THE ECONOMIC IMPACTS OF SOIL EROSION
AND -ITS CONTROL

by
CHRISTOPHER JAMES BADGER

B. S., RKansas State University, 1975

A MASTER'S REPORT
submitted in partial fulfillment of tﬁe
requirements for the degree
MASTER OF SCIENCE
Department of Agricultural Economics

KANSAS STATE UNIVERSITY
Manhattan, Kansas

1981

Approved by:

2 4a.c52
laj@gr Professor



'i A11200 OL&AB7L

CONTENTS

Page
LIST OF TABLES « % & = « 4« & s » # # 5 & ® = % #% & « +Lil
LIST OF FIGURES . & & = = @ s s s s % % % & # ® = & v

CHAPTER ‘
I. INTRODUCTION AND HISTORY . . . . . . . . ... 1

Farmland Inventory . . « + « + ¢ s+ « « « + » & 11
TT. THE PROBLEM . s + 4 s s % % & & & ® % » & 5 & 14
Study Objectives . . . . . . . . + « « « . . & 19

III. THE ECONOMICS OF ERCSION AND SOIL CONSERVATION 21

Computer Modeling and Input-Output Relation-
ships ¢« & % 4 5 ¢« &« 5 s # 5 & % @& & & & § 3 21

The Economics of Erosion Control at the Farm

Level & & 5 « &« & ¢+ # 5 8 & = & % % « = 5 3 26

The Economics of Erosion Control at the
Watershed Level . . . . . « « « « ¢« « « .« . 49
Regional and Substate Impacts . . . . . . . . 84
National Impacts . . « + « « « + & « o = « « =« 88
Other Impacts . . +. o « & & o o & o o « 2 » 89
IV, SUMMARY . =« s 5 s o & & & % » = % & « » = 95
BIBLIOGRAPHY . . . + +« + + « « &+ &+ & « o« « o« « « « . 104



THIS BOOK
CONTAINS
NUMEROUS PAGES
WITH DIAGRAMS
THAT ARE CROOKED
COMPARED TO THE
REST OF THE
INFORMATION ON
THE PAGE.

THIS IS AS
RECEIVED FROM
CUSTOMER.



Table

1.

10.

11.

12.

13.

TABLES

Actual Cost-Share Payments Earned by Recipi-
ents, Agricultural Conservation Program/
REAP/RECP 1936-1979 . . . . . . .« . .

Percentage of ACP Payments by Practice
Category, 1940-1979 . . . . . . "

Reduction in Yield as Soil is Depleted,
Southern Iowa Rivers Basin Report . . . . .

Specified Annual Cost of Soil Depletion,
Southern Iowa Rivers Basin Report . . . . .

Tillage Practices and Cropping Systems Which
Resulted in Reduced Costs Per Acre for Corn

Tillage Practices and Cropping Systems Which
Resulted in Reduced Costs Per Acre for
Soybeans . . .

Summary of Practice Costs and Net Returns,
Monroe County, Missouri . . . . . . .

Percentage Adjustments in Yields for Various
Levels of Management, Slopes, and Erosion
Conditiomns . . . . . . . . . ;

Annual Costs Per Acre for Soil Conservation
Practices, Monroe County, Missouri, 1976-
TO7B . &+ v o o o o ® = ® o o » 5 b B w a4 m &

Impact on Sheet and Rill Erosion - 23,911
Conservation Practices by Type of Practlce,
171 Sample Counties, A 1cu1tural Conserva-
tion Program, 1975-197 “ g . .

Average Cost Per Ton of Total Erosion Reduc-.
tion: Nine Conservation Practices, 171
Sample Counties, Agricultural Conservation
Program, 1975-1978 . . . . . . . . § w o

Average Cost Per Ton of Erosion Reduction by
Pre-Practice Erosion Rate, 171 Sample
Counties, Agricultural Conservation Program,
1975-1978 . = « @ v o & o 0 b e e e

Annual Sediment Damage With and Without
ReServolr & « 6 %« o s & 5 & & = & =

iii

Page

27

28

30

3l

aZ

36

39

45

. 45

47

56



Table
14,

15.

16.

17

18.

19,

20,

21,

22,

Crop Activities, Net Returns, and Soil Losses
for Three Basic Linear Programming Model
Solutions . . . i i o & N

Watershed Level Results as Allowable Soil Loss
is Incrementally Reduced from the Maximum Net
Return Basic Solution #2 . . . . . 5

Policy Simulation Results Average Price-Cost
Ratio . . . & . § 8 o5 & B B 5

Average Soil Loss Per Acre and Marginal Cost Per
Ton of Soil Loss Reduction for Various Erosion
Control Regulations . . . . . . .

Total Nine Farm Results of Subsidizing Conserva-
tion and Tillage Practices at Various Levels
Compared to Results Under Basic Solution #1 and
Watershed Level SCS Tolerance and Delivered
Sediment Constraint . . . . . . . . . . .

Offsite Damages for Big Blue Watershed at Various
Levels of Watershed Level Soil Loss Restrictions

Offsite Sediment Damages, Net Crop Return, and
Net Social Income Under Each Soil Loss Pollcy,
Big Blue Watershed 2 & PP e Em = om oo

Policy Effectiveness Groups, Nishnabotna Water-
shEd L - . - . . . . - - - . - L2 - - -

Unit Cost of Institutional Functions Required
to Implement Erosion Control Policies

iv

Page

.58

60

62

62

13

76

73

84

94



FIGURES
Figure Page

1. Marginal Private and Social Costs of Crop
Production With and Without Soil Conservation
Activities . . . . & v 4 i e e e e e e e e e . 51

2. Relationship Between Soil Loss Constraints,
Shadow Prices, and Total Net Farm Income as
Soil Loss Restrictions are Reduced or Shadow
Prices are Increased . . . . . ¢ « ¢ o o + « & 70



CHAPTER I
INTRODUCTION AND HISTORY

Soil erosion control policy in this country has a long
history. For more than 40 years the Soil Conservation Service
(SCS), the Agricultural Stabilization and Conservation Service
(ASCS), the Agricultural Conservation Program (ACP), and the
soil and water conservation districts have been components of
a program which relies on voluntary compliance and provides
economic incentives for farmers to implement soil comnservation

practices.! The ACP is administered by the Agricultural Stabili-

)
zation and Conservation Service (ASCS) of the United States Depart
ment of Agriculture. The network of ASCS state and county offices
is the focal point for ACP administration, with authority to
determine local conservation needs delegated to elected ASCS com-
mittees composed of farmers and ranchers. The ACP functions as
the funding and local decision-making arms of the ASCS while the
SCS provides technical assistance needed to implement erosion
control practices.

48 {The ACP was authorized by Congress in 1935 to begin solv-

ing é%e pressing land and water resource problems caused by severe
drought and economic depression. Farmers and ranchers were offer-
ed financial assistance for shifting acreage from soil-depleting
to soil-conserving crops and for carrying out soil-conserving and
soil building practices on cropland and pasture. Such practices
included increased acreages of legumes and grasses combined with‘

\=.
contour plowing, terracing, stripcropping, and cropland rotation.



""The ACP is currently authorized in sections 7 to 15, 1l6a,
and 17 of the Soil Conservation and Domestic Allotment Act (SCDA)
and Title X of the Agriculture and Consumer Protection Act of
1973. Sections 1 to 6 of the SCDA, enacted on April 27, 1935,
invested the Secretary of Agriculture with certain powers for
the control and prevention of soil erosion and provided for the
establishment of the SCS. Sections 7 to 17 were enacted on -
February 29, 1936, to replace, in part, certain provisions of
the Agricultural Adjustment Act of 1933 which were invalidated
by the Supreme Court on January 6, 1936.

(?nder the ACP, farmers are assisted through payments and
grants-in-aid to carry out approved soil and water conservation
measures:) The Secretary's authority to implement such a program
on a national basis was originally limited to a period of 2 years.
During that time, it was expected that a majority of the States
would enact legislation enabling them to develop and carry out
approved plans for achieving the following objectives: preserv-
ing and improving soil fertility; promoting the economic use and
conservation of land; diminishing the exploitation and wasteful
use of naticnal soil resources; protecting rivers and harbors
against the results of soil erosion-4s an aid to navigation and
flood control; and re-establishing, as determined to be practical
and in the general public interest, the ratio between the pur-
chasing power of the net income per person on farms and that of
the income per person not on farms that prevailed during the 5-

year period from August 1909 through July 1914.
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The Act of 1936 specified that the powers it conferred on
the Secretary should be used to assist voluntary action calcula-
ted to achieve its stated purposes. The Act also indicated that
due regard should be given to maintaining a continuous and stable
supply of agricultural commodities adequate to meet consumer
demand at prices fair to both producers and consumers. The Act
stated that the interests of small producers were to be protected,
'in every practicable manner.'

Upon approval by the Secretary of State plans to achieve its
purposes, the SCDA provided that the Secretary would make grants
to the States for carrying out those plans. State plans were to
be approved if there was a reasonable prospect that the purposes
of the Act could be substantially achieved through implementing
Staté plans, both individually and collectively. As stated in the
Act, the operation of the State plaﬁ was to 'reéult in a substan-

tial furtherance' in accomplishing the objectives of the Act, 'as
may reasonably be achieved through the action of such State.’

No State plan, however, was to be approved unless it provi-
ded that the agency to administer the plan be designated by the
Secretary of Agriculture and authorized by the State, or author-
ized by the State and approved by the Secretary; provided for
methods of administration, and participation in the administra-
tion of the plan by county and community committees or associa-
tions of agricultural producers organized for such purpose; and
provided for the submission of reports on the administration

of the plan, as required by the Secretary, and to make possible

the verification of such reports.
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On nine separate occasions, Congress extended the authority
of the Secretary to make grants to states for the administra-
tion of the ACP. However, only one State submitted a plan as
required by the Act, and it was not acceptable. Finally, on
September 27, 1962, the State plan provisions of the original
Act were repealed. Congress then granted the Secretary continu-
ing authority to carry out the program on a national basis.

The Act authorized the Secretary to utilize county commit-
tees of agricultural producers in the administration of the
program until a State plan was submitted. When the States
failed to submit acceptable plans as required by the Act, Con-
gress amended the SCDA to require the Secretary to use local
and State committees in the administration of the program.

Local committees were to be elected from among farmers in each
of the program's administrative areas (generally counties).
State committees were to be composed of farmers who were legal
residents of their respective States and appointed by the
Secretary.

Public Law 92-419, enacted on Avzust 30, 1972, extended
the objectives of the ACP to include the prevention and abatement
of agricultural and related pollution.

In December 1972, funds appropriated for the program were
impounded and program operations terminated. However, when the
impoundment decision was overruled (by Congress), severe restri-
ctions were imposed (by the Executive Branch) on the use of

funds for the 1973 and 1974 programs. These restrictions
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stimulated a congressional réaction in which appropriation
language required that county and State committees have author-
ity to select the practices to be eligible for cost-sharing
(in the 1975 program) from among the same list of nationally
approved practices offered for the 1970 program. This langu-
age appeared in the approoriation Acts governing the 1976, 1977,
and 1978 programs.

Specific policy direction for the ACP was provided in the
Food and Agriculture Act of 1977. Section 1501 of that Act
(Public Law 95-113) specified that eligibility for assistance
under the ACP would be based on the existence of a conservation
or environmental problem which reduces the productive capacity -
of land and water resources or causes degradation of the environ-
ment. In determining the level of assistance, the Secretary is
to consider the extent of the conservation or environmental
benefits accruing to society from improved conservation practices;
the cost of corrective measures or practices; the degree to
which appropriate practices would be applied in the absence of
assistance; and, the extent to which producers benefit from
other conservation and environmental protection programs.

Public Law 95-113 also directed the Secretary, in formu-
1ating the national program, to consider the need to control
erosion and sedimentation from land and to comserve water
resources on such land; control pollution from animal wastes;
facilitate sound resource management systems through soil and

water conservation; encourage voluntary compliance with
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requirements to solve point and nonpoint pollution problems;
consider national priorities reflected in the National Envir-
onmental Policy Act and other congressional and administrative
directives; and consider the degree to which assistance contri-
butes to a continuous supply of food and fiber and the type
of measures necessary to improve water quality in rural America.
Beginning with the 1979 program, changes in the appropri-
ations language relaxed the constraints on the Secretary's
authority to administer the program and mandated increases in
its problem-solving orientation. Public Law 95-448 appropri-
ated funds for the ACP to be used to purchase conservation
materials and services to carry out essential and enduring
conservation and environmental protective measures. To be eli-
gible for assistance under the reformed program, practices must
be selected by the county ASC committees and approved by the
State ASC committees and the Secretary. No assistance is to
be offered for carrying out measures or practices that are
primarily production-oriented or that have little or no
conservation or pollution abatement benefits."l
Table 1 reflects the level of financial assistance provided
to landowners since the program's inception. Expenditures for
the program reached nearly $300 million in 1944, including

funds for the production adjustment features of the program

1Nat10nal Summary Evaluation of the Agricultural Conservation

Program, Phase I (Washington, D.C.: United States Department of
Agriculture, 1981), Agriculture Stabilization and Conservation

Service, pp. 3-5.
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as well as for conservation purposes. As evidenced by the
table, the funding levels in 1972 dollars have ranged from
$884,911,000 in 1944 to $64,049,000 in 1974. Table 1 includes
any amounts earned through the Rural Environmental Assistance
Program (REAP) and the Rural Environmental Conservation Program
(RECP).

At first, ACP functioned partially as a mechanism to trans-
fer federal funds to farmers struggling to survive when the
economy in general, and the agricultural sector particularly,
were severely depressed. In the late 1930's, the program
reached 3.7 million farmers and covered nearly 65 percent of
the total cropland area in the contiguous states. Emphasis was
on acreage allotments for major crops and aid to farmers in
carrying out soil building practices. Gradually, the program
emphasis shifted with changes in the agricultural economy and
with legislative adjustments. The acreage allotment function
was separated from ACP, and practices were added to meet soil,
water, woodland, and wildlife conservation needs. By the late
1940's and early 1950's, practices involving vegetative cover
constituted about 73 percent of program assistance. Structural
practices such as terraces, diversions, waterways, and strip-
cropping accounted for about 15 percent of total program

assistance.



TABLE 1

ACTUAL COST-SHARE PAYMENTS EARNED BY RECIPIENTS
AGRICULTURAL CONSERVATION PROGRAM/REAP/RECP 1936-7%

Program Year Total Amount Earned _ Total Amount Earned

{Nominal Dollars) ’ (1972 Dollars)
7 $1,000 $1,000

1938 - 60,266 265,773
1937 90,431 398,801
. 1938 92,922 409,786
1839 115,439 509,086
1940 114,830 508,400
1941 ) 122,220 439,992
1942 - 166,840 505,528
1543 214,132 629,548
1944 293,017 884,911
1945 230,394 721,133
19486 267,088 884,055
1947 244,052 695,548
1948 124,257 315,613
1949 223,573 534,338
1950 251,592 , 631,496
1951 245,623 520,721
1852 214,918 440,582
1953 184,986 ) 368,122
1954 138,857 274,937
1955 186,811 366, 150
1956 213,878 . 399,952
1957 214,632 386,338
1958 215,316 370, 324
1958 - 208,565 354,561
1960 212,565 359,235
1961 229,077 382,559
1962 218,477 ; 353,233
1963 213,622 337,523
* 1964 214,475 330,281
1965 216,488 322,567
1966 210,603 301,182
1967 221,684 305,924
1968 199,787 261,721
1269 185,377 231,971
1970 180,893 209,836
1971 146,294 137,998
1972 196,382 196,382
1973 195,600 185,820
1974 74,475 64,049
1875 138,700 108,186
19786 134,731 99,701
1977 175, 347 122,743
1978 166,525 108,241
1979 232,781 137,341
Total 8,198,720 15,390 .3296

Somrce: Narional Summarv Evaluacion of the ier*cs_'"'=7
Conservatlion Zragrszm, -nase . (Wwasaingtonm U. unitad Stacss

Denartmenc 0= Agrlcul“u*a, 13 *), Agricuf“u:aY "Seabilization

and Comservation Services, 9.




In the early 1970's, specific practices were added to help
correct environmental pollution problems associated with farming,
including animal waste and pesticide control practices. Other
changes in the program during the 1970's placed emphasis on
longterm agreements with farmers and ranchers to install complete
conservation systems on their land. Emphasis was also placed on
"enduring" conservation practices as opposed to "temporary"
practices. By the mid-1970's, more than 90% of the ACP funds
were cost-shared for measures identified as '"enduring'" practices.
The estimated percentage of ACP payments expended under the
general practice category for‘selected years over the life of

the program is shown in Table 2.

TABLE 2
PERCENTAGE OF ACP PAYMENTS BY PRACTICE CATEGORY, 1940-79.

Practice Type Year
1940 1950 1960 1970 1980
Soil Loss 85.0 85.3 64.3 57.6 59.3
Water Conservation 8.7 9.8 18.1 21.7 20.4
Water Quality % § 4.6 13.1 15.5 18.4
Forestry and Wildlife 1.5 . 4.5 5.0 1.9

Figures do not necessarily add to 100 percent. Some of the
practices were not applicable to the categories selected.

Figures were supplied by ASCS.

Source: National Summary Evaluation of the Agricultural Conser-
vation Program, Phase 1 (Washington D.C.: ﬁﬁ%tea States Depart-
ment of Agriculture, 1981), Agricultural Stabilization and
Conservation Service, p. 8.
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¥

on a new legislative mandate which includes the following long-

Beginning with the 1979 ACP, program operations were based

term program objectives: control of erosion and sedimentation
from agricultural operations, conservation of water resources,
improvement of water quality in rural America, control of pol-
lution from animal waste, achievement of national priorities
reflected in the National Environmental Policy Act of 1969 and
subsequent environmental legislation, and contribution to the
national objective of assuring a continuous, adequate supply of
food and fiber.) |

<;§inancial incentives are to be limited to practices that
result in effective solutions to conservation and environmental
problemsj} The expenditure of funds that does not contribute to
program objectives is to be avoided by prohibiting cost-sharing
for practices that return an immediate benefit or that have little
or no soil or water conservation or pollution abatement benefits.
Since 1979, provision for enduring solutions to conservation and
environmental protection problems is accomplished by requiring
particirants to maintain practices for a specified number of
years (lifespan) as a condition of cost-sharing. Failure to
maintain a practice for the specified lifespan requifes a refund
of all or part of the cost-share.2 .

Within the direction established by State and national

policies, the county committees have full authority to administer

the ACP. This authority includes identifying conservation

2National Summary Evaluation, pp. 6, 8.
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problems, setting priorities, selecting appropriate cost-share
practices, setting levels of cost-sharing, approving applicatioms,
entering into contractual obligations, and making payments for
completed conservation work. Funds are allocated to states based
somewhat on their respective conservation needs. Information
obtained from inventories of farmland resources is used as the
general basis for determining each state's funding need and its
allocation from appropriated funds. State ASC committees then
allocate State funds to county committees.

qu Today there are 34 programs relating to soil and water con-
servation in agencies in the U.S.D.A. alone. \ There is some type
of state soil conservation in all 50 states, Puerto Rico,'and the
Virgin Islands. [There are 2,950 local conservation districts
established under various state laws, and there are more than 2
million farmers and ranchers cooperating in conservation programs

by applying conservation practices to their land;)

A. TFarmland Inventory

Because land resource inventories are used to help distribute
soil conservation funds it is useful to examine the results of a
comprehensive inventory authorized by the 1978 Resources Conserva-
tion Ace (RCA), as well as the National Resources Inventories con-
ducted in 1977 by the SCS. In the RCA Appraisal-Part I, several
facts about our land stand out. Only about one-sixth of the total
surface area of the United States - about 2.4 billion acres (total:
include U.S., Puerto Rico, and the Virgin Islands) - is now avail-

able for growing crops. About 99 million acres of the total area
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are covered by large bodies of water. Of the acreage that
remains, about one-third is federal land, most of it in the West,
and two-thirds - about 1.5 billion acres - is owned by indivi-
duals, by business and industry, and by states, counties, cities,
and other units of govermnment.

According to the National Resource Inventories, which were
conducted by the SCS in 1977, the 1.5 billion acres are divided

as follows:

413 million acres of cropland (27.37)

548 million acres of graziﬁg land (36.27)
377 million acres of forest land (24.97)

175 million acres in other uses (including urban and
built-up areas, highways, and airports, 11.67).

Lists of statistics tend to "freeze' pictures of land use
in America, but in reality cropland shifts in and out of pro-
duction. Between 1967 and 1975, for instance, 53 million acres
shifted from cropland to pasture and 32 million acres shifted
from pasture to crops. From 1967 to 1975, about 8 million acres
of prime farmland were taken from agriculture - 6.5 million
acres converted to urban and built up areas and 1.5 million
acres to water areas. The 1977 data confirmed previous estimates
that homes, factofies, roads, and other similar uses are absorb-

ing rural land at a rate of about 3 million acres a year.3

3Soil and Water Resources Conservation Act - Summary of
Appraisal, Parts I and 11, and Progggm 1 Report (Athens: United
States Department of Agrlc ulture, 1980), p. 5.
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Prime farmland is that land best suited for producing food,
feed, fiber, forage, and oilseed crops. Designation of cropland
as "prime'" indicates that it has a combination of soil charac-
teristics, water supply, and climate conduciﬁe to continuously
high crop yields under proper management. An important charac-
teristic of prime farmland is a capability for maximum crop
yields with a minimum of other inputs. Loss of prime farmland
forces farmers to grow crops on marginal lands, which usually
are more erodible, droughty, difficult to cultivate, and less
productive. Two increasingly scarce resources - water and energy
can be saved if agricultural production is carried out on prime
farmland.®

In 1977 about two-thirds of the nation's 348 million acres

3 Of the remaining one-third,

of prime farmland was in crops.
42 million acres were in forest land, 40 million in pasture and
native pasture, 23 million in rangeland, and 11 million in farm-

6 Between 1967 and 1975 about

steads, farm roads, and other uses.
1 million of the 3 million total acres lost per year were from

prime farmland.7

&W. E. Larson, "Protecting the Soil Resource Base,” Journal
of Soil and Water Conservation, 36 (January-February, 1981), 13.

5Nationa1 Agricultural Lands Study (Washington, D.C.: Counci
on Environmental Quality, 1980), Interim Report No. 1.

68011 and Water Resources Conservation Act - The 1977 Nationa
Resource Inventories (Athens: United States Department of Agricul

ture, 1980).

71bid.




CHAPTER II

THE PROBLEM

The public is becoming increasingly concerned
about the irreversible depletion of natural
resources. Soil is one of those resources that
is being consumed at an increasing rate. His-
torically, the cost-price squeeze in agriculture
has accelerated the trend toward intensive farm-
ing. This pressure to produce 200 bushels of
corn where 100 were produced before has mani-~
fested itself in many ways.

Many soils with a shallow layer of topsoil have
already been depleted to the point where they
cannot be used for row crop production. Other
soils with deeper topsoils or productive sub-
soils have been kept productive only by substi-
tuting increased amounts of fertiliger for the
depleted natural soil productivity.

It has been estimated that of approximately 414 million acres of
arable cropland in the 48 states, a total of 50 million acres-
have been ruined by soil erosion insofar as crop production is
concerned; 50 million acres have been severely damaged; 100 millio
acres have lost more than one-half of original topsoil; and ano-
ther 100 million acres have lost more than a quarter of the top-

9

soil.’ Another study indicates that 272 million acres of cropland

in the 48 contiguous states is in need of some type of conmservatic

8Lacy I. Harmon, Russel L. Knutson and Paul E. Rosenberry,
Soil Depletion Study - Reference Report: Southern Iowa Rivers
Basin (Washington, D.C.: United States Department of Agriculture,
1979), p. 1.

9N. Hudson, Soil Conservation (Ithaca: Cornell University
Press, 1971).
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