
University of Tennessee, Knoxville University of Tennessee, Knoxville 

TRACE: Tennessee Research and Creative TRACE: Tennessee Research and Creative 

Exchange Exchange 

Masters Theses Graduate School 

6-1983 

An evaluation of targeting as a strategy for attaining objectives of An evaluation of targeting as a strategy for attaining objectives of 

conservation and water quality in the North Fork Forked Deer conservation and water quality in the North Fork Forked Deer 

Watershed Watershed 

David Garland Sawyer 

Follow this and additional works at: https://trace.tennessee.edu/utk_gradthes 

Recommended Citation Recommended Citation 
Sawyer, David Garland, "An evaluation of targeting as a strategy for attaining objectives of conservation 
and water quality in the North Fork Forked Deer Watershed. " Master's Thesis, University of Tennessee, 
1983. 
https://trace.tennessee.edu/utk_gradthes/7534 

This Thesis is brought to you for free and open access by the Graduate School at TRACE: Tennessee Research and 
Creative Exchange. It has been accepted for inclusion in Masters Theses by an authorized administrator of TRACE: 
Tennessee Research and Creative Exchange. For more information, please contact trace@utk.edu. 

https://trace.tennessee.edu/
https://trace.tennessee.edu/
https://trace.tennessee.edu/utk_gradthes
https://trace.tennessee.edu/utk-grad
https://trace.tennessee.edu/utk_gradthes?utm_source=trace.tennessee.edu%2Futk_gradthes%2F7534&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:trace@utk.edu


To the Graduate Council: 

I am submitting herewith a thesis written by David Garland Sawyer entitled "An evaluation of 

targeting as a strategy for attaining objectives of conservation and water quality in the North 

Fork Forked Deer Watershed." I have examined the final electronic copy of this thesis for form 

and content and recommend that it be accepted in partial fulfillment of the requirements for the 

degree of Master of Science, with a major in Agricultural Economics. 

William M. Park, Major Professor 

We have read this thesis and recommend its acceptance: 

Luther Keller, Thomas Klindt 

Accepted for the Council: 

Carolyn R. Hodges 

Vice Provost and Dean of the Graduate School 

(Original signatures are on file with official student records.) 



To the Graduate Council:

I am submitting herewith a thesis written by David Garland
Sawyer entitled "An Evaluation of Targeting as a Strategy for
Attaining Objectives of Conservation and Water Quality in the
North Fork Forked Deer Watershed." I have examined the final
copy of this thesis for form and content and recommend that it
be accepted in partial fulfillment of the requirements for the
degree of Master of Science, with a major in Agricultural
Economics.

William M. Park, Major Professor

We have read this thesis
and recommend its acceptance;

j'l

/J

Accepted for the Council:

Vice Chancellor

Graduate Studies and Research

V



AN EVALUATION OF TARGETING AS A STRATEGY FOR ATTAINING

OBJECTIVES OF CONSERVATION AND WATER QUALITY IN

THE NORTH FORK FORKED DEER WATERSHED

A Thesis

Presented for the

Master of Science

Degree

The University of Tennessee, Knoxville

David Garland Sawyer

June 1983

-1 ') r-
JL ' iCjuJ V-



ACKNOWLEDGMENTS

Without the love and guidance provided by the Lord Jesus

Christ as my Savior through this research process the effort would

not be complete.

I am eternally grateful to my mother, Mrs. Claude T.

Sawyer (Peggy), for her continual support and encouragement through

this long and ardurous process. I thank, too, my brothers, Mark

and Stephen, for providing real understanding as well.

The contributions of my advisor, William Park, without

question served to greatly improve the final product of this study.

His guidance and patience during the entire course of graduate

study was a great encouragement to me. I thank him for the time

and effort he invested in developing my research capabilities.

I thank Luther Keller and Thomas Klindt for serving as the

author's graduate committee. Their positive attitude and construc

tive criticism in reviewing this manuscript and participating in

my oral examination were greatly appreciated.

A number of other individuals made significant contributions

in terms of providing data and guidance for this research project.

I must thank Sandra Batie and Alyson Grumbach of the Agricultural

Economics Department, Virginia Polytechnic Institute for assistance

in gathering, compiling, and analyzing much of the data base. I

also thank Johnny Sandefur, Craig Ellis, Curtis Haynes, Shirley

Elliott, Clarence Conner, and James Mize of the Soil Conservation

ii



m

Service and Jim Nance and his staff of the Agricultural Stabili

zation and Conservation Service for providing technical assistance

for this research effort. I thank Morgan Gray for invaluable

assistance with computer programming. I also would like to thank

Pearl Geddings, Melitta Stout, Pat Hickman, and Gail Pitt for

compiling data and typing the manuscript.

Finally, the support for this project was provided by a grant

from the Economics and Statistics Service of the USDA which is

gratefully acknowledged.



ABSTRACT

Renewed concern regarding the problem of soil erosion from

agricultural land has led to a serious re-evaluation of federal

soil erosion control policy in the United States. The objective

of reducing off-site water quality impacts of soil erosion has

gained in prominence relative to that of maintaining on-site

productivity. Recognition that most federal cost sharing supports

implementation of best management practices (BMPs) on land with

only slight to moderate erosion problems has led to proposals for

targeting efforts to more highly erosive land. Cost effectiveness

of soil erosion control efforts can be defined in terms of

maximizing erosion reduction per dollar of federal expenditure

when off-site water quality impact is considered the dominant

objective. The purpose of this study was to evaluate (a) the

extent to which the cost effectiveness of soil erosion control

efforts was or could be increased by targeting to and within a

critically eroding area, the North Fork Forked Deer (NFFD)

Watershed of West Tennessee. The NFFD Watershed was an excellent

case study area due to the severity of its erosion problem and an

extensive base of collected data.

A special Agricultural Conservation Program (ACP) water

quality project on the NFFD provided 75% cost sharing for applica

tion of BMPs sufficient to bring every field's erosion rate down

to soil loss tolerance. In Chapter III summarization of the

iv
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set of BMPs planned under this project was developed so as to be

as comparable as possible with the findings of the National

Summary Evaluation of the Agricultural Conservation Program, Phase I

(NSE-ACP-I). BMPs included were establishment of permanent vege

tative cover, improvement of permanent vegetative cover, terraces,

diversions, winter cover, critical area treatment and conservation

tillage. Comparison on the basis of the distribution of BMPs by

pre-practice erosion rate class and cost per ton of erosion reduction

indicated that targeting funds to a critical watershed increased

cost effectiveness. This was apparently due primarily to the more

highly erosive land base in the NFFD Watershed, rather than any

targeting accomplished within the context of the project itself.

This set of BMPs was viewed too in light of the pre-project situation

in terms of acreage in various pre-practice erosion rate classes

and compared to the recommended treatment goals in the project

application. The conclusion was drawn that significant potential

exists for targeting to highly erosive land within a watershed and

more cost-effective BMPs in order to increase cost effectiveness.

Based on the development of the equi-marginal principle of

cost efficiency for application to the soil erosion control problem

at hand in Chapter II, an LP model of the NFFD Watershed was

constructed and employed as reported in Chapter IV. The basic LP

model had as its objective maximization of erosion reduction subject

to a constraint on available cost sharing funds. The activities

in the LP model were BMPs applicable to fields on eight farms
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synthesized to represent the land and owner-operator characteristics

in the NFFD Watershed. Deviation of an "optimal" BMP set from the

LP model served to emphasize the conclusion regarding potential

for targeting to land within watershed and particular BMPs to

increase cost effectiveness.

Policy implications outlined in Chapter V included support

for further shifting of funds to critical watershed or areas but

also the need to re-evaluate particular aspects of the current

approach to include BMP implementation within a project or regular

county program. The whole-farm requirement may limit cost

effectiveness to the extent that treatment of slight erosive fields

is mandated in addition to treatment of highly erosive fields.

Possible modifications of the voluntary, first come-first served soil

loss tolerance, and uniform cost-sharing aspects of the current

approach merit consideration to allow for increased cost effective

ness. Of course, concern for the on-site productivity objective

of soil erosion control may influence the advisability of some of

these possible changes.
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CHAPTER I

INTRODUCTION

Soil erosion again has emerged as a growing public concern

in the United States. During the 1930's. United States citizens

witnessed devastating floods and dustbowls that scoured the land

leaving great quantities of soil virtually useless for agricultural

production. Today, with expectations of high prices for their

commodities and very few acreage restrictions on crops, farmers

are planting their row crops on marginal land without regard to

the damage inflicted upon the soil and water resources from soil

erosion. Many farmers recognize that the problem exists; but with

constraints imposed by high debt-equity positions, short planning

horizons and other factors, the incentives for private action to

reduce soil erosion are weak.

An excessive rate of soil erosion has two distinct effects

upon the environment and society. First, soil erosion reduces the

productive potential and the economic viability of the soil base.

Soil erosion erodes topsoil from the soil profile which reduces

the available water holding capacity of the soil, deteriorates the

soil structure, and reduces the available rooting zone for plant

growth. As a result, yield potentials for agricultural crops may

be significantly reduced on some soil types. If the loss of

excessive amounts of soil eroding from cropland continues at rates
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presently experienced in the United States, the productivity of

much of the nation's farmland will be diminished. In 1977 an

estimated 168 million hectares of the United States land area was

row cropped. Placing the loss of crop production from soil

erosion on the 168 million hectares of cropland at 0.1 percent per

year's yields an equivalent of 4.2, 8.4, and 16.8 million hectares

of productive cropland will be excluded from crop production in

the next 25, 50, and 100 years, respectively (13). The magnitude

of the loss of productivity from United States farmland is increased

even further when the costs of replacement inputs and removal of

erosion damaged land from production are considered.

Second, eroded soil sediments are deposited in streambeds

which clog and alter the flow of the water causing flooding in low

lying areas. Eroded sediments carry nutrients to receiving water

bodies which may promote excessive flora and fauna growth thus,

reducing available oxygen and endangering the aquatic life.

Sediment also transports chemical residues from pecticide applica

tion which may be toxic to fish and wildlife, and even man. The

magnitude of the problem faced with regard to sediment and related

discharges from agricultural land is great. On a national basis

soil sediments are the major pollutants to United States streams

by volume. The majority of soil sediments that are deposited in

United States streams are derived from agricultural cropland run

off. Nelson estimated that in 1968 damages from soil sediments

exceeded that from all other forms of water pollutants discharged
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into the country's water sources. A study published by the Senate

Agriculture and Forestry Committee in 1974 estimated that approxi

mately 2 billion tons of sediment enter the nation's water supply

from 400 million acres of cropland on an annual basis (24). The

cost of removing the soil sediments from United States waterways

and the devaluation of cropable bottom land is ever increasing.

Nelson estimated losses from sediment damage in upstream water

areas in the United States amounted to $1.25 billion annually as

of 1968. In 1977 a national authority estimated that total damages

from all forms of nonpoint pollution well exceeded $2 billion

annually (15).

West Tennessee is one of the most critical regions in the

nation with long-term average annual gross erosion rates, as pre

dicted by the Universal Soil Loss Equation (USLE), being almost

10 times the national average and ranging up to 200 tons, per acre,

annually. The extent to which soil productivity declines due to

excessive soil erosion varies with soil type. For example, loess

(wind blown) soils with fragipans exhibit a significant decline

in crop yields when subjected to severe erosion. However, the deep

loess soils without fragipans exhibit no significant decline in

yields when they are severely eroded (7).

In West Tennessee excessive rates of soil erosion not only

affect soil productivity but also alter the quality of the area's

water. The review draft of the 208 Water Quality Management Plan,

Gbion-Forked Deer River Basin, which encompasses a large portion
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of Northwest Tennessee's acreage states, "The most serious problems

in the basin are related to nonpoint sources of pollution. Soil

erosion, runoff of agricultural chemicals, siltation, flooding,

and channel modification have combined to produce severe water

quality problems." Sediment carried in runoff water is deposited

in stream channels which impairs drainage and destroys aquatic

habitat. Further, runoff from cropland contains chemical pesticides

attached to soil particles or in solution in sufficient quantities

that the threat of toxicity to many animals and man is ever present

(21).

In an effort to combat the problem of soil erosion in the

past, the United States Department of Agriculture (USDA) has

developed 34 conservation programs. Three major programs are the

Conservation Operations Program (COP), the Great Plains Conservation

Program (GPCP), and the Agricultural Conservation Program (ACP).

These programs all operate under a voluntary framework whereby

technical assistance, cost-share payments and both short- and long-

term agreements are used to encourage farmers to implement

conservation practices. The Soil and Water Resources Conservation

Act of 1977 (RCA), which was a report developed for the purpose

of assessing the efficiency of the USDA's traditional soil con

servation programs, has shown that the programs presently in use

are having limited effectiveness in preventing soil erosion from

cropland. In fact, the report indicated that levels of soil

erosion were on the increase and that the long held goals of
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conservation and improvement of farm incomes were often in conflict

(22). Also in 1977, the Comptroller General of the United States

reported to Congress that the USDA through its controlling

agencies had not placed proper emphasis upon the problem of soil

erosion (26). One of the major conclusions of this report was

that ACP cost-share payments were not utilized in an efficient

manner. It was noted that the Agricultural Stabilization and

Conservation Service (ASCS) tended to approve cost-share payments

for short-term, output-enchancing practices such as liming,

drainage, land leveling, and irrigation as opposed to bona fide

soil conservation practices. In most cases these output-enhancing

practices were profitable enough that farmers would undertake

these practices on their own without subsidization. The Comptroller

General also cited these programs for not placing proper emphasis

upon the areas with the most critical land erosion problems, i.e.,

land capability classes, IV, VI, and VII.

Accusations made by the Comptroller General concerning

noneffective use of ACP funds were verified in several investigations

into the use of cost-share payments. The National Summary Evaluation

of ACP, Phase I, revealed that over one-half of the practices

cost shared from 1975-78 were applied to land eroding at a

rate of less than 5 tons, per acre, per year with no serious

problems (see Table 1) (23). The 5 tons, per acre, per year

threshold is often used as an approximation of soil loss tolerance

which is defined as the estimated average annual soil loss expressed



TABLE 1. Conservation Practice Adopted by Severity of Sheet and
Rill Erosion, ACP, 171 Sample Counties, 1975-78

Soil Loss (tons/acres Distribtuion of Practice (percent)

0-4.9 52

5-9.9 19

10-14.9 11

15-29.9 11

30 and over 7

Total 100

in tons, per acre that can be tolerated while substaining the

existing level of agricultural production potential indefinitely.

Soil loss tolerance actually ranges from 2 to 5 tons, per acre,

per year depending upon the soil type and degree of previous

erosion. In contrast, only 18 percent of the conservation practices

were applied to land eroding at greater than or equal to 15 tons,

per acre. This land accounted for 84 percent of land eroding at

a rate in excess of 5 tons, per acre, annually.

The Federal Water Pollution Control Act Amendments (FWPCAA)

of 1972, as amended in 1977, resulted from the growing national

concern over the deterioration of water quality of the United

States streams. Section 101 of the Act states that the objective

of the Act is to restore and maintain the chemical, physical, and
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biological integrity of the nation's waters. In order to achieve

this objective, the national goal was to eliminate discharge of

pollutants into the navigable waters by 1985. Unlike previous

legislation, this Act recognized and distinguished between the

sources of water pollution. The point sources of water pollution

are defined as those predominantly discharged from industrial and

municipal facilities. Nonpoint sources of pollution refer to

discharges of sediments and other material in storm-induced runoff

from land. Agricultural activities mainly contribute wastes that

are classified as nonpoint sources of pollution, but can involve

point sources of pollution.

Section 208 of the FWPCAA of 1972 has been a public law for

nearly 10 years but appears to have done little except to emphasize

the off-farm water quality improvement purpose of soil erosion

control relative to the historical on-farm productivity maintenance

purpose of soil conservation. Section 208 of the Act most directly

influences efforts toward soil erosion control and was included

"for the purpose of encouraging and facilitating the development

and implementation of area-wide waste treatment plans, which shall

contain alternatives for waste treatment management and be

applicable to all wastes generated in the area involved." The

water quality management plans will in part include: "identification

of water quality problems, identification of pollution sources,

recommendations of guidelines for locally developed best manage

ment practices (BMPs) to curb pollution for identified sources.
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and recommendations of state and local agencies needed to implement

long-term water quality programs" (25).

In the current period of evaluation and redirection for

federal conservation programs, strategies for improving cost

effectiveness of cost-sharing and technical assistance, and targeting

cost-sharing funds to critically eroding areas in particular, are

receiving increased attention. Critically eroding areas (watersheds)

have recently been defined with increasing emphasis on the problem

of the deterioration of water quality downstream, but the program

approach remains much the same as the traditional on-farm oriented

soil conservation programs. From an economic viewpoint targeting

funds to critical watersheds is justifiable because benefits in

terms of both soil productivity maintenance and water quality improve

ment and costs of reducing soil erosion differ widely across the

country (23). In recent years a portion of the federal AGP funds

has .been diverted from general county allocations to special

water quality projects on critically eroding watersheds in the

hope that the impact per dollar of AGP funds expended would be

increased. The Rural Glean Water Program (RGWP) also appropriates

funds separately for similar uses on other critically eroding

watersheds.

In this study, the overall goal of soil erosion control

policy was generally considered to be maximization of erosion

reduction per dollar of subsidy payment, reflecting predominance

of the off-site water quality objective of the special projects.
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However to give some weight the on-site "productivity objective,

pursuit of this overall goal was assumed to be constrained by the

requirement that if a BMP were to be applied to a field it must

be sufficient to bring the erosion rate down to soil loss tolerance.

As alternative objective which would reflect primary concern for

the on-site productivity objective would be maximization of the

number of acres on which the erosion rate was brought down to

tolerance per dollar of subsidy payment.

I. OBJECTIVES

The overall objective of this study was to evaluate the

potential of alternative targeting strategies for increasing cost

effectiveness of soil erosion control efforts in a case study of

a critical watershed, the North Fork Forked Deer Watershed (NFFD)

in West Tennessee. Specific objectives of the study were as

follows;

1. To identify the set of BMPs to be implemented as part

of the special AGP water quality project on the NFFD

Watershed for comparison with the set outlined in the

project application.

2. To estimate the cost effectiveness of the set of BMPs

to be implemented for comparison with similar estimates

in the National Summary Evaluation of the AGP, Phase I.

3. To develop and employ a mathematical model to identify

the sets of BMPs which would maximize the reduction in
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gross erosion of the NFFD Watershed given various

program budgets.

4, To suggest, on the basis of comparison of the actual

(objective 1) and "optimal" (objective 3) sets of BMPs,

targeting strategies which might improve cost

effectiveness of soil erosion control efforts.

II. OUTLINE OF THE REPORT

The remainder of this report is structured in the following

manner. Economic theory related to subsidy policies for inducing

soil erosion control is presented in Chapter II. A detailed

analysis and evaluation of the special AGP water quality project

of the North Fork Forked Deer Watershed (NFFD) is provided in

Chapter III. This evaluation includes a comparison of the effective

ness of best management practices (BMPs) implemented in the water

shed to those installed on a national basis. A description of the

linear programming (LP) model and its use in identifying BMPs

which would maximize the reduction in gross erosion for the water

shed given various program budgets is summarized in Chapter IV.

Finally, conclusions and recommendations regarding present and

future targeting strategies are discussed in Chapter V.



CHAPTER II

THEORETICAL CONSIDERATIONS

Analysis of nonpoint pollution control policy for an agri

culture watershed like the North Fork Forked Deer Watershed requires

attention to both physical properties of soil erosion control and

economic principles which can properly guide the development of

policy strategies. A strategy which utilizes targeting as the

tool for a proposed solution must be theoretically sound and

address relevant aspects of the problem.

I. SOIL EROSION AS AN EXTERNALITY

Nonpoint pollution in the NFFD Watershed has many adverse

impacts upon the environment. This analysis focuses upon the down

stream effects of sediment eroded from upland cropland. Erosion

of soil particles and the related water quality problems can be

characterized as follows. First, the production of row crops

yields primary agricultural products from which the farmer earns

returns. Secondly, the activity of row crop production yields

sediment deposition downstream, affecting other land owners and

society as a whole.

From an economic perspective agricultural production dis

charges residuals into stream channels generating externalities

in terms of diminished on-site agricultural production potential.

11
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water quality, and recreational use values. To the extent that

individuals farmers' interest in the future of maintaining the pro

ductivity of farmland differs from that of society allowing dimin

ishing agricultural productivity to be viewed as an externality.

The existence of such residuals can be viewed as a potential market

failure where the costs of the by-products are not internalized

by upstream landowners, and downstream users of property are not

compensated for their economic losses. Under a perfectly competitive

market, with no externalities of this type, the free market system

can be expected to allocate resources so as to maximize social

welfare, given the initial distribution of property rights (3).

When external effects exist, a free market system can no longer

be expected to allocate resources in society's best interest.

Externalities in this care directly alter the output of producers

and consumers downstream other than through market exchange. This

divergence between private and social costs is not accounted for

in the marketplace.

II. SOIL EROSION CONTROL POLICY

In response to the ever increasing level of residuals that

continue to enter the nation's waterway in runoff from agricultural

land, the government has decided that nonpoint pollution should

be decreased by placing emphasis on soil erosion control at the

source of the problem, i.e., field or farm level. The alternative

institutional arrangements for addressing the problem include
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educational and technical assistance, subsidies, cross compliance

with other agricultural programs, and taxation (8).

In the past cost-sharing has been a large component of tradi

tional programs designed to induce voluntary adoption of soil erosion

control practices. Participation in the program apparently

occurred in cases where farmers, acting in their private interest,

perceived the sum of the on-site productivity benefit and the cost-

share payment to exceed the cost of the practice. Research and

program experience indicate that subsidies are required to induce

the farmer to voluntarily implement BMPs to reduce agricultural

nonpoint pollution. Sharp and Bromley suggest, "Subsidies are a

reality in nonpoint source abatement programs and one of the most

pressing issues facing local and state units of government is the

allocation of scarce federal, state and local funds in a manner

conducive to the attainment of the goals of PL 92-500" (20).

Subsidy payments aid the farmer in recouping net costs associated

with adoption of BMPs, i.e., "to compensate farmers for costs net

of the on-farm productivity benefits of soil erosion control" (17).

However, according to a recent study of cost-sharing for

soil erosion control across the entire United States (National

Summary Evaluation of the ACP, Phase I), great sums of the Agri

cultural Conservation Program (ACP) funds were being distributed

in an inefficient manner from the standpoint of the public interest

in reducing total gross soil erosion. In the past all cost-sharing

programs to induce soil erosion control have been conducted on a
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voluntary, first come-first serve basis, which has allowed practices

to be applied to low priority or nonexistent problems. Data from

the Natural Resources Inventory undertaken by the Soil Conservation

Service indicate that a much greater reduction in soil erosion

could be obtained through sharply focusing conservation program

expenditures to land with the highest rates of erosion. This con

cept has been labeled "targeting" by its advocates.

Targeting may be undertaken at two different levels. First,

targeting may involve transfer of available funding from less erosive

regions of the country to those regions where more severe erosion

problems exist. Second, targeting within a particular county or

watershed would offer incentives in such a way as to induce appropri

ate treatment of the most erosive land. Targeting of program funds

may mean that not all those willing to participate in the program

will necessarily be able to participate.

III. ECONOMIC EFFICIENCY AND SOIL EROSION

CONTROL POLICY

An economically efficient method of controlling nonpoint

pollution through implementation of a targeting strategy is con

ceptualized as it applies to the NFFD Watershed in the following

discussion. Economic efficiency can be defined as the maximization

of net social benefits from reducing total gross erosion. Under

current conditions, however, subsidy programs are limited in

supply of inputs (ACP funds) which are used to produce a variety
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of outputs (BMPs); and benefits are difficult to measure in dollar

terms. With these conditions constraining the implementation of

BMPs, the economic efficiency objective with water quality as the

dominant concern is more appropriately defined in terms of maximizing

the reduction of total gross erosion given a fixed budget, i.e.,

cost efficiency in use of public subsidy funds.

The economic principle for the cost efficient use of a

limited budget can be illustrated in Figure 1 which shows the marginal

cost (MC) curves for reducing gross erosion (E) by application of

BMPs on two different fields. Given a fixed budget, the cost

efficient levels of erosion reduction are Ej and E2 where the

marginal cost for the last unit of erosion reduction is equated

across the two fields. However, soil erosion of control programs

have apparently led to a higher level of treatment of some fields,

say, up to El on field 1, and a lower level on others, say, up to

E2 on field 2. Because of the difference in MC, Ej - Ej would

necessarily be less than E2 - E2, i.e., less total reduction in

soil erosion could be gained. The "cost saving" of E2CDE2 from

lower treatment of field 2 would allow for only a smaller increase

in treatment on field 1, since EjABEi must be equal to E2DCE2

to stay within the fixed budget constraint. To look at it in reverse,

from the situation of treatment levels Ei and E2 funds could be

shifted from field 1 to field 2 in order to increase the total

erosion reduction from Ei + E2 to E^ + E2.
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To tie more closely back to the concerns expressed earlier,

slightly erosive fields with MC well above MC^ (= Mc2) for the first

unit of E have been treated, while highly erosive fields with MC

well below MC^ (= MC2) for the first unit of E have not been treated.

Or, if treatment of a field is viewed as an all-or-none decision

(i.e., to bring the erosion rate down to tolerance), cost efficiency

can be conceived as using available funds in a particular order,

treating fields with the lowest average cost per ton of erosion

reduction first. The voluntary first come-first served cost-sharing

approach cannot be expected to generate this result.

Public subsidy costs for a given erosion reduction level

are not minimized for at least two major reasons in addition to

the equi-marginal principle not being applied. First, rents are

assocated with uniform cost-share subsidies because net cost as

a percentage of gross cost differs with variation in the character

istics of the land, BMP and operator. For example, net cost as

a percentage of gross cost may differ widely for a BMP such as

terracing depending upon the slope or soil type and whether the

operator is an owner or a renter. The uniform payment amount for

a particular BMP in many cases is formulated from the cost of

implementation of that BMP on a so-called typical field of soil

type and slope under controlled conditions. In many cases the

landowner's cost of adoption of a BMP is less than the cost-share

payment received; therefore, he receives a rent associated with

the cost-share payment, the amount above the minimum which would
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be necessary to induce adoption of the BMP. In many situations

the 50 or 75 percent cost-share subsidy payments may not have been

necessary to induce adoption of a BMP, i.e., a lower percentage

subsidy would have sufficed.

Second, public subsidy costs may be greater than the minimum

for a given erosion reduction level due to underestimation of the

true on-site benefits that accrued from adoption of a BMP. Farmers

may underestimate the value of the on-site productivity benefits,

therefore, a greater cost-share subsidy than the real net cost

(hatched areas. Figure 1) is necessary to induce participation in

ACP. The primary reason farmers underestimate on-site benefits

is that the benefits come in the form of long-term soil productivity

maintenance. As a result they may perceive the net cost of imple

mentation of a BMP to be significantly higher than the real net

cost. Reducing the gap between perceived and real net costs through

information and education regarding the actual physical and

economic gains by the farmer from adoption of a BMP may reduce cost-

sharing levels necessary to induce adoption of BMPs.

To help minimize public subsidy cost a variety of policy

changes have been made in recent years. First, emphasis was shifted

from short-term, production oriented, single field practices to

long-term, conservation oriented, whole farm plans which employ

the soil loss tolerance requirement. Second, extra funds have been

targeted to highly erosive regions or watersheds like the NFFD

Watershed. Third, a new pilot program called the variable cost
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sharing (VCS) ACP program has been iniated to provide a redirection

toward greater cost effectiveness of public fund use. The program

is currently being implemented within the context of regular county

ACP programs in which variable cost-share rates are offered depending

upon the magnitude of erosion reduction associated with a particular

practice on a particular type of field (17). This strategy provides

a relatively greater incentive for adoption of conservation practices

for a farmer's most erosive land. The VCS strategy works on the

premise that farmers with the highly erosive land have not

participated in ACP programs because their perceived net cost of

adoption of a practice has been greater than the traditional per

centage ACP cost-share payment of the gross cost (50 to 75 percent).

One of the objectives of this study is to consider the

effectiveness of emphasizing long-term, conservation oriented, whole

farm plans, and targeting to highly erosive regions in improving

cost efficiency in the context of the NFFD Watershed case study

area. On the basis of an analysis of the accomplishments of the

special water quality project and a linear programming model of

the erosive control options of the NFFD Watershed, other strategies

designed to target efforts for improved cost efficiency may be

suggested, eig., offering a subsidy payment per ton of erosion

reduction (which would be consistent with the equi-marginal cost

principle) or establishing a priority system for availability of

cost-sharing funds.



CHAPTER III

ANALYSIS AND EVALUATION OF A SPECIAL ACP WATER

QUALITY PROJECT

I. INTRODUCTION

In order to meet the objectives presented in Chaper I, it

was necessary to develop a framework for analyzing the cost effective

ness of best management practices (BMPs) implemented in the special

ACP water quality project on the North Fork Forked Deer (NFFD)

Watershed. The first section of this chapter reports on how

information on costs and erosion reductions for the NFFD Watershed

project were derived from long-term agreements (LTAs) developed

for farms in the NFFD Watershed. In the second section this infor

mation is summarized to allow for the cost and erosion reductions

experienced in the NFFD Watershed project to be compared with the

findings from the National Summary Evaluation of the ACP Phase I

(23) with a view to assessing the impact of shifting funds from

nation-wide use to a critical watershed. In the third section the

information from the NFFD Watershed project is analyzed within the

context of the preproject situation and goals outlined in the pro

ject application with a view to assessing the potential impact of

targeting within a critical watershed.

20
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II. DEVELOPMENT OF THE INFORMATION BASE FOR THE

NFFD WATERSHED PROJECT

Because of severe soil erosion and related water quality

impacts, West Tennessee is considered to be one of the highest prior

ity areas for soil conservation activities in the United States.

The North Fork Forked Deer (NFFD) Watershed in Gibson County,

Tennessee, is an excellent case study area for which to evaluate

the potential of targeting because of the severity of soil erosion

in this area. The upland acreage used for row crop production eroding

at a rate above soil loss tolerance in the Watershed has an average

erosion rate of approximately 40 tons of soil sediment per acre,

annually, and at this rate of erosion an average one inch of top-

soil is lost every four years during periods of crop production (16).

The NFFD Watershed consists of 80,190-acres within the

central portion of Gibson County and is located in the Mississippi

Hatchie subregion of the Lower Mississippi Resources Area; it is

also part of the plateau slope of West Tennessee (16). The North

Fork of the Forked Deer River, the principle stream in the Watershed,

flows northeasterly through Gibson County to its confluence with

the Forked Deer River about five miles downstream from Trenton,

Gibson County's county seat. This area is characterized by loess

parent material that covers marine deposits of the Coastal Plain

with undulating to rolling topography in the uplands which are

nearly level to moderately steep in slope. The floodplains are
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broad nearly level areas with varying degrees of soil wetness•depend

ing upon their position relative to the streambed.

Agriculture is the dominant industry in the area with cash

crop enterprises providing the greatest revenue. Soybeans, corn,

wheat, and cotton are the predominant crops grown with vegetables

and hay of secondary importance. Soil erosion and related water

quality problems have been magnified in recent years due to the

fact that price incentives for soybean production have led operators

to grow soybeans continuously using conventional tillage methods

and few conservation practices on land capability classes III, IV,

VI, and VII, with little regard for the long-term impacts on soil

productivity or current impacts on water quality.

Because of the existence of an extensive data base the NFFD

Watershed is an ideal case study area for analysis of the potential

cost effectiveness of targeting strategies. A special Agricultural

Conservation Program (AGP) authorized by the Agricultural

Stabilization and Conservation Service (ASCS) has been operational

in the NFFD Watershed since 1979. This project is an integral part

of the planned comprehensive land treatment program for the Water

shed considered to be necessary to decrease downstream water quality

problems. In conjunction with the special ACP water quality project,

the agencies of the USDA compiled a Watershed Plan which contains

an inventory of the NFFD Watershed's land resources and overall

objectives of the special project which served as a basis for various

assumptions made in the study of the NFFD Watershed. Also available

for informational purposes were individual conservation plans from
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the Gibson County Soil Conservation District which were developed

under the traditional ACP program.

Long-Term Agreement Summarization

The analysis of objectives 1, 2, and 4 relied most importantly

upon a detailed compilation of the data contained in the LTAs devel

oped from the special ACP water quality project. A LTA is defined

as a contract agreed upon between the USDA-ASCS and the individual

landowner which requires the cooperator to implement soil erosion

control practices such that erosion rates on each field of the

farming operation are estimated to meet soil loss tolerance for

a period of 3 to 10 years (16). To ease the financial burden of

installing required BMPs, cost-share subsidy payments of 75 percent

of the gross cost of implementing the practice specified in the

LTA is available up to a maximum of $3,500 per year for 10 years.

As of 1982, approximately 70 LTAs had been developed, signed

and were either completed or currently being implemented in the

Watershed. The following information was derived and compiled from

the LTAs:

1. Farm cooperator's name, address, ASCS farm number and

total farm acreage within the Watershed.

2. Present farming enterprises and future plans and

objectives of the cooperator.

3. Field layouts, total acres per field and farming practices

prior to the LTA.
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4. Soil mapping unit(s) for each field of all LTAs.

5. Required set of postassistance BMPs to be implemented

per field, per year.

6. Projected amount of cost-share payments for implementa

tion of each individual BMP.

A list of conservation practices approved by the Gibson County

Soil Conservation District includes these BMPs: permanent vegetative

cover establishment, permanent vegetative cover improvement, gradient

and parallel terraces, diversions, interim cover (cropland protec

tive cover), conservation tillage and permanent vegetative cover

on critically eroding areas. Water impoundment reservoirs, sediment

retention, water control structures, and sod waterways are the cost-

shared practices approved for controlling excessive gully erosion

in the NFFD Watershed.

Estimation of Erosion Reductions

The NFFD Watershed LTA data were used to estimate erosion

reductions in the following manner. The first items of information

derived were gross rates of soil erosion per field, per farm,

measure in tons, per acre, annually with and without best manage

ment practices in place. Gross erosion rates were estimated with

the use of the Universal Soil Loss Equation (USLE). This equation

is of the form A = RKLSCP where:

A = average annual soil loss in tons per acre
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R = erosion index, which indicates the effect of amount and

intensity of rainfall on soil erosion for specific

1ocations

K = soil erodability factor, reflects the rate at which

differing soil types erode, expressed in soil loss in

tons per acre per unit of rainfall erosion index (R)

from clean-tilled continuous fallow on a 9 percent slope,

72.6 feet long

L = slope length factor, expressed as soil loss on a given

length of slope of that from a slope 72.6 feet long,

considering all other conditions are constant.

S = slope steepness factor, expressed as soil loss on a

given percent slope compared to soil loss on a 9 percent

slope with all other conditions constant

C = cropping-management factor, reflecting the expected ratio

of soil loss from land cropped under specified conditions

to soil loss from continuous fallow with all other

conditions constant

P = conservation practice factor, indicating the ratio of

soil loss with a particular practice in comparison to

soil loss with straight row tillage.

Information for the values used as factors in the USLE were

obtained from several sources. The rainfall index (R), which is

constant for Gibson County, and the soil erodability factor (K)
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were obtained from Jent, et al. (11). The cropping management

factor (C) values were obtained from an unpublished article from

the Tennessee State Office of the Soil Conservation Service. The

slope steepness factors (S) values were obtained directly from

soil mapping units on soil maps contained in each individual LTA.

The slope length factor (L) and the conservation practice factor

(P) could not readily be obtained from the Gibson County soil maps

or LTAs. After consultation with SCS soil scientist and conser

vationists in West Tennessee and personnel from the Plant and Soil

Science Department, University of Tennessee, average values for

these factors were derived for common field situations encountered

in West Tennessee. It was determined that fields which were to

be terraced could be assumed to have had a prepractice slope length

of 150 feet. The remaining fields were assumed to have a slope

length of ICQ feet. The conservation practice factor used as a

"rule of thumb" value by SCS personnel was 1.0; therefore, the NFFD

Watershed analysis of targeting strategies used this value when

the value of P could not be determined from an individual LTA file.

To derive an estimate of the total erosion reduction for

each field treated under an LTA in the NFFD Watershed, it was

necessary to determine for each BMP the length of time for which

that practice would effectively reduce sheet and rill erosion.

The National Summary Evaluation of ACP Phase I was consulted as

a guide for determining the "expected life" of BMPs implemented

in the Watershed. Establishment of permanent vegetative cover and
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improving permanent vegetative cover were assumed to be effective

for five years. Terraces, diversions, and establishment of

vegetative cover on critically eroding areas were assumed

to be effective for a 10-year period. The BMPs interim cover

and conservation tillage are designed as single year conservation

practices, but generally LTAs utilizing these practices provide

for cost-share payments for more than one year depending upon the

landowner's farming objectives. All benefits in the form of

erosion reductions per field, derived from the adoption of BMPs

were figured over a 10-year period to make all comparisions between

individual BMPs relevant.

Estimation of Costs of Implementing Best Management Practices

Cost estimates of two types were made for the installation

of BMPs. Current cost was defined as the amount of the ACP cost-

share payment paid to the landowner for the adoption of a BMP

valued in 1982 dollars, i.e., 75 percent of the gross cost of

placing a conservation measure or structure upon the land. An

adjusted cost was also developed for the BMPs where costs and

benefits did not occur in the same time period. For example,

terraces are placed upon the land and paid for during the first

year, but the benefits from reducing soil erosion would accrue

over a period of several years. Adjusted cost was derived by

amortization of current cost at 8 percent over the period for

which reduced soil erosion occurred. Adjusted cost estimates for
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NFFD BMPs were amortized at 8 percent, the rate utilized in the

NSE-ACP-I, to provide for comparability of the national and NFFD

Watershed findings.

III. THE IMPACT OF TARGETING TO THE

NFFD WATERSHED

In order to address objective 2 of Chapter I, an estimate

of the cost effectiveness of the best managment practices implemented

in the Watershed was compared to the National Summary Evaluation

of the Agricultural Conservation Program Phase I (NSE-ACP-I).

The information reported in the NSE-ACP-I was collected from 171

counties all across the United States which included almost

61,000 cost-shared practices for which assistance was provided from

1975 through half of 1978. These practices were implemented on

a single-field basis without the requirements that postpractice

erosion rates meet soil loss tolerance. The NSE-ACP-I and the

summarization of NFFD Watershed LTAs both analyze the impact of

cost-shared practices upon sheet and rill erosion caused by water

but at differing application levels, i.e., national and watershed.

The purpose of this comparison will be to test the hypothesis that

(1) targeting cost-share funds to a critical watershed rather than

using them nation-wide, and (2) employing the whole farm, soil

loss tolerance requirement improves the cost effectiveness of public

funds directed to soil erosion control.
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Distribution of BMPs by Prepractice Erosion Class

The percentage distribution of the United States and the

NFFD Watershed acreage and ACP practices installed across pre-

practices erosion rate classes is displayed in Table 2. The rows

of the table contain the prepractice erosion rate classes, and the

columns represent the percent of acreage and percent of ACP practices

per erosion rate class. For example, row 3 and columns 2 and 3

of the NSE-ACP-I signify that 2.3 percent of the nation's farmland

eroded at a rate of between 10 and 15 tons, per acre, per year

(T/A/Y),^ and that of the ACP cost-shared practices installed from

1975 to 1978, an estimated 10.6 percent were installed on land

eroding at this rate

At the national level 86.7 percent of the farmland erodes

at a rate of or below 5 T/A/Y. Land eroding at a rate of 5 to 15

T/A/Y accounted for 11.5 percent of the land area; land eroding

at a rate of 15 and 30 T/A/Y 2.2 percent; and land eroding at a

rate in excess of 30 tons, less than 2 percent. The NSE-ACP-I

reveals that over one-half (52.4 percent) of all ACP practices were

installed on land eroding at a rate near or below soil loss tolerance,

while only 6.4 percent of all practices were implemented on crop

land eroding at a rate in excess of 30 T/A/Y.

Iprom this point on throughout the body of the text T/A/Y
represents tons, per acre, per year.



TABLE 2. Percentage Distribution of Acreage and Practices Across Prepractice Erosion Rate Classes

Prepractice
Erosion

National Summary Evaluation of the Agricultural
Conservation Program, Phase 1

Percent Cumulative Cumulative
Prepractice
Erosion

North Fork Forked Deer Special
Water Quality Project

Percent Cumulative Cumulative
Rate Class

(tons/acre/
year)

Percent®

of

Acreage

of

ACP

Practice

Percent
of .

Acreage

Percentage
of

Practices

Rate Class

(tons/acres/
year)

Percent®
of

Acreage

of
ACP

Practice

Percent

of

Acreage

Percent

of

Practices

0-5 86.7 52.4 86.7 52.4 0-5 63.2 29.2 63.2 29.2

5-10 7.0 19.5 93.7 71.9 5-10 6.3 12.6 69.5 41.8

10-15 2.3 10.6 96.0 82.5 10-15 6.9 12.2 76.4 54.0

15-30 2.2 10.9 98.2 93.4 15-30 14.0 24.3 90.4 78.3

30-100 1.5 5.7 99.7 99.1 30-90 6.0 20.7 96.4 99.0

100+ 0.3 0.9 100.0 100.0 90+ 3.7 1.0 100.1 100.0

Total percent 100.0 100.0 100.0 100.0 Total percent 100.1 100.0 100.1 100.0

^Source: National Resource Inventory, USDA-SCS.

to

O
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In comparison, in the NFFD Watershed 53.2 percent of the

farmland is eroding at a rate near or below soil loss tolerance,

13.2 percent at a rate of 5 to 15 T/A/Y, 14 percent at a rate of

15 to 30 T/A/Y, and 10.7 percent at a rate in excess of 30 T/A/Y.

In the NFFD Watershed row cropped land eroding at or below 5 T/A/Y

received 29.2 percent of all ACP practices, while land eroding at

a rate in excess of 30 T/A/Y received 21.7 percent of ACP cost-

shared practices.

The question may be raised as to why a relatively greater

percentage of practices were allocated to more highly erosive land

in the NFFD Watershed as compared to nation-wide. As ACP funds

are distributed on a voluntary, first come-first served basis, one

would expect the distribution of practices to have some relation

ship to the distribution of cropland acres. Given the NFFD Water

sheds' generally more highly erosive land, one would naturally ex

pect, even with a voluntary first come-first served approach, a

higher percentage of practices to be implemented on more erosive

land as compared to nation-wide. A further question remains, though,

as to whether this factor alone accounts for the relatively greater

treatment of more highly erosive land. Examination of the relatively

uniform distribution of practices according to the distribution

of acreage across prepractice erosion rate classes, as displayed

in columns 4, 5, 9, and 10 of Table 2, provide little evidence that

the whole farm requirement of the LTA approach (or any other aspect

of targeting implicit in the NFFD project) actually increased
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treatment of more highly erosive land beyond what would have been

expected given the factor above.

Further insights as to the extent of increased treatment of

highly erosive land from targeting ACP funds to critical watersheds

can be gained from comparing information on the distribution of

individual best management practices across prepractice erosion

rate classes. Information relevant to this comparison is presented

in Table 3 for the seven practices that were common to both the

NSE-ACP-I and the NFFD special water quality project. The cost-

shared practices analyzed in Table 3 apply only to sheet and rill

erosion reduction and include the following BMPs: SL-1, establishment

of permanent vegetative cover; SL-2, improving permanent vegetative

cover; SL-4, terraces; SL-5, diversions; SL-8, interim cover;

SL-15, conservation tillage; and SL-11, establishment of vegetative

cover on critically eroding areas. Cost-share payments designated

for SL-15, conservation tillage in the Watershed, were appropriated

only for no-till crop production systems, although in many of the

NFFD LTAs minimum tillage practices such as disk-drilled soybeans

were included as noncost-share items. The rows of Table 3 contain

the prepractice erosion rate classes, and the columns represent

the percentage distribution of individual BMPs across the pre

practice erosion rate classes. For example, row 3 column 4 of the

NSE-ACP-I signifies that nation-wide an estimated 22 percent of

all SL-4 BMPs, terraces, were implemented on land eroding at a rate

of between 10 and 15 tons per acre per year.



TABLE 3. Percentage Distribution of Practices Across Prepractice Erosion Rate Classes

Prepractice
Erosion

Rate Class
(tons/acre/

National Summary Evaluation of the Agricultural
Conservation Program. Phase I

Type of Practice^
SL-1 SL-2 SL-4 SL-5 SL-8 SL-15 STTT Total

Prepractice
Erosion

Rate Class
(tons/acre/

North Fork Forked Deer Special
Water Quality Project

Type of Practice^

0-5 53 69 15 37 28 38 9 51 0-5 7 78 9 35 14

aL-13

21

SL-ll

18

local

28

5-10 18 13 27 23 38 26 5 20 5-10 7 2 21 15 25 19 0 12

10-15 9 7 22 10 22 19 17 11 10-15 11 2 17 8 14 24 6 12

15-30 11 7 26 15 6 14 52 6 15-30 23 4 43 28 34 32 12 24

30-100 8 3 10 10 4 3 11 7 30-90 52 13 10 15 4 4 60 24

100+ 1 1 0 5 2 0 6 1 90+ 1 0 0 0 0 0 6 1

Total percent 100 100 100 100 100 100 100 101 Total percent 101 99 100 101 101 100 102 101

Total number'' 10,315 6,978 1,.754 429 2,916 119 217 22,728 Total number 178 139 132 52 36 72 17 626

" fo'lows: Sl-l, permanent vegetative cover establishment; SL-2, permanent vegetative cover improvement; SL-terraces, SL-5. diversion; SL-8, cropland protective cover (winter); SL-11, critical area treatment; SL-15, conservation tillage.
''Number of incidences of each practice, whether alone or in combination with one or more practices on a single field.

LO
CO
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Comparison of column 9, Table 2, percentage distribution

of all AGP practices adopted in the NFFD Watershed, and columns

10 through 18 of Table 3, the percentage distributions of individual

BMPs adopted in the NFFD Watershed revealed some significant

differences. The BMPs SL-5, SL-8, and SL-15 were installed across

prepractice erosion rate classes in a manner which closely

corresponded to the overall distribution of all NFFD practices.

In the prepractice erosion rate class, 0-5 T/A/Y, nearly 80 per

cent of the acreage of SL-2 was installed in this class because

improvement of permanent vegetative cover was designed to upgrade

existing stands of pasture or hayland which initially eroded at

a level near or below soil loss tolerance. The percentage distribu

tion of SL-4, terraces, implemented in the Watershed was slightly

concentrated in the prepractice erosion rate class 15-30 T/A/Y be

cause the BMP is in most instances used as an erosion control

device for land with slope gradients ranging from 2 to 8 percent

which generally corresponds to cropland eroding at this rate.

The percentage of the BMPs SL-1 and SL-11 implemented in the

Watershed were concentrated in the prepractice erosion rate

class 30-90 T/A/Y. The data in table 2 reveals that overall,

20.7 percent of all cost-shared practices were implemented in

this class; but SL-1 and SL-11 exhibited much higher percentages

at 52 and 60 percent, respectively. SL-1 and SL-11 were utilized

by the program managers in the Watershed to convert eroding cropland

and gullied land to grassland or trees. Of the seven possible BMPs
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available for use in the Watershed, only SL-1 and SL-11 consistently

had a C value low enough to reduce soil loss down to tolerance on

highly erosive fields; thus, to meet the tolerance requirement of

NFFD LTAs the use of those two practices was mandatory for many

NFFD fields.

Comparing the values of Tables 2 and 3 disclosed in the BMPs

implemented at the national level displayed a percentage distribu

tion pattern across erosion rate classes similar to the distribution

exhibited in the NFFD Watershed except for the BMP SL-1. Nationally,

53 percent of the acres treated with the BMP SL-1 were contained

in the erosion rate class 0-5 T/A/Y, contrasted to only 7 percent

in the Watershed. The large difference in the percentage distribu

tion of SL-1 across erosion rate classes probably is due to

variations in the characteristics of the land base and conditions

that program managers operated under at the different program levels.

The soils as a whole in the NFFD Watershed are more erosive than

the average erodability of soils nation-wide; thus, it would be

expected that implementation of this BMP to be weighted upward in

prepractice erosion rate classes in the NFFD Watershed compared

to the national level. Also, farmland eroding in the lower erosion

rate classes in the NFFD Watershed generally contain highly productive

soils. Thus, farmers are unwilling to forego present income streams

from row crop production to convert to grassland uses which yield

significantly smaller revenues.
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Analysis of Average Cost Per Ton of Erosion Reduction

Comparison of the average cost per ton of erosion reduction

for various BMPs provides a further basis for assessing the Impact

of targeting funds to the NFFD Watershed. Data In table 4 Is arrayed

by the average cost per ton of erosion reduction for the five BMPs

common to both the NSE-ACP-I and the NFFD Watershed for which erosion

reduction estimates could be made within the USLE. Those practices

Include: SL-1, establishment permanent vegetative cover; SL-2,

Improvement permanent vegetative cover; SL-4, terraces; SL-8, crop

land protective cover; and SL-15, conservation tillage. BMPs analyzed

In the NSE-ACP-I were not required to reduce soil loss to tolerance,

while In the NFFD Watershed all Implemented BMPs met the tolerance

requirement. The cost figures found In the NSE-ACP-I were adjusted

to make them comparable to those estimated for the NFFD Watershed.

The cost estimates for the NSE-ACP-I were computed for the year

1978 and In the Watershed for the year 1981, so an adjustment

factor of 1.39 was used for all the NSE-ACP-I BMPs to account for

Inflation over a period 1978 to 1981 as measured by the Producer

Price Index. An adjustment factor of 0.75 was also used for all

BMPs since figures from the NSE-ACP-I were for total cost, while

those from the NFFD project were for 75 percent ASCS cost-share.

Cost estimates for the BMPs SL-1 and SL-2 were multiplied by an

adjustment factor of 1.39 to make estimates comparable from the

NSE-ACP-I and the NFFD Watershed. Cost estimates In the NSE-ACP-I

were amortized over an eight-year period while In the analysis of



TABLE 4. Average Cost Per Ton of Erosion Reduction

National Summary Evaluation
of the Agricultural
Conservation Program,

North Fork Forked Deer
Special Water Quality

Project

Incidence

Average Cost
Per Ton of
Erosion Reduction^
(1981 dollars) Incidence^

Average Cost
Per Ton of
Erosion Reductioni
(1981 dollars)

SL-1 - Permanent vegetative cover establishment ID.315 2.77b 136 D.Bl

SL-2 - Permanent vegetative cover improvement 6.978 4.2Db 109 11.21

SL-4 - Terraces
1.754 1.56C 69 2.05

SL-8 - Cropland protective cover (winter) 2.916 8.39 8 0.70

SL-15 - Conservation tillage 119 1.D2 39 0.849

Average for all practicesd 19.166 2.95 353 1.65

aa„ ;,di,.,,tmpnt factor of 1 39 was used for all practices to account for inflation as measured by the producer price inaex oi cue
period 1978 to 1981. An adjustment factor of 0.75 was also used for all practices since figures from the NSE-ACP-I were for total cost,
while those from the NFFD project were for the 75 percent ASCS cost-share.

bin adiiistjiient factor 1 39 was used for SL-1 and SL-2 to account for differences in assumed length of practice life. In amortizing
cost at 8 percent, the NSE-ACP-I used eight years while the analysis of the NFFD project used the minimum required maintenance period of
five years.

CAn adjustment factor 1.28 was used for SL-4 to account for the difference in assumed length of practice life. ^
8 percent, the NSE-ACP-I used 15 years while the analysis of the NFFD project used the minimum required maintenance period of 10 years.

dWeighting Is by percentage of total erosion reduction. Since acreage data were not available, it was assumed that average field
size was the same for each practice in the NSE-ACP-I. SL-8 is not included because of noncomparability.

eThe number of incidences or fields for each practice represent "ses where only one cost-shared practice was applied. The numbers
in Table 1 include cases where two or more cost-shared practices were applied in combination.

fThese cost figures are for the (generally) 75 percent ASCS cost-share only.
9Cost-sharing for SL-15 in the NFFD project was strictly for no-tillage. OJ
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the NFFD project it was assumed that the life of these practices

was the minimum required maintenance period of five years. For

the BMP SL-4 the NSE-ACP-I amortized the initial cost for 15 years,

while in the analysis of the NFFD project it was assumed that the

life of these practices was the minimum required maintenance period

of 10 years. To account for this difference, an adjustment factor

of 1.28 was used on the NSE-ACP-I cost figures for SL-4.

As indicated in the bottom row of Table 4, the average cost

per ton of erosion reduction for all the BMPs (SL-8 was excluded

since the cost estimates were not comparable for reasons discussed

later) was lower for the NFFD Watershed, $1.65 per ton of erosion

reduction compared to $2.95, or approximately 44 percent lower.

This difference in average cost for all practices was in a large

part due to the BMP SL-1 with an average cost of $.81 in the NFFD

Watershed compared to $2.77 nationally. This is due, of course,

to the fact that in the NFFD Watershed SL-1 was installed on more

highly erosive land than in the NSE-ACP-I. Thus, a comparable total

cost per acre was spread over larger erosion reductions.

For SL-2, the average cost per ton of erosion reduction in

the NFFD Watershed was more than $7 higher than cost figures exhibited

in the NSE-ACP-I. The higher cost resulted from the fact that for

the NFFD Watershed in virtually every case the prepractice erosion

rate was estimated to be in the 0-5 T/A/Y class. Nationally, 31

percent of the grassland treated with SL-2 was installed on fields
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with prepractice erosion rates in excess of 5 T/A/Y. It is unclear

from procedures employed in the NSE-ACP-I how it was possible that

such a high percentage of SL-2 practices were installed on land

eroding at a rate in excess of 5 T/A/Y since such a high percentage

of cropland in the nation erodes at less than 5 T/A/Y annually,

and even poor sod has a very low C-factor in the USLE.

It is interesting to note that terraces (SL-4) were less

cost efficient in the NFFD project than the NSE-ACP-I in view of

the fact that they were installed on slightly more highly erosive

land in the Watershed. The primary explanation for this is that

terrace costs apparently rise faster than erosion reduction in that

range of increasing slope where more of the terraces in the NFFD

Watershed project were concentrated. This point is discussed in

more detail a bit later.

The average cost per ton of erosion reduction figures for

SL-8 (cropland protective cover) were not comparable to those for

the other BMPs for the following reason. Acceptance of a cost-

share payment for the winter cover crop (usually a small grain)

in the Watershed required commitment to a conservation cropping

system, with no cost-share payment for the reduced tillage operation,

where necessary to insure that the soil loss tolerance requirement

was met. The much lower cost per ton of erosion reduction for the

NFFD Watershed project is a function more of the reduced tillage

change than the impact of the winter cover crop.
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The cost per ton of erosion reduction was slightly lower

for SL-15 in the NFFD Watershed (where cost-share payments were

made only for no-till operation) than in the NSE-ACP-I. This

difference was due primarily to the relatively greater application

of SL-15 to more highly erosive land in the Watershed.

Some caution should be taken in comparing the average cost

per ton of erosion reduction figures from the NFFD special ACP

water quality project and the NSE-ACP-I. The cost figures published

in the NSE-ACP-I were for the full cost of implementing the BMPs.

To provide comparability with the NFFD project cost estimates,

which were based on the 75 percent ASCS cost-share alone, the

NSE-ACP-I cost figures were adjusted by a factor of 0.75. However,

ASCS cost-sharing for the NSE-ACP-I BMPs implemented nationally

was often less than 75 percent, typically 50 percent (23). By

adjusting the NSE-ACP-I cost figures by a more conservative factor

of 0.50 the overall average cost of NFFD BMPs would be only 16 per

cent lower compared to BMPs installed nationally.

The information in Table 5 provides additional perspective

on the basis for the lower overall cost per ton of erosion reduc

tion in the NFFD Watershed by highlighting the large variation in

the average cost per ton of erosion reduction across prepractice

erosion rate classes. The five BMPs analyzed were: SL-1, establish

ment of permanent vegetative cover; SL-2, improvement of permanent

vegetative cover; SL-4, terraces; SL-8, cropland protective cover;

and SL-15, conservation tillage. The rows of Table 5 contain the
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TABLE 5. Average Cost Per Ton of Erosion Reduction by Prepractice Erosion Rate--North Fork
Forked Deer Special Water Quality Project

Initial
Erosion Type of Practice''

Average
for all

Rate® SL-1 SL-2 SL-4 SL-8 SL-15 Practices

0-5 9.66 27.48 9.07 3.91 3.74 19.55

5-10 3.00 3.99 3.02 1.13 0.94 2.99

10-15 1.38 3.07 1.56 0.62 1.42

15-20 1.42 1.84 0.24 0.98 1.64

20-30 0.85 1.23 2.05 0.57 0.90

30-40 0.66 0.55 0.07 0.49 0.64

40-50 0.57 0.79 0.59

50-70 0.44 0.44

70-90 0.27 0.27

90+ 0.21 0.21

All classes 0.81 11.21 2.05 0.70 0.84 1.65

®Tons per acre per year based on application of the Universal Soil Loss Equation.

''See Table 4 for definitions.



42

prepractice erosion rate classes and the columns the type of best

management practice. Thus, the figure in row 4, column 1, indicates

that on average it cost $1.42 per ton of erosion reduction by imple

menting the BMP SL-1 on land initially eroding at a rate of 15-20

T/A/Y.

Inspection of the percentage variation in the average cost

per ton of erosion reduction indicated that as the erosion rate

decreased, the average cost increased. This is basically because

a nearly constant cost was spread over fewer tons of erosion reduc

tion. For the BMP SL-1, sharp increases in average cost did not

occur until erosion rates declined to a level of 5-10 and 0-5 T/A/Y.

The BMPs SL-2, SL-8, and SL-15 exhibited similar variation in the

average cost per ton of erosion reduction. The BMP SL-4 exhibited

less variation in average cost per ton of erosion reduction as

perpractice erosion rate decreased.

The BMP SL-4, terraces, did not exhibit a uniform increasing

average cost across decreasing prepractice erosion rate levels in

the NFFD Watershed. The average cost declined when terraces were

applied to land eroding at a rate of 0-15 T/A/Y. Land eroding at

a level of 15-40 T/A/Y exhibited an average cost that increased

slightly as erosion rates increased. The explanation for this lies

in the fact that the cost of terraces increases as slope and pre

practice erosion rates increase, because the quantity of soil

materials needed to construct the earthen structure increases with
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slope. From class 0-5 T/A/Y to 10-15 T/A/Y erosion reduction in

creased more quickly than cost, but from class 10-15 T/A/Y to 20-30

T/A/Y erosion reduction increased more slowly than cost. Thus,

the variation in average cost across prepractice erosion rates is

due to the fact that terrace costs increase rather rapidly as a

function of increasing slope gradient.

Analysis of the variation in average cost per ton of erosion

reduction for the BMPs SL-1, SL-4, and SL-15 was insightful in com

paring the cost effectiveness of implemented practices on NFFD farm

land experiencing differing soil erosion problems. On NFFD land

eroding at 0-5 T/A/Y, SL-15 was the most efficient BMP of the set

with an available cost of $3.74 per ton of erosion reduction. On farm

land eroding at this rate SL-1 and SL-4 had much higher average

costs at $9.66 and $9.07, respectively. Land eroding at a rate

of 5-15 T/A/Y was most efficiently brought to soil loss tolerance

by implementing the BMP SL-15 at an average cost of $.78 per ton

of erosion reduction. The BMPs SL-1 and SL-4 displayed nearly

identical average costs of approximately $2.25 per ton of erosion

reduction at the erosion rate level of 5-15 T/A/Y. The practices

SL-15 and SL-1 were cost effective in erosion reduction on land

eroding at a rate of 15-40 T/A/Y with SL-4 displaying an average

cost figure which was significantly higher. The respective average

cost values for that range were $.68, $.98, and $1.94 per ton of

erosion reduction. For NFFD farmland eroding at a rate in excess

of 40 T/A/Y the BMP SL-1 was generally the only applicable practice

with an average cost of $.37 per ton of erosion reduction.
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An overall average cost per ton of erosion reduction for

each of the prepractice erosion rate classes is displayed in Table

5. The overall average cost was derived by calculating a weighted

mean for the summation of the average cost values for each of the

five BMPs within an erosion class interval. Each BMP in a particu

lar prepractice erosion rate class was weighted according to its

average annual erosion reduction per acre and total acres treated.

In the NFFD Watershed the overall average cost per ton of

erosion reduction calculated from all practices taken together with

in each prepractice erosion rate class decreased as the erosion

rate increased, except for the class 15-20 T/A/Y which increased

just slightly. Inspection of the average cost per ton of erosion

reduction values from the NSE-ACP-I for those practices common to

both the national and watershed levels of analysis revealed close

consistency in the average costs for each BMP across prepractice

erosion rate classes. This is consistent with the earlier con

clusion that the increased cost efficiency in the NFFD Watershed

project as compared to the national level was primarily due to

relatively greater application of the same BMPs to more highly

erosive land.

IV. THE POTENTIAL FOR TARGETING WITHIN

THE NFFD WATERSHED

Recognizing that average cost per ton of erosion reduction

differs widely across erosion rate classes, it is revealing to view
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the percentage of land in the NFFD Watershed in various prepractice

erosion rate classes which were treated with BMPs, as presented

in Table 6. Information in the last column, reveals that 15-20

percent of the land in each prepractice erosion rate class between

5 and 90 T/A/Y was adequately treated (brought to soil loss tolerance)

with BMP application. Less than 5 percent of land eroding at a

rate of less than 5 T/A/Y was treated by conservation practices,

but this reflects a large number of acres given that 63.2 percent

of the land in the Watershed occurs in this prepractice erosion

rate class. Only slightly greater than 2 percent of the Watershed's

land eroding at a rate in excess of 90 T/A/Y was treated with con

servation practices. This indicates that possible further use of

the BMP SL-11, establishment of vegetative cover on critically

eroding areas, should be directed toward land in the Watershed

eroding at this excessive level. Inspection of the distribution

of practices across prepractice erosion rate classes reveals that

thousands of acres of land with erosion rates in excess of 15 T/A/Y

could conceivably have been treated rather than some of the land

with relatively low erosion rates. The distribution of implemented

practices in the NFFD Watershed across the various initial erosion

rate levels shows a great potential for targeting funds to critical

areas within the Watershed itself, as does the fact that only

slightly over 30 percent of the Watershed's land area received

application of BMPs with an average cost of less than $3.00 per

ton of erosion reduction.
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TABLE 6. Comparison of NFFD Watershed Preproject Situation with
Project Accomplishments

Percent of

Erosion

C1ass^
Preproject'^ Practi ces Acreage

with PracticesAcres Percent Acres Percent

0-5 50,672 63.2 2,366 34.1 4.7

5-10 5,010 6.3 936 13.5 18.7

10-15 5,527 6.9 964 13.9 17.4

15-30 11,199 14.0 1,707 24.6 15.2

30-90 4,813 6.0 957 13.8 19.9

90+ 2,967 3.7 69 1.0 2.3

Total 80,190 100.0 6,939 100.0 8.7

®Tons per acre per year based on application of the Universal
Soil Loss Equation.

bNFFD Watershed Plan (1980).
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In the original application for the special water quality

project in the NFFD Watershed a rough summary plan of objectives

was outlined for the targeting of best management practices.

Further perspective on the potential for targeting within the NFFD

can be obtained from a comparison of the summary of planned ob-

tives regarding the distribution of ACP funds across land capability

subclasses and the actual set of practices incorporated in the long-

term agreements of the Watershed.^

Viewing the "Percent of Acreage with Practices" column of

Table 7 revealed that 80 percent of the excessively eroding row

crop land in land capability subclass lie was reduced to soil loss

tolerance. This subclass contains some of the more level, highly

productive upland soils of the Watershed where crop yield potential

is at a maximum related to land in the higher land capability classes.

BMPs such as terraces and no-till crop production systems are the

^For comparative purposes it was necessary to correlate pre-
practice erosion rate classes developed from the LTAs with the land
capability subclass classification outlined in the Watershed plan.
This was accomplished through the use of the LISLE, which was used
to determine gross erosion rates for the relevant soil mapping
units of the NFFD Watershed. An individual soil mapping unit is
entirely included within one capability subclass, and a lower and
upper soil loss level was computed for each soil mapping unit; there
fore, it was possible to categorize a land capability subclass into
one or more erosion classes. As a result of the correlation process,
it was possible to calculate which prepractice erosion rate classes
corresponded to a particular land capability subclass.



TABLE 7. Conservation Treatment Goals of NFFD Watershed Acreage by Land Capability Subclass

Land Capability
Subclass

Acres

Requiring
Conservation

Assi stance^

Acres

Receiving
Conservation
Assistance

Percent of

Acreage
with Practices

Recommended

BMPs for
Conservation

Assistance

Class lie 5,488 4,414 80.4 no-till

terraces

contour

residue management

Class Ille 5,835 1,570 26.9 no-till

terraces

short rotations
contour

residue management

Class IVe 3,130 813 26.0 no-til 1

terraces

residue management

Classes Vie and Vile 4,408 142 3.2 grass

trees

Total 18,861 6,939 36.8

aSource: North Fork Forked Deer River (NFFD) Watershed Plan.

00
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practices most commonly employed to control erosion of this type

of land. Land capability subclasses Ille and IVe received conser

vation assistance on slightly over 25 percent of the acreage in

these subclasses requiring treatment. Soils in these land capability

subclasses are undulating in slope and often contain fragipans in

the subsoil which increase their susceptibility to the detrimental

effects of excessive erosion. In addition to terraces and no-till

production systems, short rotations based with meadows were recommended

to control erosion on land eroding in these subclasses. Only 3.2

percent of the acreage requiring treatment in the land capability

subclasses Vie and Vile was adequately treated with conservation

practices. In almost every case it was necessary to convert this

highly erosive cropland to grass or trees to fulfill the soil loss

tolerance requirement of LTAs. Thus, most of the soil erosion control

effort was directed toward the most productive upland agricultural

acreage, i.e., land in the lower prepractice erosion rate classes.

Directing a greater quantity of cost-share funds to land capability

subclasses Vie and Vile would reduce the overall average cost per

ton of erosion reduction for all BMPs utilized in the Watershed,

emphasizing the significant potential for targeting within this

critical watershed.

Finally, in analyzing the extent to which the objectives

of targeting ACP cost-shared funds to the NFFD Watershed were met,

it was useful to consider the extent to which the treatment goals
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in terms of acreages of specific practices were actually accomplished.

Acreage goals for SL-4 (terraces), SL-15 (no-till), rotations, SL-1

(establishment of permanent vegetative cover), and SL-2 (improve

ment of permanent vegetative cover) were set which would have pro

vided nearly complete treatment for the NFFD Watershed's excessively

eroding cropland more than could be expected to be accomplished

within the financial and time constraints of the NFFD project.

However, acreage treated as a percentage of the acreage goal across

practices can be considered. These percentages were 71.6 percent

for terraces, 36.6 percent for no-till (SL-15 plus conservation

tillage), something near zero percent for rotations (no cost-share

payments were available for rotations), 42.8 percent for establish

ment of permanent vegetative cover, and 171.5 percent for improvement

of permanent vegetative cover. Interestingly, the percentage

accomplishment of goals was lowest for the most cost efficient

practices and highest for the least cost efficient practices. Thus,

the potential for targeting to particular practices appears great

as wel1.

V. SUMMARY COMMENTS

Inspection of the distribution pattern of best management

practices across prepractice erosion rate classes revealed that

at both the national and NFFD Watershed levels the percent of

practices implemented per erosion class was closely related to the

percentage of total farmland acres within the prepractice erosion
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rate class. At both the national and NFFD Watershed levels of

application of the Agricultural Conservation Program, program man

agers apparently lacked the proper information, priorities and

mechanisms for directing assistance to the more serious erosion

areas of problems. Therefore, soil erosion control assistance

tended to be distributed across prepractice erosion rate classes

without very much regard for the severity of the soil erosion

problem. However, because of the more highly erosive land in

general in the NFFD Watershed and the lower cost per ton of erosion

reduction in treating more highly erosive land, the targeting of

cost-share funds to the NFFD Watershed resulted in a significant

increase in overall cost effectiveness. At the same time, analysis

of additional information indicated that the potential for targe

ting of AGP funds within such a critically eroding watershed is

great. Following a brief discussion of a specific factor which

may have limited targeting within the NFFD Watershed, presentation

is made in the next chapter of a simplified model of the NFFD

Watershed which sheds further light on how the distribution of cost-

share funds might be modified to increase the cost efficiency of

BMPs implemented in the NFFD Watershed or other critical water

sheds.

In the NFFD Watershed the distribution of BMPs was restric

ted by the whole farm requirement of long-term agreements. This

requirement forced the NFFD program managers to treat every field

of a farm cooperator's acreage eroding at a rate greater than soil
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loss tolerance, regardless of the farmer's objectives in acquiring

conservation assistance or program priorities. That is to say,

if the farmer's main priority was to treat classes lie and Ille

land, he was also forced to meet soil loss tolerance on his

highly eroding class Vie and Vile land. But treatment is also re

quired on class lie and Ille land though the farmer's or program's

primary interest may have been in taking critically eroding land

out of crop production. In contrast at the national level cost-

shared practices were implemented on a single field basis without

requirement that post practice erosion rates meet soil loss

tolerance. Constrained by this requirement, NFFD program managers

were limited in their ability to make use of a particular cost

effective practice on or treatment of a particular prepractice

erosion rate class a priority to reduce the overall average cost

per ton of erosion reduction of BMPs installed in the Watershed.



CHAPTER IV

A MODEL FOR ANALYSIS OF SOIL EROSION CONTROL

IN THE NFFD WATERSHED

I. INTRODUCTION

Operations research methodology provides an analytical frame

work for the estimation of the potential for targeting the cost

effectiveness of nonpoint pollution reductions in the North Fork

Forked Deer Watershed. Operations research methods specify a set

of variables which represent the decision quantities for attain

ment of objectives under a particular environment represented by

technology, prices, and resource limitations (9). Linear program

ming a particular operations research technique, provides the

researcher with tools which allow analysis of and optimization for

particular decisions within their own setting, where the planning

and decision method can be highly systematic. The objective of

the typical business application of an LP, which includes farm

management analysis, is to maximize profit subject to constraints

imposed by the nature of the activities in terms of input-output

coefficients, and availability of fixed inputs or prices of variable

inputs.

Linear programming has been used for evaluating the impact

of soil erosion control practices at the national, regional, state,

watershed, and farm levels. Wade, Nicol, and Heady developed a

53
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large scale linear programming model for the nation which modeled

the effects of reducing nonpoint pollution on gross farm income (27).

At the regional level Seitz developed a linear programming model

of the midwestern states to determine the effect of reducing soil

loss and consequently nitrogen from agricultural land (19). At

the watershed level of analysis studies by Alt and Heady, Kasal.

Narayanan and Swanson, and Lee all conclude that most farmers can

adopt conservation practices without greatly reducing net on-farm

income (1, 12, 14). Farm level studies utilizing linear programming

have analyzed the effects of soil erosion on a representative farm

basis as Boggess and Hunter have done (5, 10).

Evaluation of alternative targeting strategies for improving

cost effectiveness of BMP implementation in the NFFD Watershed re

quired the development and use of a linear programming (LP) model.

The most relevant objective from a viewpoint of improving water

quality would appear to be maximization of total gross erosion re

duction for the entire NFFD Watershed. An algebraic method of

expressing the NFFD Watershed maximization problem in a matrix form

is: Maximization of Z = CiXi + C2X2 + . . . + CpXp subject to:

AiiXi + A12X2 + . . . AinXp £ Bi

A21X2 + ̂ 22^2 '^Zn^n — ®2

Xi, X2, . . ., ̂ n ̂  ®

The activities Xi to Xp represent the best management practices

under consideration in the model. The term C represents the reduction
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in soil erosion and A is the matrix of technical coefficients. For

example Ci is the tons of reduced soil erosion per acre, per desig

nated period, derived from the implementation of BMPi, while An

is the cost per acre of adoption of BMPj, and A21 is the acres per

acre of a BMP. Constraining the reduction in soil erosion is the

availability of AGP funds and acres per field, per farm, represented

by Bi and B2, respectively, in the matrix equations.

The linear programming model typifying the physical and

structural characteristics of NFFD Watershed farms was constructed

to evaluate objectives 3 and 4 as outlined in Chapter I. The

mathematical model operates in a manner such that the most cost

efficient BMPs were adopted for reducing soil loss to tolerance

for a specified period of time (either 5 or 10 years). The LP

model was constrained by a fixed cost share budget based on the

availability of ACP funds targeted to the Watershed making it

possible to compare the actual sets of BMPs implemented as part of

the special ACP water quality project in the watershed (objective

1) and the "optimal" sets of BMPs derived from the LP model analysis.

The set of BMPs derived from the LP model will only be optimal

in an economic sense, that is, in abstraction from legal, political,

and administrative constraints which may influence what is optimal

in practice. From this comparison of actual and optimal sets of

BMPs it was possible to outline policy alternatives that would

target implementation of existing and future BMPs toward the optimal

set.
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II. DEVELOPMENT OF REPRESENTATIVE FARM UNITS AND BMPs

FOR THE NFFD WATERSHED

The procedure followed in developing the NFFD IP model began

by constructing representative farm units (RFUs) which represented

the upland cropland and farm operator characteristics of the water

shed. The data utilized in constructing the RFUs were derived from

a random survey of operators of farms within the boundary of the

NFFD Watershed. Approximately 85 farms were randomly selected to

be surveyed from the Gibson County ASCS files on NFFD Watershed

farms. The ASCS files contained such information as the farmers

production operations for the past five years on crops with

production quotas or price supports, maps with field boundaries,

acreage per field, crop(s) grown on each field, "and the person(s)

owning and operating the farm property in the watershed.

The person most directly responsible for making the majority

of the management decisions of operating the selected farm was

surveyed in person. This person was first questioned concerning

the ownership characteristics of the farm, i.e., owned and operated

by same person or was the acreage leased or rented. Secondly, the

person was asked to indicate their farm production practices on

an individual field by field basis. Information was collected on

the number of acres per field, crop(s) produced per field (which

included pasture and hay), crop production practices employed, soil

conservation practices utilized, and soil type and slope. Thirdly,
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the surveyed person was asked to inventory the types of farming

equipment he owned. This question was asked to determine the extent

to which some NFFD farmers had greater capability, or flexibility

for implementing production or conservation practices other than

those currently employed. To determine the number of farms utili

zing livestock as a revenue producing enterprise the surveyed person

was asked to approximate the number of livestock falling into two

categories, i.e., beef and swine.

The relevant data from the surveys were summarized and compiled

into categories and was added to the information on the watershed

collected by the USDA in the special ACP water quality project

application. The total collection of data was used to represent

all the characteristics of farms and farmers in the NFFD Watershed

on a representative farm basis.

Eight representative farm units (RFUs) were constructed

representing a total of 33,100 acres of NFFD upland cropland. As

Table 8 illustrates the RFUs were differentiated upon the basis

of the following factors: total number of acres per representative

farm unit, number of individual fields per RFU, cropland acreage

per field, soil series, slope gradient, crop(s) grown on an individual

field basis, crop production practice(s) employed, ownership

characteristics, livestock enterprises, and ownership of sod planting

equipment and/or earth moving equipment by operator of the RFU.

The representative farm units were analyzed in total farm

acreage sizes of 150 acres (large farms) and 40 acres (small farms)



TABLE 8. Elements Used to Characterize the Representative Farm Units of the NFFD Watershed

RFU 1 RFU 2 RFU 3
Representative Farm Units

RFU 4 RFU 5 RFU 6 RFU7 RFU a

Watershed acreage represented
by RFU

Cropland acres/RFU

Farm Ownership

Cropland acreage/field/RFU

3750

150

Rented

3750

150

(hvner-
Operator

Flc
F2

F3

70 F1 70

60 F2 40
20 F3 40

3200

40

Rented

F1 40

3200

40

Owner-
Operator

4800

40

Rented

4800

40

Owner-

Operator

4800

40

Rented

F1

F2

25

15

F1

F2

•20

20
F1

F2

20

20

F1

F2

15

25

4800

40

Owner-

Operator

F1

F2

20

20

Crop(s) grown/field/RFUA F1

F2
F3

W/SB
W/SB
SB

F1

F2

F3

W/SB
Corn

Sb

F1 SB F1
F2

SB

SB

F1

F2

SB

Corn

F1

F2

W/SB
W/SB

F1

F2

SB

SB

F1

F2

Corn

SB

Corn production practice/field/
RFUD F1

F2

F3

CT

NT

CT

F1

F2
F3

MT

CT

CT

F1 CT F1

F2

CT

CT

F1

F2
CT

CT

F1

F2
MT

CT
F1
F2

CT

CT

F1

F2

CT

CT

Slope gradient class/field/RFU F1

F2

F3

0-2

2-5

5-8

F1

F2

F3

2-5

5-8

8-12

F1 2-5 F1

F2

5-8

8-12

F1

F2

0-2

2-5

F1

F2

0-2

2-5
F1

F2

2-5

5-8

F1

F2

5-8

8-12

Soil series Grenada-

Loring
Grenada

Loring
Memphis Lexington-

Ruston
Grenada-

Loring
Grenada-

Loring
Grenada-

Loring
Grenada-
Loring

Livestock enterprise No Yes No Yes Yes No No Yes

Ownership of sod planter Yes No No No No No No No

Ownership of earth moving
equipment Yes Yes No No No No No No

^58 = soybeans; W/SB = double cropped wheat and soybeans.

•^CT = conventional tillage; NT = no-till; HT = minimum tillage.

•^FX represents field X. cn

CO
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with each RFU representing 3,200 to 4,800 watershed cropland acres.

Cropped fields of the RFUs range in occurrence from one to three

and in acreage from 15 to 70 acres. Three soil series based on

five soil types were included in the composition of the RFUs those

being Grenada-Loring, Memphis, and Lexington-Ruston soils. Slope

gradient classes included in the RFUs were 0 to 2, 2 to 5, 5 to 8,

and 8 to 12 percent slopes. Five crop production enterprises were

included as being representative of those most commonly used in

the watershed. The representative enterprises were soybeans

conventionally tilled, corn conventionally tilled, double crop

wheat/soybean conventionally tilled, double crop wheat/soybeans

disk drilled, and double crop wheat/soybeans no till. The RFUs

were characterized by being either owner-operated or rented. The

commercial beef and swine livestock enterprises were included in

one classification of livestock, thus the distinction was livestock

versus nonlivestock. Ownership of sod planting equipment and earth

moving equipment by the farm operator was also considered.

The combinations of the physical and structural characteristics

utilized in deriving the eight representative farm units were not

the only possible arrangement of factors that applied to the NFFD

Watershed. Actual farms in the watershed vary widely in their total

composition of farm related factors. In the composition of the

RFUs the factors expected to most directly effect soil erosion control

options and costs were included, but each factors as noncropland

acres and uses were excluded. It was an objective of the LP model
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composition process to develop representative RFUs in a manner which

accurately portrayed actual NFFD farming conditions yet maintaining

a simple LP model format. NFFD farms with operational characteristics

that are different from any RFU derived from the ASCS survey of

watershed farms may be thought of as being represented by the most

similar RFU. The RFUs together represent every acre of upland crop

land in the watershed, but do not fully model all farm operations

that occur on this cropland. Recognizing the limitations encountered

in developing the RFUs of the model, the BMP activities are now

discussed.

BMPs for the LP model consisted of practices which were in

corporated in the long term agreements of the Gibson County Soil

Conservation Districts conservation plans. A total of 43 alternative

BMPs were developed which had the potential of reducing soil

erosion to a level at or below soil loss tolerance. The BMPs of

the LP model were derived from the following ACP practices for which

soil loss estimates could be calculated utilizing the USLE: SLl,

establishment of permanent vegetative cover; SL4, terraces; SL8,

interim cover; and SL15, conservation tillage; and RFU characteristics

regarding crops produced (soybeans, corn, and wheat), ownership,

livestock, sod planter, and earth moving equipment. Cost per ton

of erosion reduction also differed depending on the soil series

and slope gradient of the field.

The objective function row contains coefficients that were

determined by the number of tons of erosion reduction per 10-year
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period by the implementation of a BMP. The coefficients were derived

by calculating an initial annual rate of soil loss prior to adoption

of the BMP. The annual rate of soil loss after implementation of

the BMP was subtracted from this figure to arrive at the amount

of erosion reduction per acre, annually due to the adoption of a

BMP. All coefficients were calculated on the assumption that all

BMPs yield an erosion reduction for a 10-year period in soil loss,

although some BMPs only actively reduced soil loss for five years.

The net cost row containing coefficients were developed to

represent the actual cost of implementing a BMP over a 10-year period

on an acre of NFFD cropland. The net cost coefficients were cal

culated in present value terms according to the yearly schedule

of costs of implementing the BMP. As an example the greatest per

centage of the net cost of implementing a terrace is incurred in

the year of installation, whereas the cost of implementing no-till

soybeans is uniformally spread over a 10-year period. Net cost

was estimated by subtracting on-site benefits returns from gross

cost for each BMP of the NFFD LP model.

The gross cost reflected the cost incurred by a farmer in

implementing a BMP, either in terms of out-of-pocket costs or fore

gone income and were based on budgets developed from The University

of Tennessee Farm Planning Manual (18). The gross cost figure in

cluded such items as the establishment cost of grass, the construction

cost of terrace, and the difference in net returns for conventional

and conservation production systems. All cost and revenues were

calculated in terms of 1981 dollars.
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The on-site benefit was calculated to reflect, in monetary

value, the yield savings over time from reducing gross soil erosion.

The estimation of on-site benefits proceeded as follows. The annual

rate of soil loss measured in tons, divided by 150 tons/inch (assumed

weight for silt loam topsoil) gives the inches of topsoil lost per

acre, per year, from erosion of cropland. Using the procedure for

determining the decline in crop productivity developed by Hunter

(10), it was possible to estimate the decline in yield (bushels)

from the loss of an inch of topsoil excluding Memphis soils.

Multiplication of the inches of soil lost per acre, annually and

the reduction in bushels of crop yield per inch of soil lost annually

produced the total number of bushels of crop yield lost per acre,

annually. It was then possible to figure the total decline in soil

productivity for the 10 year period of this analysis. This procedure

for estimating soil productivity declines was applied both with and

without each BMP, with the difference in the calculated values

representing the savings in potential yield (in bushels) from BMP

implementation. This value was multiplied by the price per bushel

of the crop under consideration to derive an annual dollar savings

due to the implementation of a soil conserving BMP.^ The present

value on-site benefit was calculated for the appropriate length

^Linear regression was used to derive a "normal" 1981 price
for the crops wheat, soybeans, and corn. A 10 year period of average
commodity prices for Tennessee from 1971 to 1981 were analyzed to
derive the long-term trend prices (wheat $3.98, soybeans $7.64,
and corn $3.30).
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of time a BMP must be maintained (either five or ten years) as out

lined by the ACP guidelines. On-site benefits were not calculated

for Memphis soils because they apparently do not experience a

significant yield reduction when eroded at levels most commonly

experienced in the NFFD Watershed (7).

Net cost was then calculated by subtracting the value of the

on-site benefit from the gross cost for a particular BMP on a soil

mapping unit. Net cost then represents the minimum present value

amount of a subsidy needed to induce BMP implementation under the

assumption that farmers fully recognize the value of the on-site

productivity benefit. Illustration of the way in which net cost

figures for the basic BMPs differed on the basis of various factors

is provided in Table 9.

III. DEVELOPMENT OF COEFFICIENTS FOR

THE NFFD LP MODEL

The LP model was constrained by the availability of funds

and also by the number of acres per field, per representative farm

unit. To simulate the funding limitations experienced in the NFFD

Watershed special water quality project, an upper limit on operating

funds was placed at 0.6 million dollars the approximate amount of

funding directed to practices in the LP model, i.e., SL-1, SL-2,

SL-4, SL-8, and SL-15. A total of 1.3 million dollars was appropria

ted to the NFFD project, but 0.7 million dollars was spent on the

implementation of other BMPs which control gully erosion for which
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TABLE 9. Net Cost of Implementing Selected NFFD Watershed Best Management Practices

Best — Elements of Best Management Practices*^
Management 00, R 00 R S/EME S/EME Sn/FME Sn,rur S']c„ JZ «

ss. g ;;g r. a zg. -sg.
Net Cost (Dollars)

167.81 213.35 269.14 314.68

SL-4d

SL-IB®

128.85 176.30 377.78 425.23

160.74 213.38 17.57 65.02

M/EME = with ownersh(p'of°Mrth"hovl^reql((ptientrilo/£HE"''wnhLt'^nmhirorel)th' ' "'i"""* ownership of livestock enterprise;...nter; w/sp with.ot twoership of's.j pL.eft's^jj^. s rifnSrc^v'ir "oj*'i;,sr:'.;rhT:;;tr.'o;.r';;.r"'""''
•-SL-l = establishment of permanent vegetative cover.

''SL-4 = terraces.

®SL-15 = no till.

cyi
-P»
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no accurate method for deriving the efficiency of reducing soil

loss is available. The acreage limitations per field were derived

from the individual representative farm units.

Some important assumptions were made in the development of

the BMPs for the NFFD LP model. Budgeting analysis was employed

to derive the basic cost and return figures for both the prepractice

crop situation and the practices employed in the LP BMPs. The 1982

Farm Planning Manual developed by the Agricultural Extension Service

at The University of Tennessee was the major source of information

required for developing the cost and return figures (18). Although

the Farm Planning Manual contained crop budgets for the majority

of West Tennessee crop production systems, it was necessary to modify

the budgets to make them more specific to the characteristics of

the RFUs. A brief discussion of some of the assumptions underlying

costs is as follows.

Establishment of permanent vegetative cover (SL-1) was dis

tinguished on the basis of whether the operator of the RFU raised

livestock commercially or not. It was necessary to distinguish

between the.type of operator, because those farmers previously

raising livestock maintained the potential for converting cropland

to grassland uses in a much different manner than a nonlivestock

operator. When an operator with no livestock operations converts

cropland to grassland, he could not sell the grass without investing

in haying equipment such as a mowing machine, conditioner, hay rake,

and hay baler. If this farm operator, not previously involved in
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livestock production, decides to include livestock as a farm enter

prise he probably would be required to invest in capital improvements

like livestock buildings, fences, etc. Thus, when the operator

of a farm is required through a LTA to convert only a very small

percentage of his total farm acreage to grassland uses it is often

not economicllly feasible for him to make the necessary investment

to initiate a haying or livestock system. After consultation with

University of Tennessee extension personnel and analysis of hay

and livestock budgets it was determined that those farmers not

previously raising livestock commercially would be better off simply

by establishing grass, and leaving it idle. Thus, no return or

revenue from this BMP is expected.

For those farm operators who had previously raised livestock

on a commercial basis, the most profitable use of their cropland

to be converted to grassland would be to incorporate the additional

grassland acreage into the existing livestock enterprise. Pasture

rental rates for West Tennessee were utilized as a proxy for net

returns expected from such a livestock enterprise.^ The net cost

figure for SL-1 with a livestock enterprise therefore reflected

^Linear regression was used to derive a "normal" 1981 average
pasture rental rate for the major soil series of the NFFD Watershed.
A 10 year period of average pasture rental rates for Tennessee from
1971 to 1981 were analyzed to derive the long-term trend rates.
On 5 to 8 percent slopes the average pasture rental rates for
Grenada-Loring, Memphis, and Lexington-Ruston soils were $25.38,
$29.01, and $26.94, respectively.
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the cost of establishing grass upon the land minus the expected

net returns from a typical livestock enterprise for a five year

period.

Terraces (SL-4) were differentiated on the basis of whether

the operator of the RFU owned earth moving equipment or not. Earth

moving equipment in this context is defined as items such as a tractor

of 100 horsepower or greater, tractor grader blade, and/or a five

to fifteen cubic yard capacity earth moving pan. This distinction

was made in response to the possibility that a farm operator owning

this type of equipment might in periods of farm inactivity be able

to construct his own terraces. In this case the labor cost incurred

in building the terraces could be subtracted from the total cost

of the terraces because the farm operator could be assumed to be

utilizing labor with an opportunity cost of zero. This distinction

relies on the assumption that most farmers owning this type of

equipment would possess the management capabilities necessary to

efficiently undertake a task of this complexity.

For operators of representative farm units not owning earth

moving equipment it was assumed that the total cost of a terrace

would correspond to the rate charged by a typical contractor for

constructing a terrace. Blissard's (4) work on estimating terrace

costs in West Tennessee was consulted for the various gross cost

estimates of the terrace BMPs in the NFFD LP model. The total

construction cost of a terrace varied with the soil type and slope

gradient of the fields they were to be placed upon. In general.
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those soils which contained fragipans in their subsoils were the

most expensive to terrace, because of the physical properties that

are exhibited by fragipans. Fragipans are brittle in consistency

and require greater power and fuel consumption to break the pan

and transport the fine earth materials to fill positions. Also

affecting the total cost of construction a terrace is the slope

gradient which as it increases the total cost of constructing a

terrace increases. Increasing gross costs and net costs as slope

gradients increased occurred on all soil series analyzed in the

NFFD Watershed.

The crop production practice no-till for soybeans and corn

was differentiated by distinguishing between ownership or nonowner-

ship of a sod planter by the operator of the representative farm

unit. A farm operator owning a sod planter was assumed to be able

to plant an acre of soybeans or corn for a slightly less total cost

than a farmer who relied on leasing a sod planter or custom hired

his no-till planting operation. It was not possible to obtain an

accurate estimate of costs of leasing or custom hired planting of

no-till soybeans in West Tennessee. Therefore, the basic no-till

budget developed by The University of Tennessee extension personnel

was modified to differentiate between ownership or non-ownership

of a sod planter. For the owner of a sod planter, who is assumed

to be committed to some amount of no-till production on a consistent

basis, the fixed costs in the basic budget was reduced slightly

because of the reduced need to maintain conventional row-crow
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production equipment. Thus, the farm operator owning a sod planter

was assumed to be able to plant soybeans at a savings of approxi

mately five to ten dollars, per acre compared to the non-owner.

The net cost figure used for all of the BMPs was differentiated

upon the basis of whether the operator of the RFU owned or rented

the acreage he farmed. This difference was incorporated because

of the extended length of time (five to ten years) that BMPs installed

under the ACP are required to be maintained as outlined by the rules

of ACP. A farm operator renting crop acreage on a yearly basis

has no guarantee that the same rented acreage will be available

to him in the following years. Thus, the farm operator installing

a BMP on rented or leased farmland will not be guaranteed that he

will realize future benefits accruing from implementation of the

BMP beyond the current year he is renting the farmland. In cases

where the farm owner rents the RFU, the gross cost of implementing

the BMP more closely represents the net cost from adoption of the

BMP. Farmers owning the farmland on which they install a BMP upon

can with greater certainty be assured that the total on-site benefits

will accrue to them, thus gross cost less such benefits represents

the net cost for them.

IV. APPLICATION OF THE LP MODEL

Initially the NFFD Watershed LP model was programmed in a

manner such that analysis of objective 3, as outlined in the

Introduction could be performed. This objective was to identify
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the set of BMPs which would maximize the reduction in gross erosion

for the watershed given a fixed cost share budget of $0.6 million,

the approximate amount available for the ACP project directed toward

practices which control sheet and rill erosion.

The procedure for programming the NFFD LP model was conducted

in the following manner. It was necessary to determine the exact

set of BMPs which were applicable per field, per representative

farm unit. Each BMP included in the LP matrix for an excessively

eroding upland field was required to reduce soil loss to or below

tolerance. The tolerance restriction was imposed upon the analysis,

because the actual conditions encountered by NFFD program managers

in implementing BMPs under long term agreements required them to

treat each field of a farm to the extent that soil loss tolerance

was attained over the entire farm acreage. On some fields of the

RFUs the possible number of acceptable BMPs was reduced by this

restriction. For example, those fields which contained Grenada

and Loring soils, 8 to 12 percent slopes were limited to one

possible BMP which contained the capacity to reduce soil loss to

tolerance, i.e., SL-1, establishment of permanent vegetable cover.

The eight representative farm units contained a total of 17 crop

land fields of which 12 required conservation measures to meet the

soil loss tolerance requirement through inducement of adoption of

BMPs. For the 12 fields requiring conservation a possible 43 BMPs

were analyzed to determine if they contained the potential for

reducing soil loss to tolerance.
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The NFFD LP was modified to model two differing methods so

BMPs could be allocated to fields on the RFUs. The whole farm (WF)

analysis of the LP model required all or none of the fields of a

representative farm unit eroding at a rate in excess of soil loss

tolerance to be adequately treated with conservation practices.

The whole farm restriction corresponds to the LTA requirement of

the actual ACP project. The single field (SF) analysis did not

restrict the sequence by which individual fields of the representative

farm units were treated, thus the solution could contain a field

from a RFU which was treated by a BMP, but excluded other fields

of that same RFU eroding at a rate in excess of soil loss tolerance.

The whole farm model in essence allows targeting to farms within

the watershed, the single field model to fields within the farms

as wel1.

LP Results for Whole Farm Model with Fixed Budget Constraints

The best management practices of the optimal solution for

the NFFD LP whole farm model constrained by a fixed budget of $0.6

million are displayed in Table 10. To simplify the results, the

solution was analyzed by slope class gradient.

Representative farm unit 3 contained a field with a slope

gradient of 2 to 5 percent in the optimal solution which was most

cost-efficiently brought to soil loss tolerance through inducing

the adoption of a minimum-till production system. This field

represented 3,200 acres of the highly productive Memphis soils of
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TABLE 10. Optimal Solutions of Whole Farm and Single Field NFFD LP Models with Budget of
$0.6 Million

Whole Single
Representative Farm Farm
Farm Field Acres Acres
Unit Number Best Management Practice^ Treated Treated

1 3 SL-15, no-till soybeans, with winter
cover crop, ownership of sod planter 243 1,000

2 2 SL-1, establishment of permanent vegetative
cover, with livestock enterprise 1,000 1,000

2 3 SL-1, establishment of permanent vegetative
cover, with livestock enterprise 1,000 1,000

3 1 - minimum till soybeans, without
winter cover crop 3,200 3,200

4 1 SL-1, establishment of permanent vegetative
cover, with livestock enterprise 2,000 1,672

4 2 SL-1, establishment of permanent vegetative
cover, with livestock enterprise 1,200 1,200

7 1 SL-15, no-till soybeans, without winter
cover crop, nonownership of sod
planter 1,800

8 1 SL-1, establishment of permanent vegetative
cover, with livestock enterprise 2,400 2,400

8 2 SL-1, establishment of permanent vegetative
cover, with livestock enterprise 2,400 2,400

13,443 14,672

®A11 best management practices included reduced soil loss to or below tolerance.
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the NFFD Watershed. The use of SL-1, establishment of permanent

vegetative cover, as a BMP did not occur in the solution on fields

with 2 to 5 percent slopes, because the gently sloping soils of

the watershed are highly productive and the opportunity cost of

converting these soils to grassland uses is too great to warrant

the use of SL-1 as a BMP. BMPs utilizing SL-4, terraces, also were

not found in the solution on fields with 2 to 5 percent slopes.

This occurred because the construction cost of a terrace is quite

high in relation to the implementation costs of other BMPs on gently

sloping land, and therefore terraces are not cost-effective relative

to minimum-till or no-till production operation.

Representative farm units containing fields with a slope

gradient of 5 to 8 percent were most cost-effectively brought to

soil loss tolerance by inducing the adoption of the BMPs, SL-1,

establishment of permanent vegetative cover, with a livestock

enterprise, and SL-15, no-till soybeans, without a winter cover

crop. The BMP SL-1 most efficiently reduced soil loss to tolerance

with slope gradients of 5 to 8 percent of representative farm units

2, 4, and 8, representing 1,000, 2,000, and 2,400 acres of NFFD

cropland, respectively. The BMP SL-15 most cost-effectively treated

RFU 1, field 1, representing 500 acres of NFFD cropland. On fields

with a slope gradient of 5 to 8 percent the factor "operation of

a livestock enterprise" dictated whether the BMP SL-1 entered the

solution. In every case, SL-1 was the most cost-efficient treatment
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of a RFU which possessed a field with the combination of a slope

gradient of 5 to 8 percent and a livestock enterprise.

Representative farm units containing fields with a slope

gradient of 8 to 12 percent were brought to soil loss tolerance

by inducing adoption of the BMP SL-1, with a livestock enterprise.

This BMP was the cost-effective practice on RFUs 2, 4, and 8 re

presenting 1,000, 2,000, and 2,400 acres of NFFD cropland, respectively.

Soils possessing this slope gradient could not be reduced to soil

loss tolerance except through the adoption of SL-1 as a BMP. Terraces

are not generally built on fields with a slope gradient greater

than 8 percent and minimum and no-till production systems alone

are not sufficient in reducing soil loss to 5 tons or less.

Results of the NFFD Watershed LP model constrained by a fixed

budget of $0.6 million indicated that conceivably more than 4 million

tons of erosion could be avoided over a 10-year period by the

expenditure of funds in the manner as outlined in the LP solution.

An estimated 23,300 acres of cropland in the model were eroding

at a level above soil loss tolerance prior to BMP implementation.

By expending $0.6 million 13,443 acres of excessively eroding

cropland could be brought to soil loss tolerance or below, representing

58 percent of the RFU cropland acreage.

Additional insight was gained by reducing the fixed ACP budget

to $0.2 million while still employing the whole farm (WF) restriction.

Comparing the optimal solutions with the WF restriction at the

differing levels of funding revealed that the reduction in funds
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resulted in the BMP SL-15 being completely removed from the solution

at $0.2 million. As a result representative farm unit 1 was not

provided with any conservation assistance and the use of the

BMP SL-1 was significantly reduced by a reduction in funding. A

total of 2,668 acres of the practice SL-1 was not implemented on

RFU 4 fields 1 and 2. A $0.4 million reduction in funding would

result in 2,911 fewer acres of the NFFD Watershed being treated

by conservation practices and nearly one million fewer tons of soil

erosion reduction over a 10-year period.

It was interesting to compare the average cost per ton of

erosion reduction estimates derived for BMPs implemented as part

of the actual ACP special water quality project and those for the

"optimal" BMP set of the NFFD IP model. The average cost values

from the actual and optimal sets of BMPs are not strictly comparable

for several reasons. First, the practices included in the optimal

set abstract from legal, political, and administrative constraints

placed upon actual implementation of BMPs in the watershed. Second,

net cost figures employed in the analysis of the optimal set of

BMPs were derived by calculating the minimum subsidy payment needed

to induce a farm co-operator into adopting the BMP. With such a

straight dollar subsidy payment as the implicit program approach embodies,

no rents were paid. Rents are associated with actual BMPs implemented

in the watershed because uniform cost-share payments will generally

provide more than this minimum. Third, the representative farm

units used in the analysis to estimate the average costs of the
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optimal set of BMPs are simplified models of actual physical and

structural characteristics displayed by the NFFD farms, therefore

some of the elements which could limit the cost-effectiveness of

actual BMPs were not included in the composition of the RFUs.

Recognizing these differences inherent in the calculation

of the average cost estimates for the actual and optimal sets of

BMPs, the values are compared. The average cost per ton of erosion

reduction associated with the actual ACP project was $1.65 while

for the optimal set of BMPs of the LP model this cost was $0.26.

It is clear from this comparison that much potential for improvement

in the cost-efficiency of BMPs exists even in critical area projects.

It should be noted that the increased cost-efficiency of the "optimal"

BMP set derived from the NFFD LP model as compared to the actual

BMPs installed in the watershed was due in part to the removal from

the potential list of BMPs for the LP model of the least cost-

effective BMP, SL-2, improvement of permanent vegetative cover.

LP Results for Single Field Model with Fixed Budget Constraint

Some insights regarding the effect that the whole farm (WF)

restriction has on the cost-efficiency of BMP implementation in

the NFFD Watershed can be gained from comparing the set of BMPs

in the solutions of the WF and single field (SF) models. At the

funding level of $0.6 million, the SF model allowed greater treatment

of acreage across the watershed, 9.1 percent more than the WF model.

Comparing the set of BMPs implemented by the WF and SF models
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revealed that the SF model placed an additional 1,800 acres treat

ment of the BMP SL-15, no-till soybeans, on representative farm

unit (RFU) 7, field 1 at the $0.5 million funding level. To install

the additional acreage of SL-15, the SF model reduced the acreage

of the practice SL-1 on RFU 4, field 1 by 328 acres, and removed

the treatment of RFU 1, field 3 completely from the solution. Thus,

in the SF model not all the cropland acreage of RFU 7 was adequately

treated with conservation practices, with field 2 left untreated.

Other than this exception of RFU 7, field 2, the treatment of NFFD

cropland acreage yielded by the SF model did meet the whole farm

requirement of long term agreements. Thus, the WF requirement made

only a small difference in the composition of the sets of BMPs in

the solution at $0.6 million funding. The SF option as compared

to the WF requirement resulted in 3.4 percent reduction in the

average cost per ton of erosion reduction. However, this small

difference is likely a function of the limited number and variability

of fields on the RFUs. The difference could be expected to be

larger if the actual farms in the NFFD Watershed were modelled.

The BMP set derived from the single field model was more

cost-effective, and represented treatment of a greater percentage

of the NFFD Watershed's cropland acreage eroding at a rate in excess

of soil loss tolerance, because there was no restriction to treat

all or none of the fields of a RFU. The SF model was constructed

such that, at least conceptually funds could be expended to

selectively treat eroding cropland in a stepwise manner across the
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NFFD Watershed's cropland acreage according to the cost efficiency

displayed by BMPs in reducing soil erosion on a particular field.

Replacing the whole farm restriction with the single field option

in the requirements of NFFD LTAs would create the potential for

increased cost-efficiency of BMPs implemented in the NFFD Watershed,

but would of course be contrary to the whole-farm planning philosophy.

In addition, farmers interested primarily in treatment of slightly

erosive fields might not participate if they could receive financial

assistance only for treatment at highly erosive fields.

Average and Marginal Cost Per Ton of Erosion Reduction:

for Single Field Model

The NFFD Watershed LP BMPs were analyzed for their cost-

efficiency at various expenditure levels by programming the model

to yield an optimal solution at $0.2 million incremental units up

to the point where 100 percent of the acres were treated. Table 11

illustrates the calculated values for average and marginal cost

per ton of erosion reduction for the stepwise progression of ACP

funds expended up to the $2.4 million level where 100 percent con

servation treatment was obtained. The LP model was programmed with

the single field (SF) option, i.e., any field from a representative

farm unit (RFU) could enter the solution. Average cost per ton

of erosion reduction was calculated by dividing the amount of funds

expended by the tons of soil erosion reduced. Marginal cost per

ton of erosion reduction was calculated as the change in cost



TABLE 11. Average and Marginal Cost Per Ton of Erosion Reduction: $0.2 to $2.4 Million Funding Levels

ACP Funding Percent of Average Cost Marginal Cost
Level Erosion Watershed per Ton of Per Ton'of

(mil 1 ion Reduction Acres Treated Treated with Erosion Reduc Erosion Reduction

dollars) (tons) with BMPs BMPs tion (dollars) (dollars)

0.0 0 0 0 0
0.06

o!2 3,529,855 11,965 51.3 0.06
0.65

0.4 3,839,483 13,667 58.6 0.10
0.72

0.6 4,118,965 14,672 63.0 0.15
0.77

0.8 4,377,167 15,792 67.8 0.18
0.86

1.0 4,609,147 17,863 76.7 0.22
1.00

1.2 4,809,029 18,628 79.9 0.25
1.00

1.4 5,008,325 19,368 83.1 0.28
1.00

1.6 5,207,621 20,109 86.3 0.31
1.00

1.8 5,406,917 20,850 89.5 0.33
1.45

2.0 5,544,712 21,260 91.2 0.36
1.86

2.2 5,651,969 22,617 97.1 0.39
2.11

2.4 5,746,597 23,300 100.0 0.42
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(in $0.2 million increments) divided by the change in erosion re

duction.

Analysis of the average cost per ton of erosion reduction

column of Table 11 reveals that average cost increased uniformally

from $0.2 to $2.4 million of funds expended. For each additional

$0.2 million spent for conservation measures, average cost increased

by approximately $.03 to $.05. Average cost ranged from a low

value of $.06 per ton of soil saved at $0.2 million expended, to a

high of $.42 at the $2.4 million expenditure level.

The marginal cost (MC) curve as illustrated in Figure 2 rose

with each additional increment of funds expended for implementation

of BMPs in the LP model. (Alternatively, the marginal cost infor

mation could have been presented in the more conventional fashion

with erosion reduction on the horizontal axis.) The MC jumped sharply

after the first $0.2 million expenditure and then rose more slowly

between $0.2 and $1.2 million expended. Between the expenditure

levels of $1.2 and $1.8 million, marginal cost remained constant

at $1.00 per ton of erosion reduction. For spending levels above

$1.8 million the MC curve again rose until the LP model adequately

treated all NFFD cropland acres requiring conservation assistance.

Marginal cost per ton of erosion reduction increased from a low

value of $.06 to a high of $2.11 from the expenditure ranges of

0 to $0.2 and $2.2 to $2.4 million, respectively.

It was insightful to compare the sets of BMPs implemented

on the fields of the eight representative farm units at selected
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FIGURE 2. Marginal Cost Per Ton of Erosion Reduction: Single
Field Model.
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funding levels where marginal cost displayed a significant variation,

as illustrated in Table 12. Between $0.0-$0.2 to $0.2-$0.4 million

of funds expended marginal cost rose by $.60 or by over 10 times

which was the largest increase experienced over the entire range

of fundings ($0 to $2.4 million). Inspection of Table 12 reveals

that the large increase in marginal cost was mainly due to an

additional acreage of the BMP SL-15, no-till soybeans, without

winter cover crop, without ownership of a sod planter being added

to the solution. At the $0.2 million funding level, 94 percent

of BMPs were implemented on land with a slope gradient of 5 percent

or greater. The BMPs SL-1, establishment of permanent vegetative

cover, with a livestock enterprise and SL-15, no-till soybeans,

composed the entire percentage at 67 and 27 percent, respectively.

At the $0.4 million funding level as compared to the $0.2 level

BMPs were increasingly placed on the less sloping and erosive land.

Of the 1,702 acres of additional conservation coverage provided

at the $0.4 million funding level compared to the $0.2 million level,

61 percent of the practices were placed on land in the slope class

gradient 2 to 5 percent, thus-the cost-efficiency of installed

BMPs declined significantly. From $0.4 to $1.0 million of ACP

funding marginal cost rose quite uniformally because the optional

solutions continued to contain increased percentages of SL-15,

no-till production operations on gently sloping land and SL-1 on

land in the slope gradient class, 5 to 8 percent.



 

 

TABLE 12. Optimal Solutions: NFFO LP, Single Field Model, with Budgets $0.2 to $2.0 Million

Best Management Practice^
ACP Funding Level (million dollars)

O O O 0.8 1.0 1.2 1.4 1.6 l.B 2.0

SL-1; W/L; G5-B, 8-12

SL-1; WO/L; G5-8

SL-15: SB; W/WCC; WO/SP; G5-8

SL-15; SB; W/WCC; W/SP; G5-B

SL-15; SB; WO/WCC; WO/SP; G2-5

SL-15; Corn; WO/WCC; WO/SP; G2-5

- ; MTSB; WO/WCC; G2-5

SL-4; W/MTSB; WO/EME; G2-5

Total

Acres

8,000 8,667 9,672 10,000 10,000 10,000 10,000 10,000 10,000 10,000

3,000

728 1,468 2,209 2,950

500 500 500 500 500 500

1,800 1,800 1,800 1,800 1,800 1,800 1,800

292 2,363 2,400 2,400 2,400 2,400 2,400

3,200 3,200 3,200 3,200 3,200 3,200 3,200

360

15,292 17,863 18,628 19,368 20,109 20,850 21,260

®BMP characteristics are represented by SL-1 = establishment of vegetative cover, SL-15 = no-till, SL-4 = terraces,
SB = soybeans; MTSB = minimum-ti11 soybeans; W/MTSB = double cropped wheat and minimum-till soybeans; W/L = with livestock
enterprise; WO/L = without livestock enterprise; W/WCC = with winter cover crop; WO/WCC = without winter cover crop;
W/SP = with sod planter; WO/SP = without sod planter; WO/EME = without earth moving equipment; G = slope gradient expressed
in percent.

00
CO
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As ACP funds were expended between a range of $1.2 and $1.8

million, marginal cost remained constant at $1.0 per ton of erosion

reduction, and the overall percentage of the NFFD Watershed's crop

land acreage treated with BMPs ranged from 79.9 to 89.5 percent.

Viewing the acreage values for the individual BMPs across the

expenditure levels of $1.2 to $1.8 million revealed that each addi

tional increment of funding was spent to implement a greater acreage

quantity of the BMP SL-15, no-till soybeans, with a winter cover

crop, and without ownership of a sod planter. Over this range of

spending, each dollar spent for conservation practices reduced soil

erosion by exactly the same quantity (tons) per acre over a 10 year

period, thus marginal cost remained constant. At the ACP funding

level of $2.0 million marginal cost began to increase at an

increasing rate. The reason for the significant increase in marginal

cost at this expenditure level was due to the LP model bringing

into the solution less cost-effective practices relative to BMPs

implemented at lower spending levels. In this case these practices

were SL-1 and SL-4, terraces, wheat and minimum-till soybeans, with

out ownership of earth moving equipment. From $2.0 to $2.4 million

of ACP funds expended marginal cost per ton of erosion reduction

continued to increase due to the increased use of BMPs utilizing

SL-4 as their main soil conserving component.
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V, SUMMARY COMMENTS

Linear programming was used to simulate the soil erosion

control options in the NFFD Watershed. The LP model was constructed

to provide some comparability between the actual sets of BMPs

implemented as part of the special AGP water quality project and

the "optimal" set of BMPs derived from the LP model analysis. This

required the development of representative farm units to represent

actual NFFD farm conditions and cost effectiveness information

for various BMPs. A whole farm model was constructed to represent

the rules embodied in long term agreements of the NFFD Watershed

AGP project requiring treatment of every field of a cooperator's

farm to meet soil loss tolerance. The whole farm model results

reinforced conclusions from the previous chapter regarding the

potential for targeting within the NFFD Watershed to improve cost

effectiveness.

In addition, a single field model was developed that allowed

treatment of only selected fields from NFFD farms, i.e., not every

field of a cooperator's farm was necessarily treated to the point

where soil loss tolerance is met. The single field model displayed

greater cost-efficiency because selectively targeting to the more

cost-effective practices and to the more highly erosive NFFD crop

land could be accomplished. Thus, with equal funding the flexibility

of the SF option allowed treatment of a greater percentage of NFFD

cropland and a greater reduction in erosion, consistent with the

logic of the equi-marginal cost principle developed earlier.
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Both the whole farm and single field model implicitly embodied

a particular subsidy approach. The subsidy cost required to induce

BMP implementation was a straight dollar per acre payment equal

to the net cost of implementing the practice, thus yielding no

rents.. With modifications the NFFD LP model could be used to

simulate various program approaches designed to target for improved

cost-effectiveness in reducing gross soil erosion in critically

eroding areas, for example, specifying priorities with regard to

BMPs or erosion rate classes on variable cost-sharing.



CHAPTER V

CONCLUSIONS

I. SUMMARY OF FINDINGS

The focus of this study has been on analysis of the cost

effectiveness of targeting of Agricultural Conservation Program

(ACP) cost-share funds to and within the NFFD Watershed. To

complete the analysis, information was collected on the actual

set of BMPs implemented in the special water quality project on

the NFFD Watershed, including acreage treated per BMP, implemen

tation cost and prepractice and postpractice erosion rates. Doing

so allowed comparison of the distribution of practices across pre

practice erosion rates and cost per ton of erosion reduction with

similar findings from a national survey reported in the National

Summary Evaluation of the Agricultural Conservation Program,

Phase I. This comparison indicated the impact of targeting to a

critical watershed. In addition, information was developed from

a random survey of farms in the NFFD Watershed and incorporated

in a linear programming (LP) model of representative farm units.

The model results indicated the set of BMPs which would maximize

gross erosion reduction in the NFFD Watershed. Information from

both the analysis of the special ACP project and the LP model

applications served to indicate the potential for targeting within

the NFFD Watershed. Time and data limitations did not permit

87
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development of as complete or detailed information base on some

of these areas as would be desired, and specific limitations were

discussed in previous chapters.

Based on the above analysis, there were several findings

which warrant discussion and further consideration. Estimation

of the cost effectiveness of the set of best management practices

implemented in the NFFD Watershed compared with similar estimates

in the National Summary Evaluation of the Agricultural Conservation

Program Phase I (NSE-ACP-I) revealed that practices installed in

the Watershed as a whole were more cost effective than practices

implemented nation-wide. An average cost per ton of erosion

reduction value was calculated for all BMPs across prepractice

erosion rate classes and across practices for a basis of comparison.

The average cost per ton of erosion reduction for all BMPs con

sidered together was $2.95 at the NSE-ACP-I and $1.65 in the

NFFD Watershed.

The explanation for this considerable difference in average

cost at these two levels appears to lie primarily in the fact

that in the NFFD Watershed BMPs were installed on more highly

eroding fields. Comparing acreage distribution patterns across

prepractice erosion rate classes showed that only 13 percent of

the nation's farmland erodes at a rate in excess of soil loss

tolerance compared to 37 percent in the NFFD Watershed. Nation

wide, then, 17 percent of practices were applied to land eroding

at a rate greater than 15 T/A/Y, while in the NFFD Watershed 46
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percent of BMPs were applied to this highly erosive land. This

comparison provides evidence that in the NFFD Watershed the cost

of implementing a practice was generally spread over a greater

quantity of tons of erosion reduction, thus reducing average cost

for the NFFD Watershed project.

Additionally, the improved cost effectiveness of BMPs installed

in the Watershed may be partly due to the whole farm (WF) requirement

of long-term agreements implemented as part of the NFFD special

project as opposed to the single field approach of implementing

BMPs in the NSE-ACP-I. The whole farm requirement in many cases

may have forced treatment of highly erosive fields in addition to

more moderately erosive ones, thus improving the overall cost

efficiency of NFFD BMPs. On the other hand, this whole farm require

ment may have reduced overall cost efficiency to the extent that

treatment of slightly erosive fields was forced.

From the standpoint of the potential for targeting within

the NFFD Watershed, it was also interesting to identify the set

of BMPs to be implemented as part of the special ACP water quality

project in the NFFD Watershed for comparison with the set outlined

in the project application. The extent to which the treatment

goals outlined in the NFFD project were met revealed that per

centage attainment of goals was highest for the least cost effective

practices and lowest for the most cost effective BMPs. The least

cost effective practice analyzed was SL-2, improving permanent

vegetative cover, which received nearly twice the recommended
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percentage of use. In contrast, the most cost effective BMP across

erosion classes was SL-15, conservation tillage, which received

implementation on only one-third of the acreage that program

managers had recommended in the project application. Further,

accomplishment of prepractice goals by land capability subclass

revealed that the slightly eroding land in the Watershed received

a greater percentage of conservation treatment than highly eroding

land. NFFD farmland in land capability subclass lie received

84 percent treatment by BMPs designated as in need of conservation

assistance compared to 3 percent coverage of the most highly

erosive land in subclasses Vie and Vile. These findings suggest

that the potential value from development of policy measures for

targeting to particular soil erosion control practices and more

highly erosive fields appears great.

The findings from the LP model analysis served to re-emphasize

these conclusions. The LP model derived an "optimal" set of BMPs

that maximized the reduction in gross soil erosion in the NFFD

Watershed when constrained by various subsidy payments budgets.

Two basic LP models were constructed for analysis of the cost

effectiveness of BMPs applicable to the NFFD Watershed. The whole

farm (WF) model was developed to represent the requirement of the

LTA approach to maximizing erosion reduction, i.e., long-term,

whole farm planning with treatment of every field of a cooperator's

farm to the point where soil loss tolerance is attained. The single

field (SF) model simulated targeting conservation funds to specific
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fields within the Watershed, regardless of whether all fields on

a representative farm were treated.

Comparison of the WF and SF model results revealed that with

equal budgets the SF option provided for adequate treatment of a

greater quantity of excessively eroding acres across the NFFD Water

shed and a lower average cost per ton of erosion reduction. The

greater flexibility afforded with the SF option in selectively

choosing the more erosive fields to implement BMPs upon increased

the overall cost effectiveness of this model relative to the WF

model.

Though not strictly comparable, the overall cost effectiveness

of the optimal set of BMPs employed in either the WF model is much

lower than the average cost of erosion reductions in the NFFD Water

shed project. The LP model simulation allowed derivation of a

marginal cost function for the NFFD Watershed which indicated that

for cost effectiveness, funds would be expended first to induce

implementation of permanent vegetative cover establishment on highly

erosive land and conservation tillage on moderately erosive land.

Terraces and treatment of slightly erosive land were well up along

this marginal cost curve. This stands in contrast with the experience

from the NFFD Watershed special water quality project analysis.

II. POLICY IMPLICATIONS

Targeting funds to critical areas with more highly erosive

land than the nation as a whole appears to improve cost effectiveness.
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and further shifts in the allocation of funds in this direction

should be considered on the basis that greater erosion reduction

can be obtained per dollar expended in critically eroding areas.

However, there are a number of aspects of the current policy

approach which deserve re-evaluation in the interest of targeting

to improve the cost effectiveness of soil erosion control

expenditures within critical watersheds. Alternative approaches

or modifications warrant serious consideration. This section seeks

to provide some degree of such re-evaluation and consideration from

the perspective of the findings of this study.

The whole farm requirement of long-term agreements (LTAs)

under the ACP embodies traditional principles important to the

conservationist philosophy, but cost effectiveness may be limited

under this approach. The WF requirement of LTAs inhibits the

operational efficiency of program managers by denying them the

flexibility to set priorities according to average cost per ton

of erosion reduction, initial erosion rate of land capability class,

particular type of practices, etc. With limited funding and

the recognition of the potential cost effectiveness of targeting

on such bases, priority allocation of funds with water quality as

the dominant objective may dictate consideration of modifications

of the WF requirement.

Analysis of the average cost per ton of erosion reduction

of BMPs implemented in the NFFD Watershed across all practices re

vealed that the variation in the cost efficiency between individual
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BMPs is significant in many cases. Thus, even within the WF require

ment the potential for improving the overall cost efficiency by

targeting funds to particular BMPs appears to be great. One method

by which this could be accomplished with some degree of certainty

is by limiting availability of cost-share payments to the most cost

efficient BMPs appropriate to the field in question. Individual

practices could be ranked according to the average cost per ton

of erosion reduction of implementing BMPs on land eroding at various

intervals.

The soil loss tolerance requirement is based on the logic

that if a field is to be treated at all, it should be treated to

the point where the soil can sustain its present level of productivity

by having the average amount of eroded topsoil lost through erosion

annually replaced with organic matter accululated during the

growing season. The tolerance requirement assures that severely

eroding cropland will be converted to grassland uses or trees.

However, tolerance values are low enough that even on moderately

sloping land the only practice that will reduce soil loss to toler

ance is SL-1, establishment of permanent vegetative cover, which

may be a very costly practice. This is because net returns from

grassland uses do not nearly equal those of row crops, and with

the debt-equity positions of present day farmers conversion of row

cropland to grass may not be considered a viable option. However,

BMPs possessing some type of reduced tillage production operations

often will reduce soil loss to levels near tolerance but not to
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tolerance on moderately sloping land. If erosion rates up to

5 T/A/Y above tolerance were allowed on moderately sloping land,

the potential for utilization of more cost effective no-till and

minimum till practices would be increased significantly.

The first come-first served nature of the current approach

could be modified in an effort to target for increased cost

effectiveness. Some percentage of regular county allocations of

ACP funds are currently restricted for use on LTAs. Working from

this precedent, with knowledge of the distribution of acreage by

prepractice erosion rate or capability class, some percentage of

funds could be restricted for use on the most highly erosive land

in a critical watershed or county. If these funds could not be

used within some period of time, they might revert back to the

state or federal level of real location.

All federal soil erosion control programs in the past have

been implemented on a voluntary basis. However, the possibility

of pressure for more cost effective soil erosion control suggests

consideration of mandatory practices in some cases. For example,

it has been suggested that row crop operations be excluded on land

capability classes Vie and Vile. This would require a substantial

effort in retiring cropland and converting this land to grassland

uses and a real location of program expenditures to the extent that

financial assistance was provided for this type of conversion.

Cost effectiveness in terms of total gross erosion reduction would



95

be markedly increased. However, the political and administrative

ramifications of this strategy for reducing soil erosion would

appear to make its use unlikely in the near future.

One element of the current approach which has strong equity

foundations is uniform percentage cost-sharing, regardless of the

field of practice involved. Differential subsidies, to give greater

incentives for application of the most cost effective practices

on the most highly erosive land and to reduce rents, could encourage

targeting even within the whole farm, soil loss tolerance, voluntary,

first come-first served approach. Ideally, differential subsidies

would be offered on an individual field basis in amounts just

sufficient to induce farmer participation, as implicitly assumed

in the LP model analysis. The subsidies would be offered in order

of highest to lowest erosion reduction per subsidy dollar until

available ACP funds were exhausted. Though the administrative costs

of implementing such a strategy are prohibitive, more practical

strategies which function similarly appear to have potential.

From the standpoint of applying the equimarginal cost

principle of economic efficiency as discussed earlier, a subsidy

payment per ton of erosion reduction (STP) is an attractive targeting

strategy. The STP approach does not eliminate rents but assures

that BMPs will only be applied where the cost per ton of erosion

reduction is less than or equal to the subsidy rate. The STP

strategy in comparison to the uniform cost sharing would discourage

use of less cost effective BMPs and treatment of slightly eroding
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land and encourage use of more cost effective BMPs and treatment

of highly erosive land. Serious consideration of an STP strategy

is perhaps constrained by its pure or straight subsidy nature in

contrast to the traditional cost-sharing approach; however, variable

cost-sharing has some degree of the same efficiency characteristics.

A variable cost-sharing (VCS) pilot program is presently

being implemented with the context of the ACP with cost-share rates

dependent upon the magnitude of erosion reduction resulting from

the installation of a particular BMP on a particular type of field

(6). The VCS strategy was introduced because the historical

conservation programs have apparently not provided sufficient in

centives to induce adoption of practices on highly erosive land

with the typical uniform 50 percent rate of cost-sharing. The

basic notion behind VCS is that lack of participation by farmers

who possess the most erosive land is due to the net cost of imple

menting BMPs on this type land being in their estimation much

higher than the 50 percent offered by ACP programs to date.

Experience with this pilot program should prove valuable in

consideration of targeting strategies for the future.

It should be noted that any targeting efforts which maintain

a voluntary nature may be constrained by the level of information

and education on the part of farmers and their attitudes. If

farmers do not recognize significant on-site benefits in terms of

productivity maintenance and have no concern for off-site impacts

on their land use, priority allocation of funds or greater
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financial incentives (short of 100 percent cost-sharing) may have

little effect. Thus, the role of information/education and

technical assistance may be an important factor in the success of

targeting strategies.

III. RESEARCH IMPLICATIONS

The primary implication for future research priorities is

the need for analysis and evaluation of various targeting strategies

such as those outlined in this chapter. This can be done in part

by extending the IP model analysis of this study so as to simulate

the impact of various strategies but will also require analysis

of political feasibility and administrative cost. In addition,

consideration of alternative or multiple objectives to reflect

the interest in on-site soil productivity benefits as well as off-

site benefits would be appropriate, e.g., maximization of the

number of acres of classes lie, Ille and IVe land brought to soil

loss tolerance.

One particular technical need can be noted as well. The

estimation of annual soil loss rates is presently dependent upon

the Universal Soil Loss Equation (USLE) or the Wind Erosion Evaluation

(WEE) which are applicable only for the long-term effects of sheet,

rill and wind erosion (2). In the NFFD Watershed and various other

critically eroding areas of the United States, gully erosion com

prises a significant proportion of total gross soil erosion. The

USLE and WEE are not capable of estimating annual soil loss rates
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from gully erosion; thus, no reliable tool is available for deter

mining the effectiveness of such practices as SL-11 (establishment

of vegative cover on critically eroding areas), WP-1 (debris basins),

and WP-3 (grassed waterways in reducing soil erosion). Yet, these

practices accounted for approximately half the cost-sharing pay

ments in the NFFD Watershed project. Research in developing an

acceptable and reliable method for estimating annual rates of

erosion caused by gully erosion would greatly enhance research

capabilities for assessment of comparable cost effectiveness of

practices designed to control all types of erosion and would aid

in the development of present and future targeting strategies to

improve cost effectiveness of soil erosion control efforts.
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