in the future, especially if wheat prices remain high.
Fertilizer use on sorghum is probably less important. Area budgets
indicate such low yields on this area's soils that natural soil ferti-

lity will likely continue to supply a sufficient amount of nitrogen.
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Also, grain sorghum has not typically been utilized in the Central
area for cattle feeding operations as in the Panhandle area. Indica-
tions are that grain sorghum in the Central area is utilized primarily

as a winter forage and dairy feed.

Maximum Nitrogen Strategy

The maximum nitrogen strategy attempts to approach the physical
agronomic limit of present day wheat varieties. Historically, the North
Central area has had wheat production from its better soils of approxi-
mately 49 bushels per acre. These yields were generally produced by
innovative farmers who used high fertilizer rates and intensive manage-
ment levels on very productive soils. Nitrogen fertilization rates
to obtain this 49 bushel yield have been around 80 pounds of nitrogen
per acre. The maximum nitrogen strategy attempts to simulate this
situation for wheat. 'North Central and Central area soil Classes I
loam through III clay are considered capable of producing this yield.
Other wheat land and grain sorghum land classes are not affected and
revert to yields and fertilizer rates utilized in the technology
strategy. 'Baseline price data are again utilized and production
expenses adjusted by the increased per acre harvest costs. The Pan-
handle area is not affected by this strategy because of insufficient

rainfall.

Land Adjustment Model

The model developed to estimate land use adjustment for various
nitrogen fertilizer strategies was an aggregate linear programming

model. The model was developed for a base year of 1972 and projects
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land adjustment patterns for 1975, 1980, 1985 and 1990 assuming regional
shares of production are met for each of these time periods.3 Each of
the three areas delineated in Chapter I (Panhandle, North Central and
Central) ﬁere viewed as distinct and separable areas not affecting

each other's production or land use pattern.

The model assumes the total land area as the unit of analysis with
yield variations, fertilizer application rates, pollution estimates and
land development costs attributable to an individual acre's soil type
and capability classification. Hence, the model's unit of analysis
was the individual acre. Aggregation across acres and within a desig-
nated area develops the model's total impact. One of the major pro-
blems associated with regional supply response analysis is this
aggregation task.

Two possibilities exist. The first possibility utilizes a micro
technique of programming representative farms to obtain optimal solu-
tions and then multiply the solutions by the number of farms in each
category. The regional supply is considered the summation of these

products. This approach introduces "aggregation bias,"

a problem
which has created considerable discussion [4, pp. T01=712]. Sharples
has summarized these discussions and generally concludes that a new

method of determining regional supply response is needed [56, pp. 353-

361].

3A base year of 1972 was selected since it was considered a more

normal year to the study area's agricultural sector. The recent supply
and demand changes for food and feed grains and fertilizer did not bias
that year's production practices. After 1972 cropping patterns, govern-
ment programs and input costs have had an unstable effect on the area's
agricultural sector.



Ly

The second possibility utilizes a macro technique in which the
complete region is defined as the unit of analysis rather than the
farm. This technique yields aggregate estimates of the region's"
supply capabilities. While better than the micro analysis, the macro
technique also has its deficiencies. It ignores the resource alloca-
tion within farms, both for fixed and variable factors of production.
Implications for individual farm firm analyses are difficult to make.

The advantages of the macro approach lies largely in the data
requirements and the time and costs of analysis. Another advantage,
and a crucial part of this analysis, is the ability to incorporate soil
information. Only rarely is there soil variation within a given farm
large enough to induce large yield differences. A macro approach
allows for significant differences in soils and the necessary production
variations, which can give rise to considerable differences in the
optimum organization of the region's farm enterprises.

If budgets are developed on the basis of per acre costs and
returns in the linear-programming model, the macro and micro approaches
will yield comparable enterprise organization. Day indicates that if
certain proportionality conditions hold among individual representative
farms, i.e., indentical input-output coefficients, proportional ob-
jective functions, and right-hand-side restrictions, then macro pro-
gramming may result in exactly the same values as summing the
weighted solutions of the individual representative farms [10, pp. T9T-
813].

The macro and micro technique assumes away another critical pro-
blem. The region is not an isolated area. Rather it is influenced

by and influences the demand and supply relationships outside the area.
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However, the conceptual and analytical problems associated with in-
corporating this relationship are-so large that by necessity the
assumption has to be made for andalysis purposes.

Each of the techniques of aggregation hgve their advantages and
disadvantages.  The main criterion for selection is which analytical
approach yields the type of answer being sought. Since the purpose
of this study was to investigate the total impact upon the region,
the macro approach was used. The problem solved was the combination
and level of enterprises which maximized net returns to the area and
the resultant level of potential nitrogen pollution from this combina-
tion of enterprises. The land adjustments were obtained with a linear
programming model of the type:

Max 2 =-C, -C.~-...~-C +P «-W+P +G8+P . C-P N
n W gs c n

subject to the following restrictions:
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Llle + L12X2 + .0 .t Llan <L

where Z = total area net returns to management from wheat, corn and
grain sorghum less a nitrogen cost per pount applied.
C., . . . . C_ = cost of producing a given crop on-.a given
capability class and soil type,

P,P ,P = price received for wheat, grain sorghum and .corn,.

W, GS, C = bushels of wheat, grain sorghum and corn produced,
Xl o e Xn = acres of various land use activities,

All . "A3n = yield per acre per crop activity,

Dll e e Dmn = acres of land by capability soil. classes,

Nll . e Nln = amount of nitrogen applied.per.acre,

Lll o« o e Lln = labor requirement per acre of crop grown,
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