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INTRODUCTION

The development and implementation of agricultural non-point
source (NPS) pollution control plans was mandated by the 1972 Federal
Pollution Control Act Amendments, Public Law 92-500. The purpose
of this particular report is to present the results of a study on
the economic jmpact of implementing potential agricultural NPS
pollution controls in Lower Running Water Draw watershed. The
study focuses on: (a) the effects of erosion control on farm in-
come; (b) off-site sediment damages in the watershed; (c) the costs
of administering and enforcing alternative erosion controls; and
(d) on-farm economics of soil conservation practices. Erosion
controls considered include the traditional voluntary programs com-
bined with economic incentives as well as possible regulatory
programs.

The focus of the study is on erosion and sedimentation because
sediment is a potential transporter of pollutants. Practices to
control agricultural non-point source pollution would probably be
aimed at reducing soil loss. Conservation and conservation related
practices are, at present, considered the best technical practices
to abate agricultural non-point source pollution.

This is a study of both conservation and environmental econo-
mics, two areas that tend to be closely related. For this pro-
ject, the concern was over potential pollution (an off-site prob-
lem), but because of long-run farm income consequences, this con-

cern cannot be separated from conservation problems (an on-farm



problem). Accordingly, the report contains substantial informa-
tion on the short and long-run on-farm benefits and costs of vari-
ous soil conservation practices for the specific soil mapping units
in Lower Running Water Draw watershed. The results of this study
are applicable to the majority of the soils in the High Plains

Land Resource Area. Only sheet and rill erosion are considered in
the study.

The first section of the report describes the selected "Best
Management Practices" and examines the on-farm economics of soil
conservation. The second section postulates various sediment damage
control options and models the economic consequences of implemen-

tation, both to agricultural producers as a group, and to society.



DESCRIPTION OF THE WATERSHED

Lower Running Water Draw watershed (Figure 1) is located in
the Southern High Plains Land Resource Area. It covers an area of
220.29 square miles or 140,985 acres in Hale, Lamb, Swisher, and
Castro Counties, Texas. Running Water Draw is the uppermost head-
water tributary of the Brazos River, It begins about 25 miles
northwest of Clovis, New Mexico, and flows east-southeastward ap-
proximately 150 miles crossing the High Plains section of the Great
Plains province. It flows through the city of Plainview in Hale
County, Texas and becomes the White River at the eastern edge of
the High Plains.

Lower Running Water Draw watershed lies entirely within the
High Plains Land Resource Area which is characterized by an extremely
flat surface with a gradual slope towards the southeast at an aver-
age of 8 to 10 feet per mile. This plains surface in the area of
the watershed in question, is interrupted only by many flat-bottomed
basins or "playas" and the narrow entrenched valley of Running
Water Draw.

Elevations within the watershed range from approximately
3,875 aboye mean sea Tevel along the watershed divide at the western
boundary of Castro County to approximately 3,265 feet in the valley
floor at the eastern boundary of Hale County.

Surface material consists of Recent and Pleistocene soil, slope-
wash, and valley fi1l and lake deposits of clay, silt and sand.
The actual surface texture of soils in the watershed range from

clay to fine sandy Toam. The Amarillo fine sandy loam, Olton loam,
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and Pullman, Acuff, and Olton clay loams are soils that are clas-
sified as nearly level to gently sloping. These soils are deep and
slowly to moderately permeable. Potter loam and fine sandy loam
are extremely shallow, strongly calcareous, sTowly permeable, and
occur on valley slopes up to 20 percent. Berda clay loam, and
Mobeetie fine sandy loam, which are deep, calcareous, and moderately
permeable make up the alluvial fans and footslopes in the valley.
Spur and Bippus clay loams are deep, dark, slowly to moderately
permeable bottomland soils, while clay loams of the Lofton series
and clay and fine sandy loam of the Randall Series are lakebed or
“playa" deposits. Individual soil mapping units and their extent
in the watershed are given in Table 1.

As can be seen in Table 2, an estimated 71 percent of the
watershed is in cropland. Twenty-five percent of the watershed
is planted in cotton; 38 percent in feed grains; 6 percent in small
grains; less than 1 percent in minor crops, 7 percent is pasture,
10 percent is rangeland, and 12 percent is in miscellaneous uses
such as urban area, farmsteads, roads, railroads, and stream chan-
nels. Nearly all cropland is irrigated and occurs primarily on
the nearly level plains surface. However, there is some cropland
acreage on the valley slopes. A Targe majority of this land is
irrigated with direction of flow parallel to the siope.

Range sites in the watershed are Deep Hardland, Mixed Land,
Shallow Land, and Bottomland. The predominant vegetation consists

of the following types of grasses: blue grama, sidecats grama,



Table 1. Total and irrigated acreage by soil mapping unit in the Lower
Running Water Draw watershed.2

Irri-

Soil Table Total gated

Series Abbrev, Acreage Acres

Acuff Toam, 0-1% slope ALO1 2,921 2,337
Acuff loam, 1-3% slope ALT3 3,929 1,965
Acuff loam, 3-5% slope AL35 234 0
Amarilio fine sandy loam, 0-1% slope AFOI1 122 92
Amarillo fine sandy loam, 1-3% slope AF13 232 116
Amarillo fine sandy loam, 3-5% slope AF35 36 0
Berda loam, 1-5% slope BL15 2,140 0
Berda loam, 5-8% slope BL58 1,943 0
Bippus fine sandy loam, 0-1% slope BFO1 367 92
Bippus fine sandy loam, 1-3% slope BF13 367 0
Bippus Toam, 0-1% slope BIOT 5,982 4,487
Bippus loam, 1-3% slope BI13 1,678 420
Bippus and Spur soils BSPU 1,430 0
Drake clay loam, 1-3% slope DL13 179 30
Drake clay loam, 3-8% slope DL38 302 0
Estacado loam, 0-1% slope ELOT 4,662 3,497
Estacado loam, 1-3% slope EL13 5,298 3,444
Lipan soils LIPN 503 0
Lofton clay loam LOFL 3,793 3,034
Mansker loam, 0-3% slope MLO3 5,971 2,388
Mansker loam, 3-5% slope ML35 3,938 0
Mansker-Berda soils MANB 1,177 0
Mansker-Estacado soils MANE 1,546 309
0lton loam, 0-1% slope oLo1 16,337 15,520
01ton loam, 1-3% slope OL13 4,546 4,319
0lton loam, 3-5% slope OL35 43 9
Posey fine sandy loam, 0-3% slope PFO3 1,833 1,466
Posey soils, 3-5% siope . PF35 400 0
Potter gravelly loam, 0-3% slope PGO3 870 0
Pullman clay loam, 0-1% slope PLO1 45,199 . 42,939
Pullman clay loam, 3-5% slope PL35 1,906 1,525
Randall clay RANC 3,811 0
Roscoe soils ROSC 200 0
Zita loam, 0-1% slope ZLO1 192 173
Zita loam. 1-3% slope ZL13 96 86
Tntal Acreage 123,183 88,308

4source: Soil and Water Conservation Service



Table 2. Average land use in Lower Running Water Draw watershed for
the 1970-1975 period.a

Land Use Acreage Percent
Cropland

Cotton 34,707 24.6
Grain Sorghum 44,307 31.4
Wheat, Small Grains 10,003 7.1
Corn 2,200 1.6
Soybeans 8,302 5.9
Minor Crops 500 .4

. 100,019 71.0

Pasture and Rangeland 24,460 17.3
Miscellaneous” 16,506 1.7
Total 140,985 100.0

aSource: Soil and Water Conservation Service

bInc]udes roads, highways, railroad right-of-ways, towns,
farmsteads, stream channels, etc.



buffalograss, 1ittle bluestem, vine mesquite, and western wheat
grass. Other common vegetation includes scattered yucca, cholla,
pricklypear, and sand sagebrush. If the range is grazed too closely,
the better grasses die out, being replaced by less desirable vege-
tation such as sand dropseed, three-awn grasses, yucca, sand sage-
brush, mesquite, and broom snake weed. Continued use for grazing
during this stage will increase the chances of wind and water
erosion.

The climate in the watershed tends to be of a semiarid nature.
Summers are warm and predominantly clear, and the winters usually
are mild. The mean temperatures range from 39 degrees F in Jan-
uary to mean 79 degrees F in July. Normal growing season is from
April through QOctober or approximately 206 days. Average rainfall
is between 17.5 and 19.0 inches. Most rainfall occurs between
April and October with approximately 10 inches of snow falling each
year. Hail storms often severly damage crops during spring and
early summer. Tornadoes generally occur each year, while severe
windstorms are common in late spring.

The Lower Running Water Draw watershed is a Public Law 566
watershed protection project area. A system of land treatment mea-
sures and four floodwater retarding structures have been erected.
The land treatment consists of measures, or combination of measures,
which contribute directly to watershed protection, flood prevention,
and sediment control. The four floodwater retarding structures
have a combined storage capacity of 20,376 acre-feet including 13,082
acre-feet for floodwater detention and 7,294 acre-feet for sediment

accumutation.



In a 1976 survey of conservation problems in Texas, agricul-
tural non-point source pollutants in the High Plains Area were
Jjudged by Soil and Water Conservation District Directors to be a
problem of slight to moderate severity, as were floods. They were
ranked fifteenth and eighteenth, respectively, among the area's
problems. However, water erosion, as a soil management problem, and
the economics of conservation were ranked eighth and fifth, respec-
tively, being considered problems of slight to fairly moderate pro-
portions. Thus, the on-farm economics of conservation and water
erosion problems is viewed as more critical than the off-farm
down stream flooding and pollution problem. The complete survey

results for the High Plains Land Resource Area are given in Table 3.
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Table 3. So¢il and water conservation district director's ratings of
conservation problems in the High Plains Land Resource Area

Change in Con-
Present dition in Past
Conservation Problems Rank Severity 10 Years

Water-Related Problems
Non-Point Source Pollution
Agricultural Non-Point

Source Pollutants 15 1.37 0.15
Silvicultural Non-Point
Source Pollutants 24 0.57 0.02
Mining Operations Non-Point
Source Pollutants 22 0.82 -0.12
Construction Site Non-Point
Source Pollutants 19 1.02 -0.15
Waste Disposal Non-Point
Source Pollutants 16 1.30 -0.17
Salt Water Intrusion 18 1.10 -0.02
Hydrologic Modifications 23 0.67 -0.02
Floods 18 1.10 -0.07
Inadequate Drainage 20 1.00 -0.10
Inefficient Irrigation Systems 7 1.95 0.52
Improper, Use of Ground Water 10 1.77 0.67
Soil Management Problems
Water Erosion 8 1.92 0.20
Wind Erosion 3 2.15 0.60
Soil Compaction 13 1.60 0.22
Inefficient Tillage Systems 11 1.72 0.60
Salinity 2l 0.90 0.15
Loss of Soil Moisture 6 1.97 0.35
Plant Management Problems
Undesirabie Brush & Weeds 9 1.87 -0.35
Weeds on Cropland 2 2.17 -0.15
Difficulty of Grass
Establishment 1 2.20 0.25
Overgrazing 10 1.77 0.17
Qther Problems, Issues, & Policies
Economics of Conservation 5 2.05 -0.50
]Sca1e of. Present Severity 23ca1e of Change in Condition
0.0 - 1.5 Slight to None -1.5 to -2.5 Much Worse
1.5 - 2.5 Moderate -0.5 to -1.5 Worse
2.5 - 3.5 Severe -0.5 to 0.0 Slight Decline
3.5 - 4.5 Very Severe 0.0 to 0.5 Slight Improvement
0.5 to 1.5 Better
1.5 to 2.5 Much Better

aSource: Association of Texas Soil and Water Conservation
District Directors.
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THE APPROPRIATE PLANNING HORIZON AND
DISCOUNTING FUTURE BENEFITS AND COSTS

The effect of soil conservation and erosion control on the
agricultural economy is felt over a period of years as the mix of
inputs change for a given output. Erosion carries away the top-
soil reducing soil fertility and thus reducing crop yields. If
erosion is slowed, future crop yields will be higher than they would
otherwise have been, given the same level of management.

Farmers make many short-run decisions because they are con-
cerned with next year's income. On the surface this suggests that
farmers would use a short time horizon for planning conservation
practices. However, most farmers are concerned about the future
value of their land in addition to income flow. Inasmuch as the
agricultural component of land values is the capitalized value
(present value) of a highest and best use profit stream into per-
petuity, and given the limited alternate uses for agricultural land
in this part of Texas, the value of the Tand is tied closely to
its future agricultural productivity. Thus, it was important that
this study consider not only present productivity but also the ef-
fect on future productivity, and hence, land values of cropping
and conservation practices. Therefore, a long planning horizon
is appropriate for determining the best combination of crop rota-
tions--conservation practices a landowner should employ. In order
to emphasize this point and to demonstrate the importance of the
length of the plarning horizon, calculations were made for time

horizons of 10, 100 and 200 years.
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Discounting Future Benefits and Costs

As a point of reference from which to calculate the present
value of future benefits and costs, 1977 was designated the base
year.

A11 future benefits and costs were discounted to 1977 dollars
using standard discounting techniques and a real interest rate of
1.5 percent. The 1.5 percent rate was arrived at by subtracting
the average inflation rate of the last ten years which is 5.8
percent from the 7.3 percent average private interest rate charged
by banks over the same 10 year period.

The present values of net returns associated with particular
crop production activities are given in this study. Present value

of net returns was computed as:

e BB )" - G ()
where

T = summation of discounted benefits and costs over time
t = time, in years
Bt = gross benefits in year t
€y = gross costs in year t
i = interest rate minus inflation rate

.(T%TJ = discount rate

—
1

Tength of planning horizon
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ON-FARM ECONOMICS OF SQIL CONSERVATION

Examination of the on-farm economics of s0il conservation
and thus the farm income consequences of non-point pollution controls
requires an immense amount of technical and economic information
specific to the watershed. The data required for this type of
analysis includes: (a) the expected yields of all relevant crops
for each soil in the watershed; (b) expected prices, both current
and future, for each crop and its associated production costs;

{c) additional costs for the applicable conservation practices;
(d) expected soi1 loss associated with each cropping practice-soil
series combination; (e) and the effects of crop rotations on the
yield of individual crops. These data were combined to estimate
the net present value return associated with each crop rotation-
conservation practice-mapping unit combination for time horizons

of 10, 100 and 200 years.

Crop Yield

Table 4 gives the expected yield of the major crops in Lower
Running Water Draw watershed for each soil mapping unit plus the
yield of range grasses that could be expected if the Tand is not
cropped. A1l yields are for a typical Tevel of management and
input quality. Dryland crops are capable of being grown on the given
soil series, but at present time, most cropland is being irrigated.
The yield data were furnished by Soil Conservation Service and
Texas Agricultural Extension Service personnel familiar with the

area.
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Table 4.

Crop yields for each soil mapping unit.?

Irrigated

Dryland

Grain

Grain

Soy-

Sor-

Cotton

Sor-

Cotton

Lint ghum Wheat Range Lint ghum Wheat Corn beans
{bu) (bu) (AUM) (1bs) {(bu) (bu) (bu)  (bu)

(1bs)

Soil
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sion Service Personnel.

aSource:
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Crop Prices and Production Costs

Expected prices were defined as the average price received
by Texas farmers for the specified crop between 1958-1976 adjusted
to 1977 dollars by the index of prices paid for production items.
This was done in order to establish as stable a set of Tong run
price relationships as possible while at the same time tying prices
to production costs.

Table 5 1ists the production cost data. This production cost
information was developed from a set of 1977 crop budgets for the
High Plains Land Resource Area prepared by the Texas Agricultural
Extension Service. The basic cost data was modified to fit each
soil mapping unit. The modification consists of: (a) changing
the harvest costs proportional to the yield for that crop for
each rotation; and {(b) adding the appropriate costs of the specified
conservation practice. As the yield is reduced due to the effect
of soil erosion the harvest cost per acre is proportionally reduced
but the preharvest costs and equipment costs remain constant.

For contouring, preharvest machinery and labor costs were increased
by 10 percent. The added cost attributable to terracing was assumed
to be the discounted sum of: (a) initial construction cost (Table 6);
(b} an annual maintenance cost equal to five percent of the construc-
tion cost; (c) the cost of rebuilding.terraces every 10 years,

assumed to one-third of the construction cost; and (d) an increase

in preharvest machinery and Tabor costs of 20 percent. Terracing

construction cost are Tisted by soil mapping unit in Table 6.
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Table 6. Terrace construction costs, average thickness of topsoil
and yield loss equations by soil mapping unit.a
Terrace Construction Costs for: Average Yield
Topsoil Loss
Soil Close Grown Row Thickness Equation
Crops ($/acre) Crops ($/acre) (inches) (See Fig. 2)
ALOT 29.04 38.84 12 B
AL13 43,78 58.08 12 B
AL35 77.10 87.12 8 B
AFO1 29.04 38.84 11 B
AF13 49,78 58.08 g9 B
AF35 77.10 87.12 8 B
BL15 65.50 74.46 10 C
BL58 77.10 87.12 8 C
BFO1 29.04 38.84 18 C
BF13 49.78 58.08 15 C
BIO1 29.04 38.84 9 C
BI13 49.78 58.08 8 C
BSPU 29.04 38.84 12 C
DL13 49,78 58.08 10 C
DL38 77.10 87.12 8 C
ELOT 29.04 38.84 16 B
EL13 49,78 58.08 12 B
LIPN 29.04 38.84 18 C
LOFL 29.04 38.84 9 B
MLO3 49,78 58.08 6 B
ML 35 77.10 87.12 5 B
MANB 65.50 74.46 7 B
MANE 49,78 58.08 10 B
0LO1 29.04 38.84 14 B
OL13 49,78 58.08 12 B
OL35 77.10 87.12 11 B
PFO3 49.78 58.08 10 B
PF35 77.10 87.12 6 B
PGO3 49.78 58.08 8 A
PLOT 29.04 38.84 10 B
PL35 49,78 58.08 8 B
RANC 29.04 38.84 24 C
ROSC 29.04 38.84 i C
ZL01 29.04 38.84 12 B
ZL13 49.78 58.08 10 B

aSour'ce:

Texas Soil and Water Conservation Board and Texas
Agricultural Extension Service.
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Crop Rotations

Crop rotations rather than just single crops were considered
in this study for two reasons. First, the previous crop influences
erosion from the current crop, and average erosion for a rotation
is not a simple average of erosion of the crops grown continuously.
Secondly, rotations were considered because the yield of some crops
will be higher (or lower) when grown in rotation with another crop.

Table 7 lists the crop rotations that were considered and the
yield changes assumed for the cropping combinations. The yield of
cotton grown continuously was reduced seventeen percent since the
cotton crop enterprise budget was based on cotton produced in
rotation with small grains. Centinuous cotton would not benefit
from the plant nutrient carryover or organic residue left by the
small grain crop in a rotation and thus, over time the expected
cotton yield would be Tess. Cotton grown in rotation with sorghum
or corn was penalized five percent due to the fact that while sorghum
and corn would provide some fertility carryover, it would not be
as great as the carryover from smail grains. The yield of cotten
with small grains or cotton in a three year rotation was not de-
creased. Sorghum yields were increased seven percent in two year
rotations with cotton and fourteen percent in the three year rota-
tion. This yield increase is attributable to Johnson grass control and
fertility carryover in the various rotations. Small grains in ro-
tation with cotton, corn or sorghum were reduced ten percent as the

small grains would have to be planted Tate and on stalk ground.
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Crop rotations considered in the analysis, associated USLE

"C" factors and the additional yield resulting from grow-
ing a crop in rotation with another crop.2

Rotation and Added Table "
Yield {in percent) Abbrev. Factor
Dryland
Cotton (-17) C .60
Grain Sorghum S .55
Wheat, Small Grains W .10
Range R .04
Cotton/Wheat (-10) C/W .30
Cotton (-5)/Sorghum (7) C/S .55
Sorghum (7}/Wheat (-10) S/W .30
Cotton/Sorghum (14)/Wheat (-10) C/S/W .35
Irrigated

Cotton (-17) C-1 .60
Grain Sorghum S-1 .55
Wheat, Small Grains W-1I .10
Corn CN-1 .55
Soybeans SB-1 .60
Cotton/Wheat (-10) C/W-1 .30
Cotton (-5)/Sorghum (7) C/S-1 .55
Sorghum (7)/Wheat (-10) S/W-1 .30
Cotton/Sorghum (14)/Wheat (-10) C/S/W-1 .35
Cotton (-5}/Corn C/CN-1 .55
Wheat (-10)/Corn W/CN-1 .30
Corn/Soybeans CN/SB-1 .5bh

4Source: Soil Conservation Service and Texas Agricultural

Extension Service.
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The Tate planting would decrease the moisture available for plant
growth and the stalks would interfere with field preparation and

uniform seed placement.

Soil Loss Factors

The universal soil Toss equation was used to calculate gross

soil Toss in the watershed. This equation is:
A = RK(LS)CP

where A is gross erosion in tons per acre per year, R is a rainfall
erosivity index, K is a soil-erodibility factor, LS is a topographic
factor that represents the combined effects of slope Tength, and
steepness, C is a cover and management factor, and P is a conser-
vation practice factor. Values for all of these factors were
furnished by the Soil Conservation Service and are reported in Tables
7 and 8. Also shown in Table 8 are the erosion tolerance limits,
or "T" values, that have been established for each soil. Theore-
tically, if erosion is Tess than this T value, Tittle or no yield
reduction results from the soil loss. These T values are treated
as potential constraints on erosion in one part of the economic
analysis that is presented in a later section of this report.

Table 9 shows estimated per acre sheet and riTl erosion rates
for each soil mapping unit-conservation practice-crop rotation com-

bination considered in the study.

Yield Loss Attributal to Eresion

In a long-run analysis of soil conservation the relationship

between erosion and future crop yield is critical. This is because
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Table 8. USLE factors by soil mapping unit for Lower Running Water
Draw watershed.@

USLE FACTORS

K LS LS P P T
Soil Without With Con- Ton/Acre/
Terraces Terraces touring Terracing Year
ALOI 0.28 0.14 0.14 1.00 1.00 5.0
AL13 0.28 0.20 0.20 0.60 0.60 5.0
AL35 0.28 0.35 0.35 1.00 1.00 5.0
AFO1 0.24 0.13 0.13 1.00 - 1.00 5.0
AF13 0.24 0.33 0.23 0.60 0.60 5.0
AF35 0.24 0.51 0.40 1.00 1.00 5.0
BL15 0.28 0.35 0.30 1.00 1.00 5.0
BL58 0.28 0.40 0.40 1.00 1.00 5.0
BFO1 0.28 0.12 0.12 1.00 1.00 5.0
BF13 0.28 0.20 0.20 1.00 1.00 5.0
BIO] 0.28 0.16 0.16 1.00 1.00 5.0
BI13 0.28 0.33 0.26 0.60 0.60 5.0
BSPU 0.28 0.18 0.18 1.00 1.00 5.0
DL13 0.28 0.30 0.25 0.60 0.60 5.0
DL38 0.28 0.40 0.40 1.00 1.00 5.0
ELO] 0.28 0.17 0.17 1.00 1.00 5.0
EL13 0.28 0.23 0.19 0.60 0.60 5.0
LIPN 0.32 0.13 0.13 1.00 1.00 5.0
LOFL 0.32 0.09 0.09 1.00 1.00 5.0
MLO3 0.28 0.30 0.25 0.60 0.60 3.0
ML35 0.28 0.40 0.40 0.50 0.50 3.0
MANB 0.28 0.29 0.29 1.00 1.00 4.0
MANE 0.20 0.21 0.21 0.60 0.60 4.0
DLO1 0.32 0.17 0.17 1.00 1.00 5.0
DL13 0.32 0.23 0.19 0.60 0.60 5.0
DL35 0.32 0.40 0.40 0.50 0.50 5.0
PFO3 0.24 0.25 0.25 0.60 0.60 3.0
PF35 0.24 0.40 0.40 0.50 0.50 3.0
PGO3 0.28 0.20 0.20 1.00 1.00 1.0
PLOT 0.37 0.19 0.19 1.00 1.00 5.0
PL35 0.37 0.34 0.26 0.60 0.60 5.0
RANC 0.32 0.11 0.11] 1.00 1.00 5.0
ROSC 0.32 0.10 0.10 1.00 1.00 5.0
ZLO1 0.28 0.12 0.12 1.00 1.00 4.0
ZL13 0.28 0.17 0.17 0.60 0.60 4.0

Source: Soil Conservation Service and Texas Agricultural
Extension Service.
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the on-farm benefits from conservation practices arise mainly from
the relatively higher future crop yield resuliting from that conser-
vation practice. Unfortunately, very little experimental or field
data on this important relationship are available. Consequently,
for purposes of this study it was necessary to develop estimates

of this relationship for each soil mapping unit.

Yield loss attributal to topsoil loss depends to a certain
extent on the suitability of the subsoil for crop production.

Soils in the watershed were classified into one of three groups.
Group A consists of soil mapping units that have subsoil that is
unsuitable for field crop production. For this group, crop yield
was assumed to be zero after all topsoil was eroded. Group B con-
sists of soil mapping units with subsoils that are slightly suitable
for field crop production. It was assumed that crop yield on Group
B soils would be 25 percent of the currently attainable yield after
all the topsoil was eroded away. Group C consists of those soil
mapping units with subspils that are somewhat more suitable for

crop production. After the loss of all topsoil, yield in this group
was assumed to be 50 percent of present yield. The group to which
each soil mapping unit belongs and initial average topsoil depth

for each mapping unit is shown in Table 6.

Due to paucity of experimental or field data on the relation-
ship between topsoil thickness and yield, it was necessary to sub-
jectively specify this relationship for each soil group. After
considerable discussion with Soil Conservation Service and Texas

A&M University scientists, the three relationships shown in Figure 2
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were specified. The functions in Figure 2 have two important char-
acteristics. One is that each function is expressed in terms of
percent of topsoil lost and percent of initial yield attainable
after erosion. This reflects the fact that the loss of one inch

on an initially shallow soil will decrease yield more than the loss
of one inch of an initially deep soil. For example, the loss of
one inch of a soil in Group A with an initial depth of 20 inches
will reduce yield by about 2 percent, while the loss of one inch

on a soil with an initial depth of 5 inches will decrease yield by
about 8 percent.

The second important characteristic of the functions in Figure
2 is that the loss of the last remaining topsoil will reduce yield
by more than the loss of the upper portions of initial topsoil.

For instance, the loss of the first 20 percent of topsoil in Group
A will reduce yield by about 8 percent, while the Toss of the last
20 percent of topsoil will reduce yield by about 46 percent. Be-
cause of the critical nature of the relationship shown in Figure 2,
additional experimental and field research appears warranted.

In determining the effects of erosion on yield, the bulk den-
sity of soil is important. Since erosion typically occurs when the
soil is saturated with water, the bulk density of saturated soil
was used. Based on unpublished field data, a bulk density of 140
tons per acre inch was used for all soils in the Lower Running

Water Draw watershed.
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Profitability of Conservation Practices

Prafitability information for the various crop rotation-con-
servation practice combinations for each soil in Lower Running
Water Draw watershed is given in Appendix A, Tables 14 through 48.
A11 figures are based on the assumptions previously stated. Al1
on-farm costs associated with conservation practices of contouring
and terracing are included in the profit calculations. That is,
there is no Federal cost sharing of terrace construction included
nor is there any cost charged for the sediment leaving the fields.

As an illustration of the information given in these Tables,
consider Table 14 which gives the data for Acuff loam with 0-1%
slope.

The first column of this table gives the crop rotations con~-
sidered for this soil, while the second column gives the conserva-
tion practice considered. Column 3 gives the associated annual
percentage of topsoil lost under each respective alternative.
Column 4 gives the per acre profit in year 1[ The next block of
columns gives annual yield as a percent of initial yield, and profit
for years 10, 100, and 200. The final block of columns gives the
present value of a farm profit stream to year 10, 100, and 200.

As a specific example consider continuous cotton on Acuff
loam with 0-1% siope (Table 14). With straight row cultivation
.168 percent of the twelve inches of topsoil would be lost annually.
In year 1 net profit from cotton production on the soil would be
$13.16 which decTines year by year as the topsoil is eroded away
until by the 200th year profits have dropped to $6.15. In physi-

cal terms, the yield declines to 95.9 percent in year 100 and 91.3
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percent of the initial yield in year 200. The present value of profit
for a 10 year period is $121. The present value of profit increases
to $625 for 100 years and to $724 for 200 years. While the present
value of profit continues to increase with longer time horizons it
does so at a decelerating rate. This is caused not only by the ef-
fect of the discounting of future profits but also by the yield
reduction as the topsoil is eroded away.

Many of the soils in Lower Running Water Draw watershed are
too flat for contouring and terracing to have any significant effect
on the rate of soil loss. For these soils only the straight row
cultivation practice is listed. Also, only the crops that the soil
can realistically be expected to grow are listed. Thus, a few soi]l
mapping units such as Bippus and Spur soils have no field crop
options and are only 1isted for completeness.

Twenty-three soil mapping units have the potential for irriga-
tion while the remaining twelve are mainly range and pastureland
with very limited dryland crop production. The expected yields for
crops under irrigation and the acres available are listed as part
of Table 4. Only on these soils is profit and yield information
given for the irrigated rotations.

The information in Appendix A can also be used to compare the
profitability of the three conservation practices for a particular
crop as the time horizon is varied. For example, the present value
of profit for continuous cotton production on Bippus loam with 1-3%
slope (Table 25) and a ten year time horizon is $120 under straight

row cultivation versus $86 for contouring and a negative $51 for
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terracing. However, as the time horizon is stretched to 200 years,
straight row cotton cultivation is the second most profitable option
at $426, with contouring first at $435, and terracing last at a
negative $120.

Not only can the profitability of the conservation practices
for each crop rotation be compared but the profitability of all the
rotations can be compared to each other. The best crop rotation-
conservation practice for each soil mapping unit and time horizon
can then be Tocated. To illustrate, given a 10 year time horizon,
the most profitable crop rotation-conservation practice combination
on Acuff Toam with 1-3% sTope (Table 15) is an jrrigated cotton
rotation under straight row cultivation. However, when the time
horizon is shifted to 200 years, it is found that an irrigated cotton-
grain sorghum rotation will be more profitable under the conserva-
tion practice of contouring. This demonstrates that crop rotations
and the conservation practices involved shift in response to shifts
in the time horizon.

Table 10 1ists the most profitable (or least costly) conser-
vation practice for each crop rotation by soil mapping unit, given
a 100 year planning horizon. For most soil mapping unit-crop rota-
tion combinations no extra conservation practices can be economically
justified. Only on the steeper sloped soils with clean cultivation
crops does contouring start to pay for itself. In Table 11 the
planning horizon is increased to 200 years resulting in a further
slight shift to contouring but still no call for terracing. These

rather surprising results are somewhat due to the high cost of
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terracing, but in Targe part are caused by the general flatness

of the land. Even those soils with greater than average slope

are often unterracable due to the shortness of the slope length.
There are probably small acreages of land in some of the soil map-
ping units that would profit from terracing but due to the aggrega-
tion over a complete soil mapping unit these small fields are Tost
in the calculations on the average. Nonetheless, the need for
conservation practices with cultivated crops on hilly soils becomes

increasingly apparent as the planning horizon is extended.
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PUBLIC POLICY OPTIONS FOR NPS CONTROL

The previous section of this report focused on the on-farm

economics of conservation aside from the NPS pollution issue.
Let us now turn to the pollution question and consider whether con-
trols are justified on economic grounds, on which control is econo-
mically the most efficient, and on implementing a control if a prob-
lem does indeed exist.

In designing a NPS control plan, it is necessary to define the
feasible control methods from a technical perspective. For control
of sheet and rill erosion and sediment resulting therefrom, the
control methods considered here are the conservation practices of
contouring and terracing, and changes in land use such as shifting
to a crop which causes less erosion.

Once these technical alternatives are specified it is necessary

to determine a way of implementing a pollution control method.

The standard policy options for implementing a control include regu-
lation, provision of economic incentives, education, and public in-
vestment. For point sources of pollutants, regulations are typically
directed toward the pollutant at the point of emission into water-
ways. However, this is not possible with NPS pollutants because
they enter waterways at an infinite number of points. Hence, regu-
lations must be directed toward the agricultural practices that cause
or influence the NPS pollutants.

The economic incentive option includes alternatives such as
Federal or State cost-sharing arrangements for conservation prac-

tices, and excise taxes on inputs such as fertilizers and pesticides
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or even on soil loss. Education is a viable policy option in situ-
ations where producers or others are misusing inputs that cause pol-
lution, or are not adopting conservation practices that would be
profitable. 1In these situations a successful education program would
increase producer's income as well as reducing the environmental
damages caused by misuse of agricultural chemicals and production
practices. Public investment is appropriate for controls that are
not appropriate for individuals, but that can be justified by govern-
mental units. An example would be . the construction of municipal
waste water treatment plants. In any particular NPS situation, a
combination of the above policy options may provide the best solu-
tion to the problem.
The specific erosion-sedimentation control options considered
for Lower Running Water Draw watershed are:
1. Restricting soil loss to be no greater than the SCS toler-
ance or "T" limits.
2. Restricting soil loss to be no greater than 2, 4, or 6
tons per acre.
3. Terracing subsidies or cost sharing arrangements for 50
and 100 percent of the annual costs.
4. Contouring subsidies or.cost sharing arrangements for 50
and 100 percent of the additional cost for contouring.
5. Subsidies of 50 and 100 percent on the initial cost of
constructing terraces.
6. Restricting soil loss to be no greater than the SCS Timit
combined with 50% contouring, terracing, or terracing con-

struction subsidies.
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7. Restricting sofl loss to less than a specific limit of
2 tons per acre combined with a 50 percent subsidy toward
contouring, terracing or construction costs of terraces.

8. Taxes on soil loss of 4, 6, 8, 10, 12, 16 and 20 cents
per ton.

9. Taxes on soil Toss of 4, 6, 8, 10, 12, 16, and 20 cents
per ton combined with a subsidy of 50 percent of the cost

of contouring or terracing.

Tabte 12 shows the specific options considered. These policy
options were chosen to cover a wide range of available alternatives.
Section 208 of the amended 1972 Federal Pollution Control Act does
not specify the type of regulation or incentive that must be used
so decision makers may choose from the above set of options or use
the model to test others which experience or experiment may suggest.

The soil Toss tax policy, while not practical, was considered
because it is an economic efficiency norm for correcting for off-
site sediment damages. Economic theory says that in a frictionless
economy where all producers maximize profit, the "optimal" way to
correct for off-site damages is to impose a tax on erosion exactly
equal to marginal off-site damages at the socially optimal Tevel of
erosion. No other policy option will give a socially more efficient
(i.e. less costly from society's viewpoint) allocation of resources
to crop production. Other requirements for this to be the most
efficient policy for pollution abatement are that: (a) the admini-
strative and enforcement costs be equal for all policies; and (b}
the administrative and enforcement costs be less than the gains as-

sociated with a tax policy. Under these conditions, the tax policy
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can be used as a norm against which the other policies (which may
be more practical and politically vyiable) can be evaluated.

To decide whether erosion-sedimentation control is justified
on economic grounds and to identify the economically most efficient
policy option, the following types of information are needed:

A. The off-site environmental damages that would be abated

by the policy;

B. The private and social costs incurred by farmers and society
when alternative policy options are implemented at vari-
ous Tevels of contrel; and

C. The implementation, administrative, and enforcement costs
associated with each policy.

These benefits and cost components, once combined, indicate
whether a particular policy at a specific level of control is justi-
fied on economic efficiency grounds. Of course, in deciding between
policies, the distributional or equity aspects and political accept-
ability must also be considered.

Estimates of the above economic impacts for the policy options

Tisted previously are presented in the sections which follow.
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OFF-SITE SEDIMENT DAMAGES

A procedure for estimating off-site damages resulting from
sediment in a watershed was developed by lLee and Guntermann. This
procedure attributes damages to the following factors: (1) an
increase in annual cost for a reservoir resulting from a shortened
economic 1ife; (2) an increase in the annual cost for flood control
structures caused by sediment reducing their economic life; (3) the
sediment component of flood damages and damages associated with sedi-
ment that remains in the watershed; (4) the increase in sediment
damage that occurs after the end of a reservoir's economic life or
after the end of a flood control structure's economic life; (5) the
loss of recreational benefits resulting from the siltation of a
reservoir; and (6) the loss of water supply benefits resulting from
sediment displacing the water supply pool in a reservoir.

The Lee and Guntermann procedure implicitly assumes that sedi-
ment will not be dredged from a reservoir or removed from a flood
control structure. Also impTicitly assumed was that a new reser-
voir or a new flood control structure would not be built to replace
an existing one once it is completely filled with silt, These do
not appear to be realistic assumptions for Lower Running Water Draw
because the watershed does not contain a reservoir with a permanent
pool and because the flood control structures were not built with
large sediment storage capacity. Consequently, the Lee and Gunter-
mann procedure was not used. Rather, sediment damages were attri-

buted to: (a) the cost of removing the sediment build-up in the
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four flood control structures by draining and then cleaning out the
accumulated sediment; and (b} the sediment component of flood dam-

ages and damages associated with sediment that remains in the water-
shed. Computational formula and damage estimates for each of these

components follow.

Cost of Removing Sediment from Flood Control Structures

For this component of damages, it was assumed that the sediment
pool in a flood control structure would be allowed to completely
f111. Then, before sediment reduced the flood control capacity of
the structure, the structure would be drained in a dry period and
the sediment removed by bulldozing or a similar operation. SCS
engineers estimate that this type of operation would cost about $1.01
cents per ton of sediment removed. With N as the life of the sedi-
ment pool it was assumed that a structure would be cleaned every N

years. N was computed by the following formula:

KC
N = RS
GePyPrTE
where
N is the life of the sediment pool in years;
C

RS is the capacity of the sediment pool in acre-feet;
e is the gross erosion based on a particular crop rotation,
tillage system, conservation practice, and management level

for the watershed in tons/acre/year;
A

I

N is the net drainage area in acres;

E is the trap efficiency of the structure;
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DR 4s the delivery ratio used to convert gross erosion to

sediment delivered; and
K is the conversion constant from acre-feet to tons.

values for Crs, P

N, and DR were obtained from the PL-566 water-
shed work plans for Lower Running Water Draw. K was assumed to
equal 1680 tons per acre-foot, and TE to equal .95.

The present value cost of removing sediment from flood control

structures in the watershed into perpetuity is given by the formula:

4

1 \N_t
PV = ¢  {(s)'s°CC K
g=1 t=] I* rRS,$
1 \N
4  (55+)"s
= I T+ CrCRS,SK
S=1 T 4\N
- Gag)s
where
PV = present value cost
Cr = per ton cost of removing sediment from a flood control
structure (= $1.071)
N$ = 1ife of the sediment pool of the Sth structure
i = interest rate
C

=
w
-
w
|

= capacity of the sediment pool in the Sth structure in

acre-feet

The annualized cost of removing sediment from flood controf

structures is:
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14N
4 (s=) s
Dpg =i - PV =1 1 —4 Crlps, sk
FS - .
T+
where
Drs = annualized cost of removing sediment from all flood con-

trol structures in Lower Running Water Draw watershed.

D

Fstimates of “FS for various Tevels of erosion are given in

Table 13.

Sediment Component of Flood Damages and Damages Associated with

"~ Sediment that Remains in the Watershed

Estimates of this component of damages (DS) were obtained
directly from the PL-566 watershed work plan. In 1977 dollars the
damages totalled $1,143 for a gross erosion rate of 7.03 tons per
acre. For other erosion rates these damages were assumed propor-

tional to total erosion.

Total Damages

The total off-site damages in Lower Running Water Draw water-
shed with the average gross erosion rate at 7.03 tons per acre per
year are $90,761 annually. Total damages for other erosion rates
are given in Table 13 and the total damage function is shown in
Figure 3. In evaluating the off-site damages that would be abated
by controls on sheet and rill erosion, it was assumed that erosion
due to gullies and streambanks would be about 168 thousand tons per
year. Furthermore, erosion from the 16,506 acres of Tand classed

as miscellaneous (Table 2) was estimated to be 116 thousand tons
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per year for a total base erosion rate of 284 thousand tons. Thus,
referring to Figure 3 it can be seen that off-site damages would

be approximately $4,000 in the absence of sheet and rill erosion
from crop or range land. Damages attributed to sheet and rill

erosion would be in addition to this base level of damages.
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ECONOMIC CONSEQUENCES OF NPS POLLUTION CONTROL POLICIES

To calculate the economic consequences of the various control
options it was necessary to make certain basic assumptions. These
assumptions can be critical to the results of the study and must
be kept in mind if the report is to be correctly interpreted. These
assumptions include: {a) reTative expected prices will remain con-
stant; (b) expected present value of profit is a good indicator of
farmers' decision criteria; (c) farm profits, government cost or
revenue and sediment damage abatement have the same value weights;
and (d) farmers will act rationally and in their own self interest.

Assumption one rules out any large technological breakthroughs
that would drastically change production costs or yield of one crop
in relation to the others. It also rules gut the discovery of
presently unknown ways to cheaply restore the soil fertility of eroded
s0ils or to remove sediment from waterways at 1ittle or no cost.
Furthermore, major changes in crop prices relative to the general
price structure would invaidate the conclusions of this study.

If crop prices fell relative to other prices, off-site damages would
carry significantly more weight and greater erosion control would

be socially beneficial. On the other hand if relative crop prices
rose, off-site damages would become less important and the optimal
erosion control would depend on the on-farm trade-offs between pres-
ent production and future production,

The second assumption asserts that the shifts in cropping pat-

terns will take place, as this is the decision criteria built into



47

the model. Farmers have other decision criteria in addition to
profit. These other criteria might include; personal preference
for one crop over another, preference for leisure rather than more
profit, varying estimates of risk and uncertainty, and others.
While these other criteria play a part in farmers' decisions it is
a general assumption of economics that expected profit is the most
important consideration and will yield generally accurate results.

The third assumption is the rationale behind the net social
benefit calculation. It indicates that for the purposes of this
study "government" is considered only as a point of accounting, i.e.
a frictionless point of transfer for part of the jointly held social
wealth. Net social benefit does not change if money transfers from
farm fncome to government or vice versa. Also, it implies that
farm income is equal in social desirability to a similar dollar
amount of off-site sediment damage abatement. This can be defended
by noting that if the dollar value of the off-site damages have been
correctly estimated then it would be better for farmers as a group
to pay for the damages directly. The alternative in obtaining off-
site sediment damage abatement is a farmer's loss in profits that
exceeds the value of damages abated.

The last assumption rules out ignorance of, or uncertainty about,
the most profitable cropping system--conservation practice. It also
jmplies the assumption that financing will be avaitable for any nec-
cessary equipment shifts or terrace construction. Neither of these
conditions will always be met and that failure will reduce the
actual change caused by implementation of any of the control options

specified.
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Because the benefits of soil conservation accrue over time,
rather than immediately, the length of a farmer's planning horizon
also influences the crops that will be grown and the conservation
practices employed. This, in turn, influences the estimated economic
impact of NPS control options. Due to uncertainty about the length
of farmers' planning horizon, estimated effects are shown for three
horizons. These are 10 years, 100 years, and 200 years. Results
based on these planning horizons will likely bracket the actual

economic impacts of the erosion controls considered.

Administrative and Enforcement Costs

The cost of administering and enforcing any of the NPS controls

considered here has been estimated to be 21 cents per acre of land
in the Lower Running Water Draw watershed. These costs will thus
be $26,141 annually for the agricultural land in the watershed.
The largest component of this cost estimate is based on the amount
of technical assistance that would be required to implement the
policies. While there will be sTight cost differences between poli-
cies, this figure gives a rough floor to the administration and
enforcement costs. This cost figure should be kept in mind when
considering the benefit and cost figures given in Appendix B,
Tables 49 through 57.

Estimated effects of various erosion-sedimentation control

policies on farm income, government cost or revenue, soil loss,

* .
G.E. Kretzschmay, Jr. Texas Soil and Water Conservation
Board, personal communicaticn.
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off-site sediment damages abated, and net social benefits are shown
in Table 49 for a planning horizon of 10 years. Table 50 gives

the associated acreage distribution, while Table 51 shows the extent
and cost of terracing and contouring by control option. With only

a ten year planning horizon, terracing and contouring were found to
be unprofitable in the benchmark model solution (Table 51). The
distribution of crop acreage in the benchmark solution (Table 50)
was reasonably close to actual crop acreages in recent years

{Table 2).

The first column of Table 49 gives the estimated farm income
effect of the policies. For example, a restriction that per acre
soil loss not to exceed the SCS tolerance (T) limits, would decrease
annualized farm income in the watershed by $61,440. Since this
policy does not involve a tax or subsidy, the government cost is
zero (column 2). The 1imit to T values would reduce soil loss in the
watershed by 14.6 thousand tons, which decreases off-site sediment
damages by $2600 annually. The final column gives net social bene-
fits excluding any administrative or enforcement costs. This column
is calculated by adding off-site damages abated plus government
revenue, minus government subsidies, to the change in farm income.
For the soil loss Tess than "T" option, net social benefits, excluding
administrative costs, declined by $58,850. If administrative costs
for this policy are added, the net social benefits would decline
even further. The negative net social welfare is the result of a
larger loss in annual farm income than gain in off-site damages abated.

From Tabte 49 it can be seen that none of the policy options

chosen show a positive net social benefit. Thus, we must conclude
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that with a 10 year planning horiozn and the previously stated as-
sumptions none of the options considered would be an economically
advantageous policy.

Model results for a 100 year planning horizon are given in
Tables 52 through 54 and results for the 200 year planning horizon
in Tables 55 through 57. Comparison of these results with the 10
year planning horizon results demonstrates the importance of the Tength
of the planning period.

When comparing the benchmark or base run of the three time
periods, it is notable that as the time horizon lengthens the trend
is for the optimal crop distribution to shift from sorghum to more
small grains, while maintaining the leyel of cotton production.

The production of cotton is sufficiently valuable that its greater
propensity to cause soil erosion is overcome in the longer planning
periods, and the production level maintained, by switching some soils
to cotton-small grain rotations and by increased use of contouring
as a conservation measure. Very 1ittle of the dryland acreage is
cropped, but all the Tand that can be irrigated with the available
water supply is kept in crop production. It was assumed in this
study that the present amount of irrigated acreage could be main-
tained over all the relevant planning periods. This may not be true
at the present rate of water use per acre but might be possible as
the increased energy costs of pumping water encourages better utiii-
zation and more careful application of the reduced supply.

There is a noticable trend in the way the various options

effect the change in farm income, net social benefit, crop
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distribution, and amount of contouring and terracing as the plan-
ning period lengthens. Given a short 10 year planning horizon regu-
Tation of soil loss causes large losses in annualized farm income
and net social benefits without causing much change in cropping
patterns or large increases in conservation practices. That is

with the exception of the extreme reguiation forcing soil Toss to

be kept below 2 tons per acre. This limitation does force large
changes in the cropping pattern and some contouring and terracing
but only at a very high net social cost.

Taxes per ton of soil loss have no effect on cropping patterns,
soil loss, or terraced and contoured acreage with the 10 year plan-
ning horizon. This is true even when a 50 percent terracing or 50
percent contouring subsidy is added. For the 100 year planning perijod
the tax options also fail to influence the crop distribution though
a small decrease in soil loss was affected by the addition of the
conservation practice subsidies. Over the 200 year planning horizon
the soil loss tax had no effect on the cropping pattern or soil
loss. However, the tax combined with a 50 percent contouring sub-
sidy actually caused results contrary to those desired, by increasing
soil erosion up to 3,970 tons per year. The increased erosion is
caused by the shift in the cropping pattern to more corn production.
The contouring subsidy makes corn production on contoured land more
profitable, increasing the acreage planted to corn and hence, in-
creasing the total erosion in the watershed, even though it decreases
the soil loss on particular fields.

In general, the options and planning horizons chosen demonstration
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four things about the effects of imposing non-point source controls
in Lower Running Water Draw watershed. These are: (1) only the
most stringent control measures would effect cropping patterns over
any likely planning horizon; (2) the longer the planning perijod as-
sumed, the greater amount of conservation practices will result
from any control option; (3) application of control policies can
not be assumed to always reduce total soil erosion in the watershed,
and; (4) even excluding administration costs none of the options

tested showed a positive net social benefit over any planning period.
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SUMMARY AND CONCLUSION

This report looks at both the on-farm economics of soil conser-
vation and the economic consequences of various non-point source
pollution control options. These topics are joined in this study
because they deal with different facets of the same problem. Un-
like some pollutants, the sediment that washes off farmers' fields
to become a problem downstream is a valuable resource, not a waste
product. Because the soil is valuable in itself, some Tevel of
soil conservation practice is going to be economically desirable
even if the downstream pollution damages are not considered by
the farmer. The results presented in the first section show that
soil conservation does indeed pay and that its value is greater,
the Tonger the planning horizon of the decision maker. This sug-
~gests that an educational program in this area may reduce sediment
damage while increasing farm income at the same time.

The second section of this report deals with the total economic
impact of various soil Toss control options. Options based on
regulation, taxation, economic incentive and combinations thereof

are modeled. Given the estimate of off-site sediment damages and

the assumptions of the model, the analysis suggests that soil Toss

controls or subsidies are not presently warranted from a social wel-

fare viewpoint in Lower Running Water Draw. However, it should

be noted that the estimate of off-site damages is imprecise at
best. Many types of environmental damage are intangible and others
are caused indirectly. Future research should be directed toward
calculating more precise and complete estimates of environmental

damage.
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The estimated farm income consequences of NPS control options
that are presented in this report were based on the assumption
that crop prices would not change in response to the implementation
of a particular policy. This is a reasonable assumption as long
as the policy is imposed only in a small area with no changes in
outside areas. However, if a pollution control policy is imposed
in a large area or for the whole nation, it is expected that crop
prices will change in response to implementing a policy that signi-
ficantly effects cropping patterns, yield or production costs.
Thus, the results presented in this study apply only if NPS controls
are imposed in small areas or in ways that do not effect compara-

tive crop prices.



APPENDIX A

Profit and yield information by soil series for 10, 100

and 200 year planning horizons.
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APPENDIX B

Major effects of given NPS control options for 10, 100 and 200

year planning horizons.
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Table 49. Major economic consequences of NPS control options in Lower Running
Draw watershed assuming farmers have a 10 year planning horizon.

Dffsite Net Social

e e Qg ) e e oo
Me000)  ($1000) 5000 )" Abated  Administrative
($1000) Costs ($1000)

SL<T ~61.44 0.0 14.59  2.60 -58.85
SL < 2 -1869.46 0.0 218.65  36.40 -1833.05
SL < 4 -346,51 0.0 106.74  18.48 -328.03
SL < 6 0. 0.0 0.0 0.0 0.0
TR 50 0. 0.0 0. 0.0 0.0
TR 100 0. 0.0 0.0 0.0 0.0
C 50 0.0 0.0 0.0 0.0 0.0
C 100 2.52 -46.33 .34 2.02 ~41.78
IT 50 0.0 0.0 0.0 0.0 0.0
IT 100 0.0 0.0 0.0 0.0 0.0
SL<T, TR50  -45.73 -36.2]1 14.71  2.62 -79.32
SL < T, C 50 _55.87 -5.57 14.59  2.60 -58.85
SL < T, IT50  -61.44 0.0 14,59  2.60 -58.85
SL < 2, TR 50 -1835.87 -58.68 219.12  36.47 -1858.08
SL <2, C5  -1841.89 -36.31 215.71  35.95 -1842.25
SL <2, IT 50 -1865.55 -37.96 218.65  36.40 -1867.10
X 4 -13.52 13.52 0.0 0.0 0.00
X 6 -20.27 20.28 0.0 0.0 0.00
X 8 -27.04 27.04 0.0 0.0 0.00
TX 10 -33.79 33.79 0.0 0.0 0.00
TX 12 -40.55 40.55 0.0 0.0 0.00
X 16 -54.07 54.07 0.0 0.0 0.00
TX 20 -67.58 67.59 0.0 0.0 0.00
TX 4, 50 T&C  -13.52 13.52 0.0 0.0 0.00
TX 6, 50 T&C  -20.27 20.28 0.0 0.0 0.00
TX 8, 50 T&C  -27.04 27.04 0.0 0.0 0.00
TX 10, 50 T&C  -33.79 33.79 0.0 0.0 0.00
TX 12, 50 T&C  -40.55 40.55 0.0 0.0 0.00
TX 16, 50 T&C  -54.07 54.07 0.0 0.0 0.00
TX 20, 50 T&C  -67.58 67.59 0.0 0.0 0.00
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Table 50. Percent of acreage in each crop by control option for Lower
- Running Water Draw watershed assuming farmers have a 10
year planning horizon.

Dryland Crops Irrigated Crops

Crops Range Cotton Sg:ggzm gfg}is Corn ggg;s
Benchmark 0.3 28.1 33.6 19.5 10.7 5.0 2.8
SL < T 0.3 28.7 34.3 19.9 11.0 3.1 2.9
SL < 2 0.3 28.8 16.2 1.3 53.6 0.0 0.0
SL < 4 0.3 28.1 34.6 3.0 29.1 2.2 2.8
SL < 6 0.3 28.1 33.6 19.5 10.7 5.0 2.8
TR 50 0.3 28.1 33.6 19.5 10.7 5.0 2.8
TR 100 0.3 28.1 33.6 19.5 10.7 5.0 2.8
C 50 0.3 28.1 33.6 19.5 10.7 5.0 2.8
C 100 0.3 28.1 33.6 19.5 10.7 5.0 2.8
IT 50 0.3 28.1 33.6 19.5 10.7 5.0 2.8
IT 100 0.3 28.1 33.6 19.5 10.7 5.0 2.8
SL < T, TR 50 0.3 28.1 33.6 19.5 10.7 5.0 2.8
SL <T, C50 0.3 28.7 34.3 19.9 1.0 3.1 2.9
SL < T, IT 50 0.3 28.7 34.3 19.9 11.0 3.1 2.9
SL < 2, TR 50 0.3 28.1 15.9 1.2 2.3 2.2 0.0
SL < 2, C 50 0.3 28.8 17.2 2.2 51.6 0.0 0.0
SL < 2, IT 50 0.3 28.8 16.2 1.3 53.6 0.0 0.0
X 4 0.3 28.1 33.6 19.5 10.7 5.0 2.8
TX 6 0.3 28.1 33.6 19.5 10.7 5.0 2.8
TX 8 0.3 28.1 33.6 19.5 10.7 5.0 2.8
TX 10 0.3 28.1 33.6 19.5 10.7 5.0 2.8
TX 12 0.3 28.1 33.6 19.5 10.7 5.0 2.8
TX 16 0.3 28.1 33.6 19.5 16.7 5.0 2.8
TX 20 0.3 28.1 33.6 19.5 10.7 5.0 2.8
TX 4, 50 T&C 0.3 28.1 33.6 19.5 10.7 5.0 2.8
X 6, 50 T&C 0.3 28.1 33.6 19.5 10.7 5.0 2.8
TX 8, 50 T&C 0.3 28.1 33.6 19.5 10.7 5.0 2.8
TX 10, 50 T&C 0.3 28.1 33.6 19.5 10.7 5.0 2.8
TX 12, 50 T&C 0.3 28.1 33.6 18.5 10.7 5.0 2.8
TX 16, 50 T&C 0.3 28.1 33.6 19.5 10.7 5.0 2.8
TX 20, 50 T&C 0.3 28.1 33.6 19.5 10.7 5.0 2.8
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Table 51. Extent and cost of terracing and contouring by control option
for Lower Running Water Draw watershed assuming farmers have
a 10 year planning horizon.

Terracing Contouring
Control
Option Acres Cost Acres Cost
(1000) ($1000) (1000) ($1000)
Benchmark 0.0 0.0 0.0 0.0
SL < T 0.0 0.0 1.582 11.142
SL < 2 1.525 32.665 8.286 49.641
SL < 4 0.0 0.0 5.495 43.341
SL < 6 0.0 0.0 0.0 0.
TR 50 0.0 0.0 0.0 0.
TR 100 0.0 0.0 0.0 0
C 50 0.0 0.0 0.0 0.
€ 100 0.0 0.0 5.804 46.326
IT 50 0.0 0.0 0.0 0.0
IT 100 0.0 0.0 0.0 0.0
SL < T, TR 50 2.388 72.421 1.582 11.142
SL <T, C 50 0.0 0.0 1.582 11.142
SL < T, IT 50 0.0 0.0 1.582 11.142
sL <2, TR 50 4.338 117.368 8.170 48.946
SL <2, C50 1.525 32.665 11.816 72.624
SL <2, IT 50 1.525 32.665 8.286 49.641
TX 4 0.0 0.0 0.0 0.0
TX 6 0.0 0.0 0.0 0.0
TX 8 0.0 0.0 0.0 0.0
X 10 0.0 0.0 0.0 0.0
TX 12 0.0 0.0 0.0 0.0
TX 16 0.0 0.0 0.0 0.0
TX 20 0.0 0.0 0.0 0.0
TX 4, 50 T&C 0.0 0.0 0.0 0.0
TX 6, 50 T&C 0.0 0.0 0.0 0.0
TX 8, 50 T&C 0.0 0.0 0.0 0.0
TX 10, 50 T&C 0.0 0.0 0.0 0.0
TX 12, 50 T&C 0.0 0.0 0.0 0.0
TX 16, 50 T&C 0.0 0.0 0.0 0.0
TX 20, 50 T&C 0.0 0.0 0.0 0.0




g7

Table 52. Major economic consequences of NPS control options in Lower Running
Water Draw watershed assuming farmers have a 100 year planning horizon.

0ffsite Net Social

Contrel fmiatize S Coot (1) TAos ! pedinene et
?glogggme ($1000) (?500 $§5 Abated  Administrative
{$1000) Costs {$1000)

SL< T -18.37 0.0 14.59 2.60 -15.77
SL < 2 -1395.94 0.0 218.07  36.30 -1359.64
SL < 4 ~95.71 0.0 106.74  18.48 -77.24
SL < 6 0.0 0.0 0.0 0.0 0.0
TR 50 0.0 0.0 0.0 0.0 0.0
TR 100 26.17 -182.68 33.04 5.85 ~150.66
C 50 10.04 16.51 8.32 1.48 ~4.99
¢ 100 54.28 -123.57 25.38 4.50 -64.78
IT 50 0.0 0.0 0.0 0.0 0.0
IT 100 0.0 0.0 0.0 0.0 0.0
SL < T, TR 50 -12.35 -30.03 14.71 2.62 -39.77
SL < T, C 50 -11.16 -10.14 17.35 3.09 -18.21
SL < T, IT 50 -18.37 0.0 14.59 2.60 -15.77
SL <2, TR50 -1375.31 -48.03 218.54 36,37 -1386.97
SL <2, C50 -1370.95 -25.14 218.05  36.30 -1359.79
SL <2, IT50 ~-1395.24 -37.96 218.07  36.30 -1396.90
X 4 -13.49 13.49 0.0 0.0 0.00
TX 6 -20.23 20.23 0.0 0.0 0.00
X 8 -26.99 26.99 0.0 0.0 0.00
TX 10 -33.74 33.74 0.0 0.0 0.00
X 12 -40.48 40.48 0.0 0.0 0.00
X 16 -53.97 53.98 0.0 0.0 0.00
TX 20 -67.47 67.47 0.0 0.0 0.00
TX 4, 50 T&C -3.12 3.35 8.32 1.48 -4.98
TX 6, 50 T&C -9.70 3.23 8.32 1.48 -4.98
TX 8, 50 T&C -16.28 9.81 8.32 1.48 -4.99
TX 10, 50 T&C -22.86 16.40 8.32 1.48 -4.99
TX 12, 50 T&C -29.44 22.98 8.32 1.48 -4.99
TX 16, 50 T&C -42.50 30.57 10.86 1.93 -10.00

TX 20, 50 T&C -55.57 43.63 10.86 1.93 -10.00
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Table 53. Percent of acreage in each crop by control option for Lower
Running Water Draw watershed assuming farmers have a 100
year planning horizon.

Dryland Crops Irrigated Crops

Crops Range Cotton Sg:ggﬂm g?:};s Corn ggg;s
Benchmark 0.3 28.1 32.6 19.5 10.7 6.0 2.8
SL<T 0.3 28.7 33.3 19.9 1.0 4.1 2.9
SL < 2 0.3 28.8 16.2 1.3 53.6 0.0 0.0
Sk < 4 0.3 28.1 33.5 3.0 29.1 3.2 2.8
SL <6 0.3 28.1 32.6 19.5 10.7 6.0 2.8
TR 50 0.3 28.1 32.6 19.5 10.7 6.0 2.8
TR 100 0.3 28.1 32.6 19.5 10.7 6.0 2.8
C 50 0.3 28.1 32.6 19.5 10.7 6.0 2.8
C 100 0.3 28.1 32.6 19.5 10.7 6.0 2.8
IT 50 0.3 28.1 32.6 19.5 10.7 6.0 2.8
IT 100 0.3 28.1 32.6 19.5 10.7 6.0 2.8
SL < T, TR 50 0.3 28.1 32.6 19.5 10.7 6.0 2.8
SL <T, €50 0.3 28.7 33.3 19.9 11.0 4.1 2.9
SL <T, IT 50 0.3 28.7 33.3 19.9 11.0 4.1 2.9
SL <2, TR 50 0.3 28.1 15.9 1.2 52.3 2.2 0.0
SL <2, C 50 0.3 28.8 16.2 1.3 53.5 0.0 0.0
SL <2, IT 50 0.3 28.8 16.2 1.3 53.6 0.0 0.0
TX 4 0.3 28.1 32.6 19.5 10.7 6.0 2.8
TX 6 0.3 28.1 32.6 19.5 10.7 6.0 2.8
TX 8 0.3 28.1 32.6 19.5 10.7 6.0 2.8
TX 10 0.3 28.1 32.6 19.5 10.7 6.0 2.8
TX 12 0.3 28.1 32.6 19.5 10.7 6.0 2.8
X 16 0.3 28.1 32.6 19.5 10.7 6.0 2.8
TX 20 0.3 28.1 32.6 19.5 10.7 6.0 2.8
X 4, 50 T&C 0.3 28.1 32.6 19.5 10.7 6.0 2.8
TX 6, 50 T&C 0.3 28.1 32.6 19.5 10.7 6.0 2.8
TX 8, 50 T&C .3 28.1 32.6 19.5 10.7 6.0 2.8
X 10, 50 T&C 0.3 28.1 32.6 19.5 10.7 6.0 2.8
TX 12, 50 T&C 0.3 28.1 32.6 19.5 10.7 6.0 2.8
TX 16, 50 T&C 0.3 28.1 32.6 19.5 10.7 6.0 2.8
TX 20, 50 T&C 0.3 28.1 32.6 . 19.5 10.7 6.0 2.8
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Table 54. Extent and cost of terracing and contouring by control option
for Lower Running Water Draw watershed assuming farmers have
a 100 year planning horizon.

Terracing Contouring
Control ,
Option Acres Cost Acres Cost
(1000) ($1000) (1000) {$1000)
Benchmark 0.0 0.0 0.0 0.0
SL < T 0.0 0.0 1.582 11.142
SL < 2 1.525 25.903 8.286 49.641
SL < 4 0.0 .0 5.495 43.341
SL < 6 0.0 .0 0.0 0.0
TR 50 0.0 .0 0.0 0.0
TR 100 7.782 182.684 0.0 0.0
€ 50 0.0 0.0 4.029 33.016
€ 100 0.0 0 16.137 123.569
IT 50 0.0 0 0.0 0.0
IT 100 0.0 0. 0.0 0.0
SL <7, TR 50 2.388 60.068 1.582 11.142
SL<T, €50 0.0 0.0 3.107 20.278
SL <7, IT50 0.0 0.0 1.582 11.142
SL < 2, TR 50 4,338 96.054 8.170 48.946
SL < 2, C 50 1.525 25.903 8.372 50.274
SL < 2, IT 50 1.525 25.903 8.286 49,641
TR 4 0.0 0.0 0.0 0.0
TX 6 0.0 0.0 0.0 0.0
X 0.0 0.0 0.0 0.0
TX 10 0.0 0.0 0.0 0.0
TX 12 0.0 0.0 0.0 0.0
TX 16 0.0 0.0 0.0 0.0
TX 20 0.0 0.0 0.0 0.0
TX 4, 50 T&C 0.0 0.0 4,029 33.016
X 6, 50 T&C 0.0 0.0 4.029 33.016
TX 8, 50 T&C 0.0 0.0 4,029 33.016
TX 10, 50 T&C 0.0 0.0 4.029 33.016
TX 12, 50 T&C 0.0 0.0 4.029 33.016
TX 16, 50 T&C 0.0 0.0 5.496 43.341
TX 20, 50 T&C 0.0 0.0 5.495 43,341
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Table 55. Major economic consequences of NPS control options in Lower Running
Water Draw watershed assuming farmers have a 200 year planning horizon.

Offsite Net Social

Contro] g:ﬁzg$1igd Gov't Cost (-} Chgggisin Sediment Benefits
Option Farm Income ©F Revenue (+) Soil Loss Damages Excluding
($1000) ($1000) (1000 T) Abated Administrative
($1000) Costs ($1000)

SL «<T -2.16 0.0 2.53 0.42 -1.74
SL <2 -1197.55 0.0 112.69 18.05 ~1179.50
SL < 4 -8.40 0.0 7.86 1.31 -7.09
SL < 6 0.0 0.0 0.0 0.0 0.0
TR 50 0.0 0.0 0.0 0.0 0.0
TR 100 41.41 -270.02 23.79 3.94 -164.67
C 50 12.66 -21.67 -3.97 -0.66 -9.47
¢ 100 69.18 ~123.57 10.56 1.76 -52.62
IT 50 0.0 0.0 0.0 0.0 0.0
IT 100 0.0 0.0 0.0 0.0 0.0
SL < T, TR 50 -2.16 0.0 2.53 0.42 -1.74
SL<T, €50 7.98 -10.14 2,53 Q.42 -1.74
SL < T, IT 50 -2.16 0.0 2.53 0.42 -1.74
SL <2, TR 50 -4183.69 -17.81 113.04 18.10 -1183.41
SL <2, C 50 -1172.58 -25.14 112.68 18.05 -1179.67
SL <2, IT50 -1196.98 -37.96 112.69 18.05 -1216,88
TX 4 -9.22 9.22 0.0 0.0 0.00
X 6 -13.83 13.83 0.0 0.0 0.00
TX 8 -18.45 18.45 0.0 0.0 0.00
TX 10 -23.06 23.05 0.0 0.0 0.00
TX 12 ~27.66 27.66 0.0 0.0 0.00
TX 16 -36.88 36.88 0.0 0.0 0.00
TX 20 -46.11 46.71 0.0 0.0 0.00
TX 4, 50 T&C 3.43 -12.23 -3.97 -0.66 -9.,47
X 6, 50 T&C -1.29 -7.51 -3.97 -0.66 -9.47
X 8, 50 T&C -6.02 -2.80 -3.97 -0.66 -9.48
TX 10, 50 T&C -10.73 1.60 -3.86 -0.65 -9.78
TX 12, 50 T&C -15.44 6.31 -3.86 -0.65 -9.78
TX 16, 50 T&C -24.80 8.05 -0.95  -0.16 -16.92

TX 20, 50 T&C -34.13 17.36 -0.95 -0.16 -16.92
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Table 56. Percent of acreage of each crop by control option for Lower
Running Water Draw watershed assuming farmers have a 200
year planning horizon.

Dryland Crops Irrigated Crops

Grain  Smatll
Sorghum Grains

Soy-

Crops Range Cotton Beans

Corn

Benchmark 0.3 28.7 33.3 2.1 28.7 4.1 2.9
SL < T 0.3 28.7 33.3 2.1 28.7 4.1 2.9
SL < 2 0.3 28.8 16.2 1.3 53.6 0.0 0.0
SL < 4 0.3 28.7 34.2 3.0 29.7 1.3 2.9
SL <6 0.3 28.7 33.3 2.1 28.7 4.1 2.9
TR 50 0.3 28.7 33.3 2.1 28.7 4.1 2.9
TR 100 0.3 28.1 32.6 2.1 28.2 6.0 2.8
C 50 0.3 28.1 32.6 2.1 28.2 6.0 2.8
¢ 100 0.3 28.1 32.6 2.1 28.2 6.0 2.8
1T 50 0.3 28.7 33.3 2.1 28.7 4.1 2.9
IT 100 0.3 28.7 33.3 2.1 28.7 4.1 2.9
SL < T, TR 50 0.3 28.7 33.3 2.1 28.7 4.1 2.9
SL<T, C50 0.3 28.7 33.3 2.1 28.7 4.1 2.9
SL < T, IT 50 0.3 28.7 33.3 2.1 28.7 4.1 2.9
SL < 2, TR 50 0.3 28.7 16.2 1.3 53.4 0.3 0.0
SL <2, C50 0.3 28.8 16.2 1.3 53.5 0.0 0.0
SL < 2, IT 50 0.3 28.8 16.2 1.3 53.6 0.0 0.0
TX 0.3 28.7 33.3 2.1 28.7 4.1 2.9
X 0.3 28.7 33.3 2.1 28.7 4.1 2.9
X 0.3 28.7 33.3 2.1 28.7 4.1 2.9
TX 10 0.3 28.7 33.3 2.1 28.7 4.1 2.9
TX 12 0.3 28.7 33.3 2.1 28.7 4.1 2.9
TX 16 0.3 28.7 33.3 2.1 28.7 4.1 2.9
TX 20 0.3 28.7 33.3 2.1 28.7 4.1 2.9
TX 4, 50 T&C 0.3 28.1 32.6 2.1 28.2 6.0 2.8
TX 6, 50 T&C 0.3 28.1 32.6 2.1 28.2 6.0 2.8
TX 8, 50 T&C 0.3 28.1 32.6 2.1 28.2 6.0 2.8
TX 10, 50 T&C 0.3 28.1 32.6 2.1 28.2 6.0 2.8
TX 12, 50 T&C 0.3 28.1 32.6 2.1 28.2 6.0 2.8
TX 16, 50 T&C 0.3 28.1 32.6 2.1 28.2 6.0 2.8
TX 20, 50 T&C 0.3 28.1 32.6 2.1 28.2 6.0 2.8
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Table 57. Extent and cost of terracing and contouring by control opticon
for Lower Running Water Draw watershed assuming farmers have
a 200 year planning horizon.
Terracing Contouring

Acres Cost Acres Cost

(1000) ($1000) (1000) ($1000)
Benchmark 0.0 0.0 1.641 9.953
SL < T 0.0 0.0 3.107 20.278
SL <2 1.525 25.632 8.286 49.641
SL < 4 0.0 0 3.107 20.278
SL < 6 0.0 0 1.641 9.953
TR 50 0.0 0. 1.641 9.953
TR 100 9.248 210.022 0.0 0.0
C 50 0.0 0.0 5.495 43.341
C 100 0.0 0.0 16.137 123.569
IT 50 0.0 0.0 1.641 9.953
IT 100 0.0 0.0 1.641 9.953
SL <« T, TR 50 0.0 0.0 3.107 20.278
SL<T, €50 0.0 0.0 3.107 20.278
SL < T, IT 50 0.0 0.0 3.107 20.278
SL <2, TR 50 1.95¢ 35.628 8.170 48.946
SL <2, C50 1.525 25,632 8.372 50.274
SL < 2, IT 50 1.525 25.632 8.286 49.641
TX 4 0.0 0.0 1.641 9.953
TX 6 0.0 0.0 1.641 9.953
TX 8 0.0 0.0 1.641 9.953
TX 10 0.0 0.0 1.641 9.953
X 12 0.0 0.0 1.64] 9.953
TX 16 0.0 0.0 1.641 9.953
TX 20 0.0 0.0 1.641 9.953
TX 4, 50 T&C 0.0 0.0 5.495 43,34
TX 6, 50 T&C 0.0 0.0 5.495 43.341
TX 8, 50 R&C 0.0 0.0 5.495 43.341
TX 10, 50 T&C 0.0 0.0 5.581 43.975
TX 12, 50 T&C 0.0 0.0 5.581 43,975
TX 16, 50 T&C 0.0 0.0 7.546 58.443
TX 20, 50 T&C 0.0 0.0 7.546 58.443
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