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INTRODUCTION

The Federal Water Pollution Control Act Amendments of 1972,
Public Law 92-500, established a national goal of eliminating the
discharge of poliutants into the nation's waterways by 1985. As
a step toward that goal an interim water quality standard of “fish-
able, swimmable waters nationwide" by July 1, 1983 was determined.
Under section 208 of this law, each state was required to establish
a "continuing planning process" to define controls for agricultural
non-point sources of water pollution.

Section 208 calls for the development of state and area-wide
water quality management plans. The plans are to include "a process
to (i) identify if appropriate, agriculturally and silviculturally
related non-point sources of pollution, including runoff from
manure disposal areas, and from land used for livestock and crop
production, and (ii) set forth procedures and methods (including
land use requirements) to control to the extent feasible such
sources."”

The water quality issue of concern in this study is fertilizer
and pesticide residuals carried into waterways by sediment.

Since sediment is a potential transporter of pollutants, prac-
tices to control agricultural non-point source pollution would
probably be aimed at reducing soil loss. Conservation and conser-
vation related practices are, at present, considered the best

technical practices to abate agricultural non-point source pollution.



This study examines the economic impact of various policies
that could be used to reduce. soil loss. Both regulatory and vol-
untary policies are considered. Economic impacts examined include:
(a) impacts of the policies on farm income; (b) government costs
associated with the policies, including administration costs; (c)
off-site sediment damages that would be abated; and (d) social
desirability of the policies.

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

to agricultural producers as a group, and to society of implementing

them.



DESCRIPTION OF THE WATERSHED

The Duckcreek watershed encompasses an area of 208 square
miles almost entirely in Dickens county, Texas. It consists of
the main streams of Duck Creek from its origin, approximateiy four
miles east of McAdoo, to the Dickens-Kent county line and its major
tributaries: Cottonwood Creek, Dockum Creek, Spade Draw, and Wilson
Draw. A map of the watershed is given in Figure 1.

The topography of the watershed is quite varied and can be
separated into three distinct areas: the Rolling Piains Land
Resource Area; the High Plains Resource Area; and the Cap Rock
Escarpment which separates the two.

The High Plains Land Resource Area, which amounts to about eight
percent of the watershed, is characterized by a flat surface with a
general southeastward slope. The surface contains many shallow
depressions or sinks called playas, which are occasionally filled
to overflow by heavy rains. This causes a small portion of the
High Plains to contribute water to Duck Creek as runoff spills over
the Cap Rock Escarpment.

The Rolling Plains Land Resource Area has a surface that is
gently sloping to rolling in the uplands with many nearly level
areas in the broad alluvial valleys. It encompasses approximately
eighty percent of the watershed.

The remaining twelve percent of the watershed is formed by
the Cap Rock Escarpment which delineates the eastern edge of the
High Plains. The slopes along the escarpment range up to twenty

to fifty percent. The buttes, canyons, large gullies, and "arroyo
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Tike" channels, characteristic of the escarpment, illuminate the
geologic instability of the area and the rapid rate of erosion.

Elevations in the watershed range from greater than 2,900
feet on the High Plains to about 2,140 feet on the flood plain at
the Dickens-Kent county line.

The climate is warm and semi-arid. Mean monthly temperatures
range from 42 degrees Fahrenheit in January to 82 degrees in July.
The normal growing season in 242 days, extending from March 19 to
November 16. The average annual rainfall is 21.36 inches with the
heaviest rainfall period extending from April through October.

The monthly average ranges from 2.96 inches in September to 0.55
inches in January. Much of the rain falls as intense Tocal showers
which result in rapid runoff and an increased potential for severe
soil erosion.

The watershed soils are in general deep, fertile, moderately
permeable fine sandy loams and clay loams in the valleys; very
shallow to deep, moderately to very slowly permeable clay loams in
the rolling uplands; very shallow to deep, moderately to somewhat
rapidly permeable fine sandy loams and clay loams in the Cap Rock Es-
carpment; and shallow to deep, slowly to very slowly permeable clay
loams on the High Plains. The dominant soil series are Spur, Miles,
Abilene, Wichita, Weymouth, Vernon, Bippus, Mansker, Potter, and
Pullman. The individual soils and extent of each are listed in
Table 1.

Over the last five years approximately 20 percent of the water-

shed has been planted to cotton, 14 percent to sorghum, and 11



Table 1. Acreages of cropland and rangeland in the Duck Creek water-
shed by soil mapping unit.@

Soil AgﬁELS. Acreage
Abilene clay loam, 0-1% slopes AUCT 2,960
Berda-Mansker complex, 3-8% sTopes BMCO 4,678
Berda-Potter association, 3-30% slopes BPAS 4,061
Bippus clay loam, 1-3% slopes BC13 548
Brownfield-Nobscot association BNAU 5,623
Llatom gravelly soils, 3-8% slopes LG38 462
Lofton clay loam LTCL 738
Mansker loam, 1-3% slopes MK13 2,957
Mansker toam, 3-5% slopes MK35 1,183
Meno fine sandy Toam MFSL 1,874
Meno Toamy fine sand MLFS 3,749
Miles fine sandy loam, 0-1% slopes MLOT 4,003
Miles fine sandy Tocam, 1-3% sTopes ML13 19,721
Miles fine sandy loam, 3-5% slopes ML35 15,874
Miles fine sandy loam, 5-8% slopes ML58 704
Miles loamy fine sand, 0-3% slopes MS03 7,477
Miles loamy fine sand, 3-5% slopes MS35 5,689
Miles soils, 2-6% slopes MI26 704
Mobeetie fine sandy Toam, 1-3% slopes MB13 164
Mobeetie fine sandy Toam, 3-5% slopes MB35 384
01ton clay loam, 0-1% slopes 0ca1 4,986
Olton clay loam, 1-3% slopes 0C13 10,969
Pullman clay loam, 0-1% slopes PCO1Y 7,793
Pullman clay Toam, 1-3% slopes PC13 1,063
Randall clay RANC 689
Randall fine sandy Toam RANL 49
Rough broken Tland RBLD 4,521
Spur clay Toam SPCL 899
Spur fine sandy loam SPSL 1,499
Stanford clay 1-3% slopes SC13 462
Tillman clay loam, 0-1% slopes TCO 164
Tillman clay Toam, 1-3% slopes TC13 308
Vernon soils, 3-8% slopes VYN38 3,811
Vernon-Badland complex VBCO 2,128
Weymouth clay loam, 1-3% slopes WC13 3,51
Weymouth clay loam, 3-5% slopes WC35 1,351
Woodward loam, 1-3% slopes WL13 152
Woodward loam, 3-5% slopes WL35 278
Woodward-Quinlan loam, 3-15% slopes WQLM 1,414
Total Acreage 129,590

aSource: Seil and Water Conservation Service.



percent to wheat and other small grains. Only about 1200 acres
are irrigated in the watershed. Table 2 Tists the average land
use pattern in the watershed for the 1970-1975 period.

The Duckcreek watershed is a Public Law 566 watershed protec-
tion project area. A system of 12 floodwater retarding structures,
5 grade stabilization structures and 7 structures for streambank
protection have been erected. The floodwater retarding structures
have a combined design storage capacity of 29,089 acre-feet of which
10,281 acre-feet is designated for sediment accumulation.

In a 1976 survey of conservation problems in Texas as viewed by the
Soil and Water Conservation District Directors, agricultural non-point
source pollutants in the Rolling Plains Land Resource Area were
rated as a problem of slight to moderate severity, as were floods.
They were ranked fourteenth and tenth, respectably, among the area's
problems. However, water erosion, as an on-farm 5011 management
problem, and the economics of conservation were ranked second and
third, being considered problems of moderate to severe proportions.
Thus, the on-farm erosion problem is viewed as more critical than
the off-farm down stream flooding and pollution problem. The
complete survey results for the Rollings Plains Resource Area are

given in Table 3.



Table 2. Approximate land use in the Duck Creek watershed for the
period of 1970-1975.4

Land Use Acreage Percent

Cropland
Cotton 27,000 20.3
Grain Sorghum 19,000 14.3
Wheat, Small grains 15,000 11.3
Pasture and Minor Crops 3,500 2.6
64,500 48.5
Rangeland 65,000 48.8
Miscellaneous’ 3,600 2.7
Total . 133,100 100.0

aSource: Soil and Water Conservation Service

bInc1udes roads, railroads, towns, stream channels, etc.



Table 3. Soil and water conservation district directors' rating of con-
servation problems in the Rolling Plains Land Resource Area.?

1/ Change in Con-

ProbTems Rank ggszs?gy diti?g in PastZ
ears
Water-Reiated Problems
T Non-Point Source Pollution
i Agricultural Non-Point
Source Pollutants 14 1.36 +.41
i1 Silvicultural Non-Point
Source Pollutants 23 .73 0
ii1 Mining Operations Non-Point
Source Pollutants 19 1.05 -.02
iv Construction Site Non-Point
Source Pollutants 17 1.20 -.14
v Waste Disposal Non-Point
Source Pollutants 12 1.45 -.05
vi Salt Water Intrusion 12 1.45 -.16
vii Hydrologic Modifications 21 91 +.05
2 Floods 10 1.66 +.36
3  Inadequate Drainage 20 1.00 -.02
4 Inefficient Irrigation Systems 16 1.27 +.07
5> Improper Use of Ground Water 18 1.18 +.05
Soil Management Problems
& Water Erosion 2 2.27 +.59
7 Wind Erosion 8 1.80 +.54
8 Soil Compaction 13 1.47 +.50
3 Inefficient Tillage Systems 8 1.80 +.43
10 Salinity 15 1.32 -.07
11 Loss of Soil Moisture 6 1.89 +.36
Plant Management Problems
12 Undesirable Brush & Weeds ] .66 -.09
13 Weeds on Cropland 5 1.95 +.02
14 Difficulty of Grass
Establishment 4 2.06 +.57
15 OQOvergrazing 3 2.11 +.50
Other Problems, Issues, and Policies
16 Economics of Conservation 3 2.11 -.75

/ 2/

Scale of Present Severity] Scale of Change in Condition

in Past 10 Years

0 - 1.5 STight 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 Stight decline
3.5 - 4.5 VYery Severe 0 to 0.5 STlight improvement

0.5 to 1.5 Better
1.5 to 2.5 Much Better

aSource: Association of Texas Soil and Water Conservation Districts.
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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 only felt over a period of years as the
mix of inputs change for a given output. Erosion carries away the
topsoil 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
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 land is tied closely to
its future agricultural productivity. Thus, it was important that
this study consider not only present productiyity but also the ef-
fect on future productivity, and hence land values, of cropping and
conservation practices. Therefore, a long planning horizon is the
only appropriate time period for determining what is the appropriate
combination of crop rotations--conservation practices a landowner
should employ. In order to emphasis this point and to demonstrate
the importance of the length of the planning 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.

A1l 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 subtrac-
ting 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:

T Y

Py = & [B, (e

14t
(55) " - Cla) ]
=1 t 1+ T+

where

-3
1}

summation of discounted benefits and costs over time

t
H

time, in years

o)
It

¢ = gross benefits in year t

(2]
i}

t = gross costs in year t

interest rate minus inflation rate

—
[}

discount rate

e~
—
4|
—ts
— St
i "

length of planning horizon
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ON-FARM ECONOMICS OF SOIL CONSERVATION

In order to study the farm income consequences of soil con-
servation, a great deal of data both technical and economic is neces-
sary. The data required for this type of analysis includes: (a)
expected yields of all relevant crops for each soil in the water-
shed; (b) expected prices for each crop and its associated produc-
tion costs; (c) additional costs for the applicable conservation
practices; (d) expected soil loss associated with each cropping
practice-soil type combination; and (e) the effects of crop rota-
tions on the yield of individual crops. These sets of data were
combined to estimate the net present value return for each crop
rotation-conservation practice-soil mapping unit combination over

time periods of 10, 100 and 200 years.

Crop Yields

Table 4 gives the expected yield of the three major crops in
the Duckcreek watershed for each soil series plus the yield of
range grasses that could be expected if the land is not cropped.

Yields for irrigated crops are given for those few soils
that are presently irrigated. Though irrigation would increase
yields on several of the soils, the amount of irrigated land is
not increasing nor is it expected to in the foreseeable future due
to the lack of additional water for {rrigation. A1l yields are
for a typical level of management and input quality. The yield
data were furnished by U.S.D.A. 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 in Duckcreek watershed. ?

Dryland
Soil Cotton Grain
Lint Sorghum Wheat Range
(Tbs) {bu) (bu) (AUM)
AUOT 275.0 35.0 25.0 2.2
Irr. (Max 200 ac.) 550.0 69.6 50.0
BMCO 90.0 15.0 9.0 1.6
BPAS 102.0 17.0 10.2 1.7
BCT3 200.0 20.0 16.0 2.7
BNAU 105.0 10.6 8.8 2.5
LG38 0 0 0 0.8
LTCL 190.0 20.0 15.0 2.0
MK13 150.0 17.9 12.0 2.0
MK35 125.0 14.3 10.0 1.9
MFSL 300.0 30.0 20.0 2.6
MLFS 250.0 25.0 15.0 2.4
MLO1 300.0 30.0 20.0 2.6
ML13 250.0 25.0 20.0 2.4
Irr. (Max 500 ac.) 600.0 60.0 40.0
ML35 200.0 20.0 15.0 2.3
ML58 0 0 0 2.2
MS03 250.0 25.0 15.0 2.4
MS35 0 0 0 2.3
MI26 0 0 0 2.2
MB13 200.0 22.3 15.0 2.1
MB35 0 17.9 10.0 1.9
0Co1 200.0 20.0 16.0 1.9
0Cc13 175.0 15.0 14.0 1.7
PCO1 200.0 20.0 15.0 1.8
PC13 150.0 15.0 12.0 1.6
RANC 0 0 0 1.3
RANL 0 0 0 1.6
RBLD 0 0 0 0.8
SPCL 225.0 25.0 20.0 2.9
Irr. (Max 50 ac.) 450.0 50.0 40.0
SPSL 250.0 25.0 18.0 2.9
Irr. (Max 450 ac.) 500.0 50.0 36.0
SC13 150.0 20.0 15.0 1.4
TCOT 250.0 30.0 25.0 1.9
TC13 225.0 25.0 20.0 1.7
VN38 0 0 0 1.6
VBCO 0 0 0 0.8
WC13 200.0 20.0 15.0 1.6
WC35 150.0 15.0 10.0 1.6
WL13 300.0 30.0 20.0 3.1
WL 35 200.0 25.0 15.0 2.9
WQLM 0 0 0 2.3

aSource: Soi] Conservation Service and Texas Agricultural
Extension Service.
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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 arrive at as stable a set of long run
price relationships as possibie while at the same time tying prices
to production costs.

Table 5 Tists the production cost data. This production cost
information was developed from a set of 1977 crop budgets for the
Rol1Ting Plains Land Resource Area prepared by the Texas Agricultural
Extension Service. The basic cost data was modified to fit each
s0il1 mapping unit. The modification consisted 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 constuc-
tion cost; (c) the cost of rebuilding terraces every 10 years, as-
sumed to be one-third of the construction cost; and (d) an increase
in preharvest machinery and labor costs of five percent. Terracing

construction cost are listed by soil in Table 6.
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Table 6. Terrace Construction costs, average thickness of topsoil
and yield 1oss equation by soil mapping unit.a

Terrace Construction

. Average Yield
Soil Costs for: Topsoil Loss
Thickness Equation

glg;ﬁ Row (inches) (See Fig. 2)

Crops Crops

($/acre) ($/acre)
AUOT 27.57 33.10 8. B
BMCO 82.76 91.96 8. B
BPAS 89.97 99.71 6. A
BC13 47.29 55.18 8. c
BNAU 27.59 33.10 26. B
LG38 82.76 91.96 6. A
LTCL 27.59 33.10 9. B
MK13 47.29 55.18 6. B
MK35 73.25 82.76 5. B
MFSL 27.59 33.10 12. B
MLFS 47.29 55.18 10. B
MLO1 27.59 33.10 10. B
MLT3 47.29 55.18 9. B
ML35 73.25 82.76 6. B
ML58 89.97 899.71 5. B
MSO3 47.29 55.18 16. B
MS35 73.25 82.76 12. B
MI26 62.23 70.74 8. B
MB13 27.59 33.10 10. C
MB35 62.23 70.74 8 C
0CO1 27.59 33.10 8. B
0C13 47.29 55.18 7. B
PCO1 27.59 33.10 9 B
PC13 47.29 55.18 7. B
RANC 27.59 33.10 24, C
RANL 27.59 33.10 15. A
RBLD 89.97 99.71 2. A
SPCL 27.59 33.10 15, C
SPSL 27.59 33.10 16. C
SC13 47.29 55.18 7. C
TCO1 27.59 33.10 6. B
TC13 47.29 55.18 5. B
VN38 73.25 82.76 6. A
V8CO 82.76 91.9% 6. A
WC13 47.29 55.18 6. C
WC35 73.25 82.76 6. C
WL13 47.29 55.18 6. C
WL35 73.25 82.76 6. C
WQLM 89.97 99.71 6. C

aSource: 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. One reason is that the previous
crop influences the amount of erosion from the current crop, and
the average erosion rate for a rotation is not a simple average
of the erosion rates of the same crops grown continuously. The
second reason that rotations were considered is that the yield of
some crops will be higher (or lower) when grown in rotation with
another crop, or crops.

Table 7 1ists 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 as the crop
budget and yield information on cotton was given for cotton in ro-
tation with small grains. Continuous 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 less. Cotton grown in roation with sorghum was penal-
ized five percent due to the fact that while sorghum would provide
some fertility carryover, it would not be as great as the carryover
from small grains. The yield of cotton with small grains or cotton
in a three year rotation was not decreased. Sorghum yields were
increased seven percent in two yearrotations and fourteen percent in
three year rotations. This yield increase is attributable to John-
son grass control and fertility carryover in the various rotations.
Small grains in rotation with either cotton or sorghum were reduced

ten percent as the small grains would have to be planted late
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Table 7. Crop rotations considered in the analysis, associated USLE "C"
factors and the additional yield resuiting from growing a crop
in rotation with another crop.2

Rotation and Added Table e

Yield (in percent) Abbrev. Factor

Dryland

Cotton (-17) C .65
Grain Sorghum S .50
Wheat, Small Grains W 15
Range R .04
Cotton (-5)/Sorghum(7) c/S .45
Cotton/Wheat{-10) C/W .35
Sorghum(7)/Wheat(-10) S/W .30
Cotton/Sorghum(14)/Wheat(-10) C/S/H .35
Irrigated

Cotton(-17) | C-1 .65
Grain Sorghum S-1 .50
Wheat, Small Grains W-1 .15
Cotton{-5)/Sorghum(7) c/S-1 .45
Cotton/Wheat(-10) C/W-1 .35
Sorghum(7)/Wheat{-10) S/W-1 .30
Cotton/Sorghum(14)/Wheat(-10) C/S/uW-1 .35

a . . . , .
Source: Soil Conservation Service and Texas Agricultural Extension
Service.
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and on stalk ground. The late planting would decrease the moisture
available for plant growth and the stalks would interfere with field

preparation and even seed placement.

Soil Loss Factors

The universal soil Toss equation was used to calculate average
soil loss per acre for each soil series-crop rotation-conservation

practice combination in the watershed. This equation is;
A = RK(LS)CP

where A is gross erosion in tons per acre, R is a rainfall erosi-
vity index, K is a soil-erodibility factor, LS is a topographic
factor that represents the combined effects of slope length and
steepness, C is a cover and management factor, and P is a conser-
vation practice factor. Values for all of these factors were fur-
nished by the Soil Conservation Service and are reported in Tables
7 and 8. Also shown in Table 8 are the erosion tolerance Timits,
or "T" values, that have been established for each soil. Theoreti-
cally, if erosion is Tess than this T value, little or no yield
reduction results from the soil loss. These T values are treated
as potential constraints on erosion in the part of the economic
analysis that is presented in the second section of this report.
Table 9 shows estimated per acre erosion rates for each soil
series-conservation practice-crop rotation combination considered

in the study.
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Table 8. USLE factors by Soil mapping unit for Duck Cresk watershed.®

USLE Factors

So1] K LS LS p p T
Without With Contouring Terracing Ton/Acre/Year
Terraces Terraces

AUO1 0.32 0.16 0.16 1.00 1.00 5.0
BMCD 0.28 0.72 0.50 0.50 0.50 4.3
BPAS 0.28 1.30 0.70 0.60 0.50 3.0
BC13 0.28 0.38 0.30 0.60 0.60 5.0
BNAU 0.16 0.13 0.13 1.00 1.00 5.0
LG38 0.24 0.76 0.76 1.00 1.00 1.0
LTCL 0.32 0.12 0.12 1.00 1.00 5.0
MK13 0.28 0.50 0.25 0.50 0.60 3.0
MK35 0.28 0.95 0.42 0.50 0.50 3.0
MFSL 0.24 0.17 0.17 1.00 1.00 5.0
MLFS 0.20 0.31 0.23 0.60 0.60 5.0
MLO1 0.24 0.17 0.17 1.00 1.00 5.0
ML13 0.24 0.31 0.23 0.60 0.60 5.0
ML35 0.24 0.53 0.42 0.50 0.50 5.0
ML58 0.24 0.95 0.95 1.00 1.00 5.0
MS03 0.20 0.38 0.30 0.60 0.60 5.0
MS35 0.20 0.53 0.53 1.00 1.00 5.0
MIZ26 0.20 0.40 0.40 1.00 1.00 5.0
MB13 0.24 0.18 0.18 1.00 1.00 3.0
MB35 0.24 0.35 0.35 1.00 1.00 3.0
0co1 0.32 0.16 0.16 1.00 1.00 5.0
0C13 0.32 0.22 0.19 0.60 0.60 5.0
PCO1 0.32 0.18 0.18 1.00 1.00 5.0
PC13 0.32 0.24 0.19 0.60 0.60 5.0
RANC 0.32 0.16 0.16 1.00 1.00 5.0
RANL 0.24 0.74 0.14 1.00 1.00 5.0
RBLD 0.37 2.74 2.74 1.00 1.00 1.0
SPCL 0.28 0.15 0.14 1.00 0.60 5.0
SPSL 0.24 0.15 0.14 1.00 0.60 5.0
SC13 0.32 0.15 0.15 0.60 1.00 4.0
TCO1 0.32 0.17 0.17 1.00 1.00 5.0
TC13 0.37 0.20 0.20 0.60 0.60 5.0
VN38 0.37 0.53 0.53 1.00 1.00 2.0
VBCO 0.37 0.80 0.80 1.00 1.00 0.6
WC13 0.32 0.32 0.30 0.60 0.60 3.0
WC35 0.32 0.48 0.42 0.50 0.50 3.0
WL13 0.28 0.32 0.30 0.60 0.60 3.0
WL35 0.28 0.40 0.40 0.50 1.00 3.0
WQLM 0.28 1.20 1.20 1.00 1.00 3.0

dSource: Soil Conservation Service and Texas Agricultural Extension
Service.
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Table 9. Expected soil loss (tons/acre/year) for each crop rotation,
soil type, and conservation practice.

: Crop Rotation
Soil cp

C S W R c/S c/W S/ C/S/HW

AUOT SR 5.59  4.30 1.29

BMCO SR 22.01 16.93 5.08
C 11.01  8.47 2.54
T 7.64 5.88 1.76

BPAS SR 39.75 30.58 9.17
C 23.85 18.35 5.50
T 10.70 8.23 2.47

.58  3.01

.16 11.85
.08 5.93
.53 4.12

.35 21.40
.01 12.84
.94 5.76

s
o
- NI
o
e
s
N
<0
e
—

BC13 SR 11.62 .94 2.68 0.72 .04 26 36 .26
C 6.97 .36 1.61 0.43 .83 75 22 .75
T 5.50 .23 1.27 0.34 .81 9% 54 .96
BNAU SR 2.27 .75 0.52 14 .57 22 05 .22
LG38 SR 19.92 15.32 4.60 23 13.79 10.73 19 10.73
LTCL SR 4.19 .23 0.97 26 .90 26 94 26
MK13 SR 15,29 11.76 3.53 0.94 10.58 23 .06 23
C 7.64 .88 1.76 0.47 .29 12 53 12
T 4.59 .53 1.06 0.28 .18 .47 12 47
MK35 SR 29.05 22.34 6.70 1.79 20.11 15.64 13.41 15.64
C 14.52 11.17 3.35 0.89 10.05 82
T 6.42 .94  1.48 0. . 46 96 46
MFSL SR 4,46 .43 1.03 0.27 .08 40 06 40
MLFS SR 6.77 .21 1.56 0.42 .69 65 12 65
C 4.06 .12 0.94 0.25 .
T 3.01 0.70 19 .09 62 39 62

MLO1 SR 4.46 A3 1.03

ML13 SR 8.12 .25 1.87 0.50 .62 37 75 37
C 4,87 .75 1.12 0.30 .37 62 25 .62
T 3.62 .78 0.83 0.22 .50 95 67 .95
ML35 SR 13.89 10.68 3.21 0.85 .62 48 41 48
C 6.95 .34  1.60 0.43 .81 74 .21 74
T 5.50 .23 1.27 0.34 .81 96 54 .96
ML58 SR 24.90 19.15 5,75 1.53 17.24 13.41 11.49 13.41
MSG3 SR 8.30 .38 1.92 0.5] .75 .47 .83 47
C 4.98 .83  1.15 0.31 .45 68 .30 68
T 3.93 .02 0.91 0.24 72 12 .81 12

.90 2.67
g2 2.02
.63 1.09

MS35 SR 11.58
MI26 SR 8.74
MB13 SR 4.72
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TabTe 9 {continued).

5011 e Crop Rotation
C S W R C/S C/W S/ C/S/U
MB35 SR 9.17 7.06 2.12 0.56 6.35 4.94 4.23 4.94
0Co1 SR 5.59 4.30 1.29 0.34 3.87 3.01 2.58 3.01
0C13 SR 7.6  5.91 1.77 0.47 5.32 4.14 3.55 4.14
C 4.61 3.55 1.06 0.28 3.19 2.48 2.13 2.48
T 3.98 3.06 0.92 0.25 2.76 2.15 1.84 2.1%
PCOT SR 6.29 4.84 1.45 0.39 4.35 3.39 2.90 3.39
PC13 SR 8.39 6.45 1.94 0.52 5.81 4.52 3.87 4.52
C 5.03 3.87 1.16 0.31 3.48 2.71 2.32 2.71
T 3.98 3.06 0.92 0.25 2.76 2.15 1.84 2.15
RANC SR 5.59  4.30 71.29 0.34 3.87 3.01 2.58 3.01
RANL SR 3.67 2.82 0.8 0.23 2.54 1.98 1.69 1.98
RBLD SR 110.71 85.16 25.55 6.81 76.64 59.61 51.10 59.611
SPCL SR 4.59 3.53 1.06 0.28 3.18 2.47 2.12 2.47
C 2.75 2.12 0.64 0.17 1.91 1.48 1.27 1.48
T 2.57 1.98 0.59 0.16 1.78 1.38 1.19 1.38
SPSL SR 3.93 3.02 0.91 0.24 2.72 2.12 1.81 2.12
C 2,36 1.81 0.54 0.15 1.63 1.27 1.09 1.27
T 2.20 1.69 0.5T 0.14 1.52 1.19 1.02 1.19
SC13 SR 5.24 4,03 1.21 0.32 3.63 2.82 2.42 2.82
C 3.14 2.42 0.73 0.19 2.18 1.69 1.45 1.69
TCO1 SR 5.94 4,57 1.37 0.37 4.11 3.20 2.74 3.20
TC13 SR 8.08 6.22 1.8 0.50 5.59 4.35 3.73 4.35
C 4.85 3.73 1.12 0.30 3.36 2.61 2.24 2.61
YN38 SR 21.41 16.47 4.94 1.32 14.83 11.53 9.88 11.53
VBCO SR 32.32 24,86 7.46 1.99 22.38 17.40 14.92 17.40
WC13 SR 11.18 8.60 2.58 0.69 7.74 6.02 5.16 6.02
C 6.71 5,16 1.55 0.417 4.64 3.61 3.10 3.61
T .29 4.84 1.45 0.39 4.35 3.39 2.90 3.39
WC35 SR 16.77 12.90 3.87 1.03 11.61 9.03 7.74 9.03
C 8.39 6.45 1.94 0.52 5.81 4.52 3.87 4.52
T 7.34 5.64 1.69 0.45 5.08 3.95 3.39 3.95
WL13 SR 9.78 7.53 2.26 0.60 6.77 5.27 4.52 5.27
C 5.8/ 4,52 1.35 0.36 4.06 3.16 2.71 3.16
T 5.50 4.23 1.27 0.34 3.81 2.96 2.54 2.96
WL35 SR 12.23  9.41 2.82 0.75 8.47 6.59 5.64 6.59
C 6.12 4.70 1.41 0.38 4.23 3.29 2.82 3.29
WQLM SR 36.69 28.22 8.47 2.26 25.40 19.76 16.93 19.76
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Yield Loss Attributal to Erosion

In a Tong-run analysis of soil conservation the relationship
between erosion and future crop yield is critical. This is be-
cause the on-farm benefits from conservation practices arise mainly
from the relatively higher future crop yield resulting from that
conservation practice. Unfortunately, very little experimental or
field data on this important relationship are available. Conse-
quently, 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 series that have subsoil that is unsuit-
able for field crop production. For this group, crop yield was
assumed to be zero after all topsoil was eroded. Group B consists
of soil series 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 top-
soil was eroded away. Group C consists of those soil series with
subsoils 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
belongs and initial average topsoil depth for each soil 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
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subjectively specify this relationship for each soil group. After
considerable discussion with Soil Conservation Service and Texas
ABM University scientists, the three relationships shown in Figure 2
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 Toss 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 Toss of the upper portions of initial topsoil.

For instance, the loss of the first 20 percent of topscil 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 relationships shown in Figure 2,
additional experimental and field research appears warranted.

In determining the effects of erosion on yield, the bulk density
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 Duckcreek watershed.
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Profitability of Conservation Practices

Profitability information for the various crop rotation-conser-
vation practice combinations for each soil in the Duckcreek water-
shed is given in Appendix A, Tables 14 through 52. A1l figures
are based on the assumptions previously stated. Al1 on-farm costs
associated with the conservation practices of contouring and ter-
racing are included when their profitability is calculated, but
there is no Federal cost sharing of terrace construction added in
nor is there any cost charged for the sediment leaving the fields.

As an illustration of the information given in these Tables,
consider Table 27 which gives the data for Miles fine sandy loam
with 3-5% slopes.

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 estimated percent
of topsoil Tost annually for each respective crop rotation-con-
servation practice combination. Column 4 given the per acre profit
in year 1. The next block of columns gives annual yield as a per-
cent of initial yield, and expected profit for years 10, 100, and
200. The final block of columns gives the present value of a profit
stream to year 10, 100, and 200.

As a specific example consider continuous cotton on Miles fine
sandy loam with 3-5% slope (Table 27). Given the assumed topsoil
thickness with straight row cultivation, 1.654 percent of the six
inches of topsoil (Table 6) would be lost annually. In year 1 net

profit from cotton production on this soil would be 15.67. The
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expected profit declines year by year as the topsoil is eroded

away until by the 200th year profit has dropped to a negative
$46.92. In physical terms the yield has declined to 96.0 percent

of the initial yield in year 10, to 25 percent in years 100 and 200.
The present value of profit for a 10 year period is $130. The
present value of profit over 100 years is negative $547 and negative
$1093 for 200 years. Negative present value of profit results from
the negative returns in the later years of the time horizon.

Table 27 shows the most profitable alternate over a 200 year period
to be range.

Many of the soils in the Duckcreek watershed are too flat for
contouring and terracing to have any effect on the rate of soil
loss. For these soils only the straight row cultivation practice
is Tisted. Also, only the crops that the soil can realistically
be expected to grow are listed. Thus, a few soil series such as
Randall fine sandy Toam have no field crop options and are only
Tisted for completeness.

Four soil mapping units have the potential for irrigation on
a restricted number of acres. The expected yields for crops under
irrigation and the acres available are listed as part of Table 4.
On these soils profit and yield information is also given for the
irrigated rotations as it is for example in Table 14.

The information in Tables 14 through 52 can also be used to
compare the profitability of the three cultural practices for a
particular crop as the time horizon is varied. For example, the

present value of profit from continuous cotton production on Bippus
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clay loam with 1-3% slope, (Table 17), and a ten year time horizon

is $140 under straight row cultivation versus $116 for contouring

and only $34 for terracing. However, as the time horizon is stretched
to 200 years straight row cotton cultivation is the Teast profitable
option at $81 bettered both by terracing at $273 and contouring at
$352.

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 at the same time. The
best crop rotation-conservation practice for each soil series and
time horizon can then be located. To illustrate, given a 10 year
time horizon the most profitable crop rotation-conservation practice
combination on Tillman clay with 1-3% slopes, (Table 45), is a
cotton-small grain rotation using straight row cultivation. When
the time horizon is shifted to 100 years, however, it is found to
be more profitable to contour with the cotton-small grain rotation,
but it is the most profitable to shift to a continuous small grain
cropping pattern.

Table 10 1ists the most profitable (or least costly) conser-
vation practice for each crop rotation and soil series, given a 100
year planning horizon. For most soils with slopes greater than
one percent, contouring or terracing was more profitable than straight
row cultivation for row crops. Table 11 shows the effects of in-
creasing the planning horizgn to 200 years, which results in a further

shift out of straight row cultivation into contouring or terracing.
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Table 10. Most profitable conservation practice? by soil mappine unit and
Crop rotation with 100 year planning horizon.@

Crop Rotation

Soil

c S W R ¢/S C/M S/ C/S/W
L SR SR SR SR SR SR SR SR
BMCO C C SR SR C c c C
BPAS 7 TZ €I SR TZ T2 TZ TZ
BC13, C SR SR SR SR SR SR SR
Eggg SR SR SR SR SR SR SR SR

- - _— SR - - - -
LTCLD SR SR SR SR SR SR SR SR
MK13 T C SR SR C C c C
MK 35 T C C SR T C c C
MFSLP SR SR SR SR SR SR SR SR
MLFS SR SR SR SR SR SR SR SR
MLO1b SR SR SR SR SR SR SR
ML13 C SR SR SR SR SR SR SR
MLgs C C SR SR € C C C
ML58 e = «c SR -- -- -- --
MSO3 SR SR SR SR SR SR SR SR
MS 35 I - -- -- -
MI26 - = = SR - -- - --
MB13P SR SR SR SR SR SR SR SR
MB35b - SR SR SR -- -- SR -
0co1b SR SR SR SR SR SR SR SR
0C13 C SR SR SR SR SR SR SR
PcO1P SR SR SR SR SR SR SR SR
PC13 C SR SR SR SR SR SR SR
RANC = == == SR -- - - -
RANL - == -—= SR -- -- -- --
RBLD e -- -- -- --
SPCL SR SR SR SR SR SR SR SR
SPSL SR SR SR SR SR SR SR SR
SC13 SR SR SR SR SR SR SR SR
TCO1b SR SR SR SR SR SR SR SR
TC13 C C SR SR C C C C
VYN38 e o= == SR - - - -
VBCO N -- - —
WC13 C C SR SR C SR SR SR
WC35 C C SR SR ¢ C c C
WL13 C C SR SR ¢ SR SR SR
WL35 C c SR SR C C SR ¢
WQLM i - -- --

41 denotes terracing, C contouring, SR straight row, Z means yield
in year 100 is zero for all systems, TZ means yield is zero in year 100
for all practices except terracing, and CZ means yield is zero in year
100 for straiaht row cultivation. '

bContourinq and terracing infeasible due to flatness of Tand or
shortness of average slope length.
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Table 11. Most profitable conservation practice by soil mapping unit and
crop rotation with 200 year planning horizon.a

Crop Rotation

Soil

C S W R c/S  C/M  S/W C/S/W
AUO1D SR SR SR SR SR SR SR SR
BMCO c C C SR ¢ C C C
BPAS 7 z TZ SR Z Z i A
BC13 C C SR SR C C SR C
Egggb SR SR SR SR SR SR SR SR

- — - SR - - — -
LTCLb SR SR SR SR SR SR SR SR
MK13 T C C SR T c C C
MK35 T C C SR T T C T
MFSLb SR SR SR SR SR SR SR SR
MLFS C C SR SR SR SR SR SR
MLO1D SR SR SR SR SR SR SR SR
ML13 C C SR SR C C SR C
mtgg c C C SR ¢ C c C

I - - SR — - - -
msgg c SR SR SR SR SR SR SR
1S = == == SR .- -- - --
MI26 - == —= SR -- -- -- —
MB13b SR SR SR SR SR SR SR SR
MB35P -~ SR SR SR -- -- SR --
0co1b SR SR SR SR SR SR SR SR
0C13 C C SR SR ¢ C SR c
PcO1b SR SR SR SR SR SR SR SR
Pg13 C c SR SR C C SR C
RANC e == —= SR - -- -- --
RANL = e= = SR - -- -- --
RBLD e -- - - --
SPCL SR SR SR SR SR SR SR SR
SPSL SR SR SR SR SR SR SR SR
SC13 SR SR SR SR SR SR SR SR
TCOTP SR SR SR SR SR SR SR SR
TC13 C C SR SR C C C C
VN38 -~ = = SR -- -- _— --
VBCO - == = SR -- -- -- --
Wel3 C C SR SR C C C c
WC35 C C SR SR C C C C
WL13 C c SR SR C C C C
WL 35 C C SR SR C c C C
WQLM - == —= SR - -- -- --

3T denotes terracing, C contouring, SR straight row, Z means yield
in year 200 is zero for all systems, TZ means yield is zero in year 200
for all practices except terracing, and CZ means yield is zero in year
200 for straight row cultivation.

bContouring and terracing infeasible due to flatness of Tand or
shortness of average slope length.
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Once again it can be seen that the need for conservation practices

becomes greater as the planning horizon is increased.

Cost-Sharing for Terrace Construction Cost

Profitability estimates for conservation practices shown in
Appendix A, Tables 14 through 52, were based on the assumption
that farmers would pay the full cost of adopting a conservation
practice. The Agricultural Stabilization and Conservation Service
presently makes a limted number of payments to farmers for 50
percent of the initial cost of constructing terraces. This type
of payments would obviously make terracing a more attractive alter-
native. To determine if this would make terracing more profitable
than contouring or straight row farming, one can determine the
amount of such a payment by taking 50 percent of the appropriate
terrace cost figure in Table 1 and add it to the present value
figures (Tables 14 through 52).

There are only a few instances where 50 percent cost-sharing
payments would make terracing profitable where it would not other-
wise be profitable. However, the payments may induce farmers to
terrace where it is already profitable because such payments greatly
ease the initial financial burden associated with constructing
terraces. Also since this model must of necessity deal in average
conditions, it may be that certain fields could be profitably ter-
raced with the construction assistance even though the average soil
mapping unit could not. Therefore, cost sharing for conservation
practices may have a greater impact than would be indicated by the

profitability calculations shown in Tables 14 through 52.
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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 poliution question and consider whether
controls are justified on economic grounds, on which control is
economically the most efficient, and on implementing a control if
a problem does indeed exist.

In designing a NPS control plan, it is necessary to define the
feasible control methods from a technical perspective. For con-
trol of sheet and rill erosion and sediment resulting therefrom,
the contrel 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 neces-

sary to determine a way of implementing a pollution control method.

The standard policy options for implementing a control include
regulation, provision of economic incentives, education, and public
investment. For point sources of pollutants, regulations are typi-
cally directed toward the pollutant at the point of emission into
waterways. However, this is not possible with NPS pollutants be-
cause they enter waterways at an infinite number of points. Hence,
regulations 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
pollution, or are not adopting conservation practices that would
be profitable. In these situations a successful education pro-
gram would increase producer's income as well as reducing the
environmental damage 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 governmental units. An example would be the con-
struction of municipal waste water treatment plants. In any parti-
cular NPS situation, a combination of the above policy options may
provide the best solution to the problem.
The specific erosion-sedimentation control options considered
for Duckcreek 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, 5, or 10
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 limit
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or a specific limit of 5 tons per acre combined with con-
touring or terracing subsidies.

7. Restricting soil Toss to less than the SCS limit or a spe-
cific 1imit of 5 tons per acre combined with a 50 percent
subsidy toward initial 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 loss of 4, 6, 8, 10, 12, 16 and 20
cents per ton combined with a subsidy of 50 percent of

the cost of terracing or contouring.

Table 12 1ists the control options with the abbreviation
for each used in the tables in Appendix B.

These policy options were chosen to cover a wide range of
avajlable alternatives. Section 208 of the 1972 Federal Pollution
Control Act Amendments 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 ex-
perience or experiment may suggest.

The soil Toss tax policy, while not practical, was considered
because it is an economic efficiency norm for reducing 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 level

of erosion. No other policy option will give a socially more
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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 administrative and enforcement costs be equal for all
policies; and (b) the administrative and enforcement costs be less
than the gains associated with a tax policy. Under these conditions,
the tax policy can be used as a norm against which the other poli-
cies (which may be more practical and politically viable) 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 soci-
ety when alternative policy options are impTemented at
various levels of control; 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 jus-
tified on economic efficiency grounds. Of course, in deciding be-
tween policies, the distributional or equity aspects and political
acceptability 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 DAMAGES

A procedure for estimating off-site damages resulting from
sediment in a watershed was developed by Lee and Guntermann. This
procedure attributes damages to the following factors: (1) an in-
crease 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 1ife; (3) the
sediment component of flood damages and démages associated with
sediment that remains in the watershed; (4) the increase in sedi-
ment damage that occurs after the end of a reservoir's economic Tife
or after the end of a flood control structure's economic Tife;

(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 implicitly 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 the Duckcreek watershed
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



38

12 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 Remoying Sediment from Flood Control Structures

For this component of damages, it was assumed that the sedi-
ment pool in a flood control structure would be allowed to completely
fi11, Then, before sediment reduced the flood contrel 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 per ton of sediment removed. With N as the 1ife of the
sediment pool it was assumed that a structure would be cleaned every

N years. N was computed by the following formula:

KC
N = RS
GeAyDRTE
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.

N is the net drainage area in acres;

R is the delivery ratio used to convert gross erosion to

sediment delivered.
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TE is trap efficiency of the reservoir; and

K is the conversion constant from acre-feet to tons.

C

Values for “RS, AN, and DR were obtained from the PL-566

watershed work plans for the Duckcreek watershed. K was assumed

to equal 1680 tons per acre-foot, and T

E to equal .95.
The present value cost of removing sediment from flood control

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

We's 1 (=) Nst e e oK
521 =1 TH r“RS,S
14N
12 (5—=) s
-y A “Crs, sk
S=1 14N
1- (337 s
where
PV = present value cost
C

r = per ton cost of removing sediment from a flood control
structure (= $1.01)

Ns = 1ife of the sediment pool of the Sth structure

i = interest rate

CRS,S capacity of the sediment pool in the Sth structure in

acre-feet.

The annualized cost of removing sediment from flood control

structures is:
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1 \N
12 (35=)"s
De=i-Pr=i 5z —H C,Crs, sk
FS -
S=1 1 - (_l_)NS
T+i
where
DFS = annualized cost of removing sediment from all flood con-

trol structures in Duckcreek watershed

Estimates of DFS for various levels 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 $24,156 for a gross erosion rate of 10.26 tons
per acre. For other erosion rates these damages were assumed pro-

portional to total erosion.

Total Damages

The total off-site damages in Duckcreek watershed with the
average gross erosion rate at 10,26 tons per acre per year are
$184,492 annually. Total damages for other erosion rates are given
in Table 50 and the total damage function is shown in Figure 3.

In evaluating the off-site damages that would be abated by con-
trols on sheet and rill erosion, it was assumed that erosion due
to gullies and streambanks would be about 423 thousand tons per
year. Thus, referring to Figure 3 it can be seen that off-site

damages would be approximately $10,000 in the absence of sheet
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and rill erosion. Damages attributed to sheet and rill erosion

would be in addition to this base level of damages.

43
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ECONOMIC CONSEQUENCES OF NPS POLLUTION CONTROL POLICIES

To calculate the economic consequences of 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) relative expected prices will re-
main constant; (b) expected present value of profit is a good indi-
cator of farmers' decision criteria; (¢) farm profits, government
cost or revenue and sediment damage abatement have the same social
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 out the discovery of
presently unknown ways to cheaply restore the soil fertility of
eroded soils or to remove sediment from waterways at little or no
cost. Furthermore, major changes in crop prices relative to the
general price structure would invalidate 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 Tess important and
the optimal erosion control would depend on the on-farm trade-offs
between present production and future production.

The second assumption asserts that the shifts in cropping

patterns will take place, as this is the decision criteria built
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into the model. Farmers have other criteria besides profit that
they base their decisions on. These other criteria might include;
personal preference for one crop over another, preference for Tei-
sure rather than more profit, varying estimates of risk and uncer-
tainty, 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 focusing
on it alone 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 trans-
fers from farm income to government or vice versa. Also, 1t im-
plies that farm income is equal in social desirability to a simi-
lar 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 rather than
lose a greater amount of profits than the value of the damages
abated.

The last assumption rules out ignorance of, or uncertainty about
the most profitable cropping system--conservation practice. It
also implies the assumption that financing will be available for
any necessary equipment shifts or terrace construction. Neither

of these conditions will always be met and that failure will reduce
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the actual change caused by implementation of any of the control
options specified.

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 Tikely bracket the

actual economic impact 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 Tand
in Duckcreek watershed.* For the watershed as a whole, these costs
will thus be $27,214 annually for the agricultural land in the water-
shed. The largest component of this cost estimate is based on the
amount of technical assistance that would be required to imple-
ment the policies. While there will be slight cost differences
between policies, this figure gives a rough floor to the administra-
tion and enforcement costs. This cost figure should be kept in
mind when considering the benefit and cost figures given in Ap-

pendix B; Tables 53 through 61.

*G.E. Kretzschmar, Jr. Texas Soil and Water Conservation
Board, personal communication.
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Estimated effects of various erosion-sedimentation control
policies on farm income, government cost or revenue, soil loss,
off-site sediment damages abated, and net social benefits are shown
in Table 53 for a planning horizon of 10 years. Table 54 gives
the associated acreage distribution, while Table 55 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 55). The distribution of crop acreage in the benchmark
solution (Table 54) was reasonably close to actual crop acreages
in recent years (Table 2).

The first column of Table 53 gives the estimated farm income
effect of the policies. For example, a restriction that per acre
soil loss not exceed the SCS tolerance (7) limits, would decrease
annualized farm income in the watershed by $60,090. Since this
policy does not involve a tax or subsidy, the government cost is
zero (column 2). The Timit to T values would reduce soil loss in the
watershed by 73.54 thousand tons, which decreases off-site sedi-
ment damages by $4,630 annually. The final column gives net social
benefits excluding any administrative or enforcement costs. This
column is calculated by adding off-site damages abated pTus govern-
ment revenue, minus government subsidies, to the change in farm
income. For the soil loss less than"“T" option, net social benefits,
excluding administrative costs, declined by $47.270. If admini-
strative costs for this policy are added, the net social benefits

woiuld decline even further. The negative net social welfare is
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the result of a larger loss in annual farm income than gain in
off-site damages abated.

From Table 53 it can be seen that none of the policy options
chosen show a positive net social benefit. Thus, we must conclude
that with a 10 year planning horizon and the previously stated
assumptions none of the options considered would be an economically
advantageous policy.

Model results for a 100 year planning horizon are given in
Tables 56 through 58 and results for the 200 year planning horizon
in Tables 59 through 61. Comparison of these results with the 10
year planning horizon results demonstrates the importance of the
length 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 optimum crop distribution to shift away from cotton to
more sorghum and small grains. Also, the distribution shifts out
of field crops back to pasture and range. With a ten year plan-
ning horizon (Table 54} the base run calls for 53.9 percent of
the Tand to be Teft as range. The 200 year planning horizon bench-
mark run (Table 60) directs 60.6 percent of the Tand to range.
These shifts are directly due to the reduced present value of
profits expected over the Tonger periods of soil erosion. These
shifts would be even more pronounced if contouring was not intro-
duced on 3,663 acres for the 100 year time horizon {Table 58) and

19,873 acres over the 200 year planning period, (Table 61}.
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There is a noticable trend in the way the various options
effect the change in farm income, net social benefit, crop distri-
bution, and amount of contouring and terracing as the planning
period lengthens. Given a short 10 year planning horizon regula-
tion 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 regulation forcing soil loss to
be kept below 2 tons per acre. This Timitation does force large
changes in the cropping pattern but significantly it does not make
conservation practices profitable except on 152 acres which are
terraced.

Taxes on soil Toss have no effect on cropping patterns, soil
loss, or terraced and contoured acreage with the 10 year planning
horizon. This is true even when a 50 percent terracing subsidy is
added. Terracing and contouring subsidies do not effect the crop-
ping pattern though a contouring subsidy of 100 percent does direct
34,918 acres into contouring causing an annual reduction in gross
soil Toss of 70,730. But even that has a net social cost of $60,990.

In short, given a ten year planning horizon the control options
chosen either fail to reduce gross soil loss or are exceedingly
expensive.

As the planning period is lengthened the control options tend
to have more effect on cropping patterns, conservation practices
and gross soil loss. This influence is greatest with the 200 year

planning horizon, (Table 59, 60, 61).
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The change in annualized farm income is not as drastic nor
is the change in net social benefit. This is because the long
time period allows the requirements or advantages of the various
controls to work in adjusted crop patterns and applied conservation
practices. Over the long time period the future yield effects of
reduced soil erosion work in conjunction with the sediment abate-
ment action of the control options to demonstrate the actual long
term effects of the various controls. As would be expected from
economic theory the soil loss tax options had the highest net
social benefit of the options tested. Nonetheless, even they
were not Targe enough to defray the expected administrative costs

of even the simplest tax scheme.
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SUMMARY AND CONCLUSION

This report Tooks at both the on-farm economics of soil con-
servation 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-
Tike 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 level of
soil conservaton 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 longer the planning horizon of the decision maker. To the ex-
tent that farmers do not employ the most profitable conservation
practice, 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 loss control options. Options based on
regulation, taxation, economic incentive and combinations thereof
were modeled. Given the estimate of off-site sediment damages

and the assumptions of the model, the analysis suggests that reg-

ulatory erosion-sedimentation controls or subsidies are not pre-

sently warranted from a social welfare viewpoint in the Duckcreek

watershed. However, it should be noted that the estimate of off-

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

The estimated farm income consequences of NPS controls 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 signifi-
cantly 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 comparative

crop prices.
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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 controi options for 10,

200 year planning horizons.

100 and
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Table 53. Major economic consequences of NPS control options in Duck Creek
watershed assuming farmers have a 10 year planning horizon.
Control gg::g?iigd Gov't Cost (-) Cﬁg:gsgin g::?;:ﬁt Nggnzg?lg1
Option Farm Income ©OF Revenue (+) Soil Loss Damages Excluding
($1000) ($1000) (1000 T) Abated Administrative
{$1000) Costs ($1000)
SL< T -60.09 0.0 73.54 12.82 -47.27
SL< 2 -680.85 0.0 242.86 39.20 -641.65
SL< § -35.37 0.0 59.71 10.47 -24.90
SL< 10 0.0 0.0 0.0 0.0 0
TR 50 0.0 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.
C 100 2.10 -75.43 70.73 12.34 -60.99
IT 50 0.0 0.0 .0 0.0 0.0
IT 100 0.0 0.0 .0 0.0 0.0
SL< T, TR 50 -59.23 -0.91 73.54 12.82 -47.31
SL< T, C 50 -52.21 -7.88 73.54 12.82 -47.27
SL< T, IT 50 -59.65 -4.19 73.54 12.82 -51.03
SL < 5, TR 50 ~35.37 0.0 59.71 10.47 -24.90
SL< 5, C 50 -23.63 -11.74 59.71 10.47 -24.90
SL< 5, IT 50 -35.37 0.0 59.71 10.47 -24.90
TX 4 -14.50 14.50 0.0 0.0 0.00
TX 6 -21.74 21.74 0.0 0.0 0.00
TX 8 -28.99 28.99 0.0 0.0 0.00
TX 10 ~36.24 36.24 0.0 0.0 0.00
TX 12 -43.49 43.49 0.0 0.0 0.00
TX 16 -57.99 57.99 0.0 0.0 0.00
TX 20 -72.48 72.48 0.0 0.0 0.00
TX 4, 50 T&C ~-14.50 14.50 0.0 0.0 0.00
TX 6, 50 T&C -21.74 21.74 0.0 0.0 0.00
TX 8, 50 T&C -28.99 28.99 0.0 0.0 0.00
TX 10, 50 T&C -36.24 36.24 0.0 0.0 0.00
TX 12, 50 T&C -43.49 43.49 0.0 0.0 0.00
TX 16, 50 T&C -57.99 57.99 0.0 0.0 0.00
TX 20, 50 T&C -72.48 72.48 0.0 0.0 0.00
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Table 54. Percent of acreage in each crop by control option for Duck Creek
watershed assuming farmers have a 10 year planning horizon.

8323221 Cotton Sg:ggﬂm Wheat Range
Benchmark 24.47 9.16 11.52 53.92
SL < T 23.05 7.74 11.52 56.76
SL < 2 0.52 0.40 22.21 75.94
SL < 5 24,47 9.22 11.52 53.92
SL < 10 24.47 9.16 11.52 53.92
TR 50 24.47 9.16 11.52 53.92
TR 100 24.47 9.16 11.52 53.92
€ 50 24.47 9.16 11.52 53.92
€ 100 24.47 9.16 11.52 53.92
IT 50 24.47 9.16 11.52 53.92
IT 100 24.47 9.16 11.52 53.92
SL < T, TR 50 23.05 7.74 11.52 56.76
SL< T, C50 23.05 7.74 11.52 56.76
SL < T, IT 50 23.05 7.74 11.52 56.76
SL < 5, TR 50 24.41 9.22 11.52 53.92
SL < 5, C 50 24.41 9.22 11.52 53.92
SL < 5, IT 50 24.47 g.22 11.52 53.92
TX 4 24.47 9.16 11.52 53.92
TX 6 24.47 9.16 11.52 53.92
TX 8 24,47 9.16 11.52 53.92
TX 10 24.47 9.16 11.52 53.92
TX 12 24.47 9.16 11.52 53.92
TX 16 24.47 9.16 11.52 53.92
TX 20 24.47 9.16 11.52 53.92
TX 4, 50 T&C 24.47 9.16 11.52 53.92
TX 6, 50 T&C 24.47 9.16 11.52 53.92
TX 8, 50 T&C 24.47 9.16 11.52 53.92
TX 10, 50 T&C 24,47 9.16 11.52 53.92
TX 12, 50 T&C 24.47 9.16 11.52 53.92
TX 16, 50 T&C 24.47 9.16 11.52 53.92
TX 20, 50 T&C 24.47 9.16 11.52 53.92
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Table 55. Extent and cost of terracing and contouring by control option
for Duck Creek 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 0.15 1.81 7.48 15.75
SL < 2 0.15 1.81 1.55 4.44
SL < 5 0.0 C.0 11.14 23.47
SL < 10 0.0 0.0 0.0 0.0
TR 50 0.0 0.0 0.0
TR 100 0.0 0.0 0.0
C 50 0.0 0.0 0.0
C 100 0.0 0.0 34.92 75.43
IT 50 0.0 0.0 0.0 0
IT 100 0.0 0.0 0.0 0
SL < T, TR 50 0.15 1.81 7.48 15.75
SL<T, C 50 0.15 1.81 7.48 15.75
SL < T, IT 50 0.15 1.81 7.48 15.75
SL < 5, TR 50 0.0 0.0 11.14 23.47
SL <5, €50 0.0 0.0 11.14 23.47
SL < 5, IT 50 0.0 0.0 11.14 23.47
X 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
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 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
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Table 56. Major economic consequences of NPS control options in Duck Creek
watershed assuming farmers have a 100 year planning horizon.

Offsite Net Social

Change 1n Gov't Cost (-) Change in Sediment Benefits

Control

. Annualized Gross .
PE Fam Incone 7 GEICHHS (1) soil Toss Dages | Bicluding,
($1000) Costs ($1000)

SL<T ~-26,52 0.0 61.85 10.69 -15.83
SL < 2 -496.95 0.0 254.64 40.13 -456.82
SL <5 -10.24 0.0 47.97 8.34 -1.91
SL < 10 0.0 0.0 0.0 0.0 0.0
TR 50 0.0 0.0 0.0 0. 0.0
TR 100 4.48 -23.17 13.25 2.33 -16.36
C 50 9.90 -29.78 41.31 7.20 -12.68
C 100 47.35 -82.71 61.45 10.62 -24.74
IT 50 0.0 0.0 0.0 0.0 0.
IT 100 0.0 0.0 0.0 0. 0.
SL<T, TR50  -26.04 -0.50 61.85 10.69 -15.86
SL < T, C 50 -12.60 -33.80 103.15 17.52 -28.87
SL <T, IT50 -26.44 . -4.19 61.85 10.69 -19.95
SL < 5, TR 50 -10.24 0.0 47.97 8.34 -1.91
SL <5, C 50 7.54 -37.66 89.28 15.25 -14.86
SL <5, IT50  -10.24 0.0 47.97 8.34 -1.91
X 4 -13.79 12.57 30.79 5.39 4.17
™ 6 -20.07 18.86 30.79 5.39 4.17
™@ 8 -26.36 25.14 30.79 5.39 4.17
TX 10 -32.64 31.43 30.79 5.39 4.17
TX 12 -38.93 37.72 30.79 5.39 4.17
TX 16 -51.49 50.21 31.28 5.47 4.19
TX 20 -64.00 62.25 33.85 5.91 4.17
TX 4, 50 T&C -2.23 -18.86 72.10 12.41 -8.68
TX 6, 50 T&C -7.69 -13.40 72.10 12.41 -8.68
TX 8, 50 T&C  -12.93 -17.19 89.28 15.25 -14.87
TX 10, 50 T&C  -18.04 -12.08 89.28 15.25 -14.87
TX 12, 50 T&C  -23.16 -6.96 89.28 15.25 -14.87
TX 16, 50 T&C  -33.38 3.19 89.77 15.33 -14.85

TX 20, 50 T&C -43.55 12.89 92.34

j—
(4]

.76 -14.90
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Table 57. Percent of acreage in each crop by control option for Duck Creek
watershed assuming farmers have a 100 year planning horizon.

Control Grain

Option Cotton Sorghunm Wheat Range
Benchmark 22.94 10.57 11.64 53.92
SL<T 21.52 9.15 11.64 56.76
SL < 2 12.40 4.79 14.60 67.27
SL < 5 22.94 10.57 11.64 53.92
SL < 10 22.94 10.57 11.64 53.92
TR 50 22.94 10.57 11.64 53.92
TR 100 22.94 10.57 11.64 53.92
C 50 23.06 10.57 11.52 53.92
C 100 23.06 10.57 11.52 53.92
IT 50 22.94 10.57 11.64 53.92
IT 100 22,94 10.57 11.64 53.92
SL < T, TR 50 21.52 9.15 11.64 56.76
SL < T, C50 21.64 9.15 11.52 56.76
SL < T, IT 50 21.52 9.15 11.64 56.76
SL < 5, TR 50 22.94 10.57 11.64 53.92
SL <5, C 50 23.06 10.57 11.52 53.92
SL < 5, IT 50 22.94 10.57 11.64 53.92
™ 4 22.94 10.57 11.64 53.92
™ 6 22,94 10.57 11.64 53.92
TX 8 22.94 10.57 11.64 53.92
TX 10 22.94 10.57 11.64 53.92
X 12 22.94 10.57 11.64 53.92
TX 16 22.88 10.51 11.64 54.05
TX 20 22.16 11.23 11.64 54.05
TX 4, 50 T&C 23.06 10.57 11.52 53.92
TX 6, 50 T&C 23.06 10.57 11.52 53.92
TX 8, 50 T&C 23.06 10.57 11.52 53.92
TX 10, 50 T&C 23.06 10.57 11.52 53.92
TX 12, 50 T&C 23.06 10.57 11.52 53.92
TX 16, 50 T&C 23.00 10.51 11.52 54.05

TX 20, 50 T&C 22.27 11.23 11.52 54.05
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Table 58. Extent and cost of terracing and contouring by control
option for Duck Creek 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 3.66 7.72
SL < T 0.15 1.00 7.48 15.75
SL < 2 31.10 206.11 1.55 4.44
SL <5 0.0 0.0 11.14 23.47
SL < 10 0.0 0.0 3.66 7.72
TR 50 0.0 .0 3.66 7.72
TR 100 3.51 23.17 0.15 0.32
C 50 0.0 0.0 27.44 59.56
C 100 0.0 0.0 37.78 82.71
IT 50 0.0 0.0 3.66 7.72
IT 100 0.0 0.0 3.66 7.72
SL< T, TR 50 0.15 1.00 7.48 15.75
SL < T, C 50 0.15 1.00 31.25 67.60
SL < T, IT 50 0.15 1.00 7.48 15.75
SL < 5, TR 50 0.0 0.0 11.14 23.47
SL < 5, C 50 0.0 0.0 34.92 75.31
SL < 5, IT 50 0.0 0.0 11.14 23.47
X 4 0.0 0.0 3.66 7.72
TX 6 0.0 6.0 3.66 7.72
TX 0.0 0.0 3.66 7.72
TX 10 0.0 0.0 3.66 7.72
TX 12 0.0 0.0 3.66 7.72
TX 16 0.0 0.0 3.66 7.72
TX 20 0.0 0.0 3.66 7.72
TX 4, 50 T&C 0.0 0.0 27.24 59.56
TX 6, 50 T&C 0.0 0.0 27.44 59.56
TX 8, 50 T&C 0.0 0.0 34.92 75.31
TX 10, 50 T&C 0.0 0.0 34.92 75.31
TX 12, 50 T&C 0.0 0.0 34.92 75.31
TX 16, 50 T&C 0.0 0.0 34.92 75.31
TX 20, 50 T&C 0.0 g.0 34.92 75.31
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Table 59. Major economic consequences of NPS control options in Duck Creek
watershed assuming farmers have a 200 year planning horizon.

Offsite Net Social

Control ggﬁﬂ&?iigd Gov't Cost (-) Chg:ggsin Sediment Benefits
Option Farm Income °F Revenue (+) 071 Loss Damages Excluding
($1000) ($1000) (1000 T) Abated Administrative
($1000) Costs ($1000)

SL < 7T -16.40 0.0 47.47 7.81 -8.60
SL < -425.25 0.0 189.72 28.93 -396.33
SL < -6.51 0.0 47.97 7.89 1.38
SL < 10 0.0 0. 0.0
TR 50 . 0.0 . 0. 0.0
TR 100 26.48 -174.75 60.63 9.91 -138.36
C 50 29.43 -37.70 14.17 2.37 -5.90
C 100 68.49 -82.80 17.14 2.86 -11.45
IT 50 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 -15.94 -0.49 47 .47 7.8] -8.62
SL < T, € 50 17.05 -33.69 54.72 8.97 ~7.67
SL < T, IT 50 -16.34 -4.19 47 .47 7.81 -12.73
SL < 5, TR 50 -6.51 0.0 47.97 7.89 1.38
SL <5, C 50 28.22 -37.70 44.96 7.41 -2.07
SL <5, IT 50 -6.51 0.0 47.97 7.89 1.38
X 4 -11.07 9.69 37.82 6.25 4. 87
TX 6 -15.40 12.69 68.74 11.19 8.47
TX 8 -19.63 16.91 68.74 11.19 8.47
TX 10 -23.86 21.14 68.74 11.19 8.47
TX 12 ~28.09 25.37 68.74 11.19 8.47
TX 16 -36.49 33.51 70.73 11.51 8.53
TX 20 -44,86 41.89 70.73 11.51 8.53
TX 4, 50 T&C 18.82 -28.29 44,96 7.41 -2.07
TX 6, 50 T&C 14.62 -25.44 75.88 12.31 1.49
TX 8, 50 T&C 10.53 -21.38 76.02 12.33 1.49
TX 10, 50 T&C €.45 -17.29 76.02 12.33 1.49
TX 12, 50 T&C 2.48 -10.59 86.29 13.93 5.82
TX 16, 50 T&C -5.22 -3.13 88.15 14.22 5.87
TX 20, 50 T&C -12.90 4,55 88.15 14.22 5.87
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Table 60. Percent of acreage in each crop by control option for Duck Creek
watershed assuming farmers have.a 200 year planning horizon.

832?231 Cotton Sgiggzm Wheat Range
Benchmark 18.88 5.88 9.71 60.61
SL < T 18.88 9.88 9.71 60.61
SL < 2 12.40 4.79 14.60 67.27
SL < 5 18.88 9.88 9.71 60.61
SL < 10 18.88 0.88 9.71 60.61
TR 50 18.88 9.88 9.71 60.61
TR 100 20.23 9.88 11.07 57.90
C 50 20.23 9.88 11.07 57.90
C 100 20.23 9.88 11.07 57.90
IT 50 18.88 9.88 9.71 60.61
IT 100 18.88 9.88 9.71 60.61
SL « T, TR 50 18.88 9.88 9.71 60.61
SL<T, C50 18.88 9.88 9.71 60.61
SL < T, IT 50 18.88 9.88 9.71 60.61
SL < 5, TR 50 18.88 9.88 9.71 60.61
SL < 5, C 50 20.23 9.88 11.07 57.90
SL < 5, IT 50 18.88 0.88 9.71 60.61
X 4 18.88 9.88 9.71 60.61
X 6 15.87 6.87 9.71 66.62
TX 8 15.87 6.87 9.71 66.62
TX 10 15.87 6.87 9.71 £6.62
TX 12 15.87 6.87 9.71 66.62
TX 16 15.54 6.81 9.45 67.27
TX 20 15.54 6.81 9.45 67.27
TX 4, 50 T&C 20.23 9.88 11.07 57.90
TX 6, 50 T&C 17.23 6.87 11.07 63.91
TX 8, 50 T&C 17.23 6.81 11.13 63.91
TX 10, 50 T&C 17.23 6.81 11.13 63.91
TX 12, 50 T&C 15.87 6.81 9.77 66.62
TX 16, 50 T&C 15.54 6.81 9.45 67.27
TX 20, 50 T&C 15.54 6.81 9.45 67.27
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Table 61. Extent and cost of terracing and contour1ng by control
option for Duck Creek watershed assuang farmers have
a 200 year planning horizon.

Terracing Contouring
Control
Option Acres Cost Acres Cost

(1000) ($1000) (1000) ($1000)
Benchmark 0.0 0.0 19.87 43.59
SL < T 0.15 0.97 27.20 59.02
SL < 2 31.10 199.99 1.55 4.44
SL <5 0.0 0.0 27.35 59.34
SL < 10 0.0 0.0 19.87 43.59
TR 50 0.0 0.0 19.87 43.59
TR 100 27.13 174.75 0.0 0.0
€ 50 0.0 0.0 34,92 75.40
C 100 0.0 0.0 37.78 82.80
IT 50 0.0 0.0 19.87 43.59
IT 100 0.0 0.0 19.87 43.59
SL < T, TR 50 0.15 0.97 27.20 59.02
SL<T, C50 0.15 0.97 31.25 67.38
SL < T, IT 50 0.15 0.97 27.20 59.02
SL < 5, TR 50 0.0 0.0 27.35 59,34
SL < 5, C 50 0.0 0.0 34.92 75.40
SL < 5, IT 50 0.0 0.0 27.35 59.34
TX 4 0.0 0.0 23.62 51.49
TX 6 0.0 0.0 23.62 51.49
X 8 0.0 0.0 23.62 51.49
TX 10 0.0 0.0 23.62 51.49
TX 12 0.0 0.0 23.62 51.49
TX 16 0.0 0.0 23.62 51.50
TX 20 0.0 0.0 23.62 51.50
TX 4, 50 T&C 0.0 0.0 34.92 75.40
TX 6, 50 T&C 0.0 0.0 34.92 75.40
TX 8, 50 T&C 0.0 0.0 34.92 75.42
TX 10, 50 T&C 0.0 0.0 34.92 75.42
TX 12, 50 T&C 0.0 0.0 31.41 67.71
TX 16, 50 T&C 0.0 0.0 31.41 67.71
TX 20, 50 T&C 0.0 0.0 31.41 67.71
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