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EXECUTIVE SUMMARY

This report summarizes results of economic analyses of erosion and

sedimentation in five agricultural watersheds in Texas (see fig. 1).

Economic analyses of the study areas considered both the on-farm economics

of soil conservation and the economic consequences of various sedimentation
control options. These topics were joined in the studies because they deal
with different facets of the same problem. Unlike some potential pollutants,
soil particles transported from a farmer's field thay may become a problem
downstream are a valuable resource, not a waste product. Because soil is
valuable in itself, some level of soil conservation is going to be economi-
cally desirable even if downstream damages are not present or are not consi-
dered by the farmer. Results of the studies show that soil conservation does
indeed pay in many situations and that its value is greater the longer the
planning horizon of a farmer. This suggests that an educational program in
this regard may reduce sediment damage while increasing farm income at the
same time.

Sediment can cause environmental damage (off-site costs) both directly
and indirectly. Directly, the soil particles can cause environmental damage
by filling up reservoirs and flood control structures and by deposition in
other places. Indirectly, sediment can cause environmental costs by carrying
plant nutrients that are potential pollutants. For the study watersheds, no
evidence was found that the concentration of plant nutrients in the water
posed health hazards to livestock or humans, nor caused undue eutrophication
in the watersheds. Consequently, the study focused on off-site sediment dam-
ages resulting from shortened economic lives of reservoir and flood control

structures and from sediment deposition in the watershed.
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Annualized off-site sediment damages ranged from a high of 26 cents per
ton of gross erosion in Lake Lavon watershed to 14 cents per ton of gross
erosion in Duck Creek, to 13.5 cents per ton of gross erosion in Lower Run-
ning Water Draw, to a negligible amount in Turkey Creek and Cameron County.
These estimates are considerably lower than off-site sediment damages in corn
belt watersheds {Lee & Guntermann).

Policy Options for Controlling Sediment

Public policies that can be implemented to abate off-site sediment dam-
ages include direct regulation, provision of economic incentives, education,
and public investment. For point sources of pollutants, regulations are
typically directed toward the pollutant at or near the point of emission into
waterways. However, this is infeasible with non-point sources such as sedi-
ment because they enter waterways at an infinite number of points. Hence,
regulations must be directed toward the practices that cause erosion and thus
sedimentation.

The economic incentive option includes alternatives such as Federal or
State cost-sharing for adoption of conservation practices, and disincentives
such as taxes or penalties on erosion. Education is a viable policy option
in situations where producers are not adopting soil conservation practices
that would be profitable. In these situations a successful education program
would increase producer's income as well as reducing off-site sediment dam-
ages. Public investment could be used to pay for dredging sediment from re-
servoirs and flood control structures to prevent loss of flood control, water
supply and recreational benefits.

Social benefits and costs of various policy options based on direct re-

gulation, taxation, and provision of economic incentives were estimated for



three watersheds: Lake Lavon, Duck Creek, and Lower Running Water Draw.
Items considered in the benefit-cost analysis were: (a) farm income con-
sequences; (b) off-site sediment damages abated; (c) governmental cost
or revenue; and (d) administration and enforcement costs associated with

each policy. The major conclusion of this sociai benefit and cost analy-

sis is that off-site damages are not large enough to warrant controls on

agricultural activities in any of the watersheds; that is, the costs to

society of controls exceed the total benefits to society for all of the

policy options considered. Another conclusion is that an education program

that emphasizes the on-farm profitability of conservation practices may re-

duce sediment damages while simultaneously increasing farm income.
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EROSION AND SEDIMENT DAMAGES AND ECONOMIC
IMPACTS OF POTENTIAL 208 CONTROLS: A SUMMARY
OF FIVE AGRICULTURAL WATERSHED STUDIES IN TEXAS

€. R. Taylor, D. R. Reneau, and B. L. Harris
INTRODUCTION

Public Law 92-500 - the 1972 Federal Water Pollution Control Act Amend-
ments - mandates the analysis of agricultural non-point source (NPS) pol-
lution controls. This report summarizes the results of a set of studies of
the economic impact of implementing potential agricultural NPS pollution con-
trols in five Texas watersheds (see fig. 1). Extensive analyses were comple-
ted for Lake Lavon, Duck Creek, and Lower Running Water Draw Watersheds,
while abbreviated analyses were completed for Cameron County and Turkey Creek
study areas. These study areas were selected in consultation with the Texas
Soil and Water Conservation Board and the Texas Department of Water Resources,
and were considered as representative of the major agricultural areas in the
state. Complete analyses of Cameron County and Turkey Creek were not done
after it was determined that erosion and sedimentation were negligible pro-
blems.

Analyses of Lake Lavon, Duck Creek, and Lower Running Water Draw Water-
sheds focus on: (a) effects of erosion controls on farm income; (b} off-
site sediment damages in the watersheds; and (c) costs of administering and
enforcing alternative erosion-sedimentation controls. Erosion controls con-
sidered include possible regulatory programs as well as voluntary programs
combined with economic incentives.

While the stimulus for this study was concern over potential pollution
{an off-site problem} it can not, because of long-run farm income conse-

quences, be separated from conservation problems (an On -farm problem). Thus,
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the study is as much an analysis of conservation economics as it is an analy-
sis of environmental economics. Accordingly, the individual reports contain
substantial information on the short and long-run on-farm benefits and costs
of various soil conservation practices for all soil mapping units in three
watersheds. Results are applicable to three Land Resource Areas in the

state: High Plains, Rolling Plains, and Blackland Prairies.

DESCRIPTION OF THE WATERSHEDS

Lake Lavon watershed covers an area of 477,613 acres, which is primarily
in Collin County, but also includes part of Grayson, Fannin and Hunt counties.
Soils in this nearly level to rolling prairie can be divided into three prin-
cipal soil groups: (1) bottomlands or alluvial soils {fine textured, slowly
and moderately permeable) that are highly productive; (2) black, waxy upland
soils (slowly permeable) that are used primarily for production of small
grains and pasture, and (3) light-colored, deep and shallow upland soils
over limestone and marble (moderately permeabie). Individual soil mapping
units and their extent in the watersned are given in Table 1.

In the past four years, 10 percent of the land in the watershed has been
planted to cotton, 16 percent to small grains, 19 percent to feed grains,
and the remainder to hay, pasture, and minor crops. Table 2 gives the approx-
imate land use for the 1972-75 period. A very small amount of the cropland
is irrigated.

Lavon dam, which is located about 25 miles northwest of Dalilas, was con-
structed for water supply, flood control and recreational purposes in 1953.
The dam was modified in 1974 to increase its capacity. The North Texas Mun-
icipal Water District has authorization to divert 50,000 acre-feet of water

for municipal use, 8,000 acre-feet for industrial purposes, and 2,000 acre-



Table 1. Acreages of soils and percent cropped by soil mapping unit
in Lavon watershed.d

Percent
Table Now
Soil Mapping Unit Abbrev. Acreage Cropped
Austin silty clay, 1 - 3% slopes AS13 31,000 40
Austin silty clay, 3 - 5% slopes, eroded AS35 43,000 20
Austin silty clay, 5 - 8% slopes, eroded AS58 19,000
Brackett soils BRAC 8,500 5
Burleson clay, 0 - 1% slopes BCO1 2,500 60-
Burleson clay, 1 - 3% slopes BC13 5,600 60
Burieson clay, 2 - 4% slopes, eroded BC24 1,500 50
Crockett soils, 2 - 5% slopes, eroded CR25 1,000 0
Fairlie soils FARL 37,000 50
Ferris clays, 5 - 12% slopes,
severely eroded F512 7,600 0
Frio clay loam, frequently flooded FCLF 1,500
Frio clay loam, occasionally flooded FCLC 4,400 30
Heiden clay, 3 - 5% slopes, eroded HC35 31,000 40
Heiden clay, 5 - 8% slopes, eroded HC58 23,000 0
Houston-Black clay, 0 - 1% slopes HBO1 36,000 60
Houston-Black clay, 2 ~ 3% slopes HB23 137,000 60
Houston-Black clay, 2 - 4% slopes, eroded  HB24 19,000 30
Trinity c1ay, frequentiy flooded TCFF 19,400 0
Trinity clay, occasionally flooded TCOF 15,900 40
Wilson clay loam, 0 - 1% slopes WCO1 650 50
Wilson clay loam, 1 - 3% slopes WC13 3,700 50
Total Acreage 448,250

dsource: SCS Soil Survey Reports. Acreage estimates exclude land
not used for crop production.



Table 2. Approximate average land use in Lavon watershed for the
1972-1975 period.2

Land Use Acreage Percentage
Crob1and
Cotton 49,843 10.4
Wheat, Small Grains 76,888 16.1
Grain Sorghum 91,641 19.2
Minor Crops 2,468 =B
220,880 46.2
Hay 50,976 107
Pasture 167,524 35.1
Woodtand 8,911 1.9
Misce]1aneousb 29,362 _ 6.1
Total 477,613 100.0

aSource: Spil Conservation Service.

bInc1udes roads, highways, railroad right-of-ways, towns, farm-
steads, stream channels, etc.



Table 3. Nitrate concentrations in Lavon mmmmﬁ<o%1.m

zowuz Lake Lavon- Lake Lavon- Lake Lavon-
Concentration zmmw Dam East Fork Arm PiTot Grove Arm
Average .22 .21 .19
Maximum .59 .49 .50
Mindimum .01 .03 .03

Sampling Period

5/72 to 7/77

9/73 to 4/77

9/73 to 1/77

%Source: Texas Water Quality Board (Now Department of Water Resources)



feet for domestic use. Since the reservoir was designed with a large sedi-
ment pool, silt has not significantly diminished the water supply and flood
control capacity of the reservoir although it could in the future.

Lavon watershed is comprised of three Public Law 566 watershed pro-
ject areas. These are Pilot Grove Creek, Sister Grove Creek, and the East
Fork of the Trinity River. Construrtion of 191 flood control structures has
been approved for these watersheds with 147 of the structures in place as of
October, 1976. These flood control structures along with land treatment have
reduced siltation of Lavon Reservoir.

Approximately 14 percent of the cropland is now terraced. However, in
recent years much of the terraced land has not been farmed on the contour,
thus reducing effectiveness of the terraces. Minimum tillage systems are
not feasible on most of the soils. For this reason, such systems were not
considered in this study.

Table 3 gives recent nitrate concentrations in three tocations in Lavon
Reservoir. Since the US Public Health standard for nitrates in drinking is
10 p.p.m. of N03-N, nitrates do not appear to pose a public health threat in
Lavon watershed.

Lower Running Water Draw watershed is Jocated 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 headwater tributary of the Brazos River. [t be-
gins about 25 miles northwest of Clovis, New Mexico, and flows east-south-
eastward approximately 150 miles crossing the High Plains section of the
Great Plains province. It fiows 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
tand Resource Area which is characterized by an extremely flat surface with
a gradual slope towards the southeast at an average 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 feet
above mean sea level 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 materials consist of Recent and Pleistocene soil, slope wash,
valley fill, and lake deposits of clay, silt and sand. The actual surface
texture of soils in the watershed range from clay to fine sandy loam. The
Amarillo fine sandy loam, Olton loam, and Pullman, Acuff, and Olton clay
Joams are soils that are nearly level to gently sloping. These soils are
deep and slowly to moderately permeable. Potter lToam and fine sandy loam are
very shallow, strongly calcareous, slowly 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 Lofton clay loam and
Randall clay and fine sandy Joam are lakebed deposits in "playas". Indivi-
dual soil mapping units and their extent in the watershed are given in Table
4,

As can be seen in Table 5, an estimated 71 percent of the watershed is



Table 4. Total and irrigated acreage by soil mapping unit in
Running Water Draw watershed.?

Irri-
Soil Table Total gated
Series Abbrev. Acreage Acres
Acuff loam, 0-1% slope ALOT 2,921 2,337
Acuff Toam, 1-3% slope ' ALT3 3,929 1,965
Acuff loam, 3-5% slope AL35 234 0
Amarillo fine sandy loam, 0-1% slope AFOT 122 92
Amarillo fine sandy loam, 1-3% slope AF13 232 116
Amarillo fine sandy loam, 3-5% siope AF35 36 0
Berda loam, 1-5% slope BL15 2,140 0
Berda loam, 5-8% slope BL58 1,943 0
Bippus fine sandy Toam, 0-1% slope BFOT 367 - 92
Bippus fine sandy loam, 1-3% slope BF13 367 0
Bippus loam, 0-1% slope BIOT 5,982 4,487
Bippus loam, 1-3% slope BI1T3 - 1,678 420
Bippus and Spur soils BSPU 1,430 0
Drake clay Toam, 1-3% slope DLT3 179 90
Drake clay loam, 3-8% slope DL38 302 0
Estacado loam, 0-1% slope ELOT 4,662 3,497
Estacado loam, 1-3% slope ELT3 5,298 3,444
Lipan soils LIPN 503 0
Lofton clay loam LOFL 3,793 3,034
Mansker Toam, 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
0l1ton loam, 0-1% slope OLO1 16,337 15,520
O0lton loam, 1-3% siope OL13 4,546 4,319
0lton loam, 3-5% slope 0L35 43 9
Posey fine -sandy loam, 0-3% slope PFO3 1,833 1,466
Posey soils,; 3-5% slope - PF35 400 0
Potter gravelly loam, 0-3% slope PGO3 870 0
Pullman clay loam, 0-1% slope PLOT 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 Toam, 0-1% slope ZLO1 192 173
Zita loam, 1-3% slope ZL13 96 86
Total Acreage 123,183 88, 308

35ource: SCS Soil Survey Reports.



Table 5. 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
Hiscellaneous® 16,506 1.7
Total 140,985 100.0

aSource: Soil Conservation Service.

bInc]uﬂes roads, highways, railroad right-of-ways, towns,
farmsteads, stream channels, etc.
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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 in pasture, 10 percent in rangeland, and 12 percent
is in miscellaneous uses such as urban area, farmsteads, roads, railroads,
and stream channels. Much of the cropland is irrigated and occurs primarily
on the nearly level plains surface. However, there is some cropland acreage
on the valley slopes.

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, sideoats grama, buffalograss, little blue-
stem, vine mesquite, and western wheat grass. Other common vegetation in-
cludes scattered yucca, cholla, pricklypear, and sand sagebrush. If the
range is grazed too closely, the better grasses die out, being replaced by
less desirable vegetation such as sand dropseed, three-awn grasses, yucca,
sand sagebrush, mesquite, and broom snake weed. Continued use for grazing
during this stage will increase the chances of wind and water erosion.

Climate in the watershed is semiarid. Summers are warm and predomi-
nately clear, and winters usually are mild. Mean temperature ranges from
39 degrees Fahrenheit in January to 79 degrees in July. Normal growing
season is from April through October 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 severely damage crops during spring and early summer.
Tornadoes generally occur each year, while severe windstorms are common in
the late spring.

The Lower Running Water Draw watershed is a Public Law 566 watershed
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project area. A system of land treatment measures and four floodwater re-
tarding structures have been erected. Land treatment consists of measures,
or combination of measures, which contribute directly to watershed protec-
tion, 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
accumulation.

Duck Creek watershed encompasses an area of 208 square miles almost en-
tirely in Dickens County, Texas. It consists of the main stream of Duck
Creek from its origin, approximately four miles east of McAdoo, to the
Dickens-Kent County 1ine, and its major tributaries: Cottonwood Creek,
Dockum Creek, Spade Draw, and Wilson Draw.

Topography of the watershed is varied and can be separated into three
distinct areas: the Rolling Plains Land Resource Area; the High Plains Re-
source Area; and the Cap Rock Escarpment which separates the other two.

The High Plains Land Resource Area, which amounts to about 8 percent of
the watershed, is characterized by a flat surface with a generail southeast-
ward slope. The surface contains many shallow depressions called playas,
which are occasionally filled to overflowing 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 80 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. Slopes a-
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long the escarpment range up from 20 to 50 percent. Buttes, canyons, large
gullies, and "arroyo like" channels, characteristic of the escarpment, exem-
plify the geologic instability of the area and the rapid rate of erosion.

Ejevations 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 is 242 days, extending from March 19 to November 16. The average an-
nual 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 local
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, moder-
ately to very slowly permeable clay loams in the rolling uplands; very shal-
low to deep, moderately to somewhat rapidly permeable fine sandy loams and
clay loams in the Cap Rock Escarpment; and shallow to deep, slowly to very
slowly permeable clay loams on the High Plains. Dominant soil series are
Spur, Miles, Abilene, Wichita, Weymouth, Vernon, Bippus, Mansker, Potter,
and Puliman. Individual soils and extent of each are listed in Table 6.

Over the last five years approximately 20 percent of the watershed has
been planted to cotton, 14 percent to sorghum, and 11 percent to wheat and
other small grains. Only about 1200 acres are irrigated in the watershed.
Table 7 lists the average land use pattern in the watershed for the 1970-

1975 period.
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Table 6. Acreages of cropland gnd rangeland in Duck Creek Watershed

by soil mapping unit.

Soii AgEEls. Acreage
Abilene clay Toam, 0-1% slopes AUOT 2,960
Berda-Mansker complex, 3-8% slopes 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
Latom gravelly soils, 3-8% slopes LG38 - 462
Lofton clay loam : LTCL 738
Mansker Toam, 1-3% slopes MK13 2,957
Mansker Toam, 3-5% slopes MK35 1,183
Meno fine sandy loam MFSL 1,874
Meno loamy fine sand MLFS 3,749
Miles fine sandy loam, 0-1% slopes MLO1 4,003
Miles fine sandy loam, 1-3% slopes ML13 19,721
Miles fine sandy loam, 3-5% siopes ML35 15,874
Miles fine sandy loam, 5-8% slopes ML58 704
Miles loamy fine sand, 0-3% slopes MS03 7,477
Miles Toamy 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 loam, 3-5% slopes MB35 384
Olton clay Toam, 0-1% slopes 0Co1 4,986
01ton clay loam, 1-3% slopes 0C13 10,969
Pullman clay loam, 0-1% slopes PCO1 7,793
Pullman clay loam, 1-3% slopes PC13 1,063
Randall clay RANC’ . 689
Randall fine sandy loam RANL 49
Rough broken Tand RBLD 4,521 .
Spur clay loam SPCL 899
Spur fine sandy Toam SPSL 1,499
Stanford clay 1-3% slopes SC13 462
Tillman clay loam, 0-1% slopes TCO1 154
Tillman clay loam, 1-3% slopes TC13 308
Yernon soils, 3-8% slopes - VN38 3,811
Vernon-Badland complex VBCO 2,128
Weymouth clay loam, 1-3% slopes WC13 3,511
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

qSource:  SCS Soil Survey Reports.
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Table 7. Approximate land use in 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
Misce]]aneousb 3,600 2.7
Total 133,100 100.0

a . ) . .
Source: Soil Conservation Service.

bInc]udes roads, railroads, towns, stream channels, etc,
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The Duck Creek watershed is a Public Law 566 watershed project area.
A system of 12 floodwater retarding structures, 5 grade stabilization struc-
tures and 7 structures for streambank protection have been erected. The
floodwater retarding structues have combined design storage capacity of
29,089 acre-feet of which 10,281 acre-feet is designated for sediment

accumulation.
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GROSS EROSION RATES

The universal soil Toss equation was used to calculate gross soil Toss
in the watersheds. This equation is:

A = RK(LS)CP
where A is gross erosion in tons per acre; R is a rainfall erosivity
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 conservation practice factor.
Value for all of these factors were furnished by the Soil Conservation
Service and are given in the detailed individual watershed reports.
Gross erosion rates for various crop rotation-conservation practice-
soil combinations are given in Tables 8, 9, and 10, respectively for
Lake Lavon, Lower Running Water Draw, and Duck Creek watersheds. Crop
rotation codes used in Tables 8, 9, and 10 are as follows:

C = continuous cotton

S - continuous grain sorghum
W = continuous winter wheat
H = coastal bermuda hay
P = coastal bermuda pasture
CP = common bermuda pasture
NP = native pasture

R = native range

CN continuous corn

SB = continuous soybeans

1l

Conservation practice codes are:

SR = straight row cultivation
C = contour cultivation
T = terraces with contour cultivation
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Table 10. Expected soil loss (tons/acre/year) for each crop rotation,
soil mapping unit, and conservation practice in Duck Creek

Watershed,
Soil cp Crop Rotation
c S W R C/S C/M  S/M C/S/U
AUOT SR 5.59 4.30 1.29 0.34 3.87 3.01 2.58 3.0T
BMCO SR 22,01 16.93 5.08 1.35 15.24 11.85 10.16 11.85
cC 11.01 8.47 2.54 0.68 7.62 5.93 5.08 5.93
T 7.64 5.88 1.76 0.47 5.29 4.12 3.53 4.12
BPAS SR 39.75 30.58 9.17 2.45 27.52 21.40 18.35 21.40
C 23.85 18.35 5.50 1.47 16.51 12.84 11.01 12.84
T 10.70 8.23 2.47 0.66 7.41 5.76 4.94 5.76
BC13 SR 11.62 8.94 2.68 0.72 8.04 6.26 5.36 6.26
C 6.97 5.36 1.61 0.43 4.83 3.75 3.22 3.75
T 5.50 4.23 1.27 0.34 3.81 2.96 2.54 2.9
BNAU SR 2.27 1.75 0.52 0.14 1.57 1.22 1.05 1.22
1G38 SR 19.92 15.32 4.60 1.23 13.79 10.73 9.19 10.73
LTCL SR 4.19 3.23 0.97 0.26 2.90 2.26 1.94 2.26
MK13 SR 15.29 11.76 3.53 0.94 10.58 8.23 7.06 8.23
C 7.64 5.88 1.76 0.47 5.29 4.12 3.53 4.12
T 4.59 3.53 1.06 0.28 3.18 2.47 2.12 2.47
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 7.82 6.70 7.8
T 6.42 4.94 1.48 0.40 4.45 3.46 2.96 3.46
MFSL. SR 4.46 3.43 1.03 0.27 3.08 2.40 2.06 2.40
MLFS SR 6.77 5.21 1.56 0.42 4.69 3.65 3.12 3.65
C 4.06 3.12 0.94 0.25 2.81 2.19 1.87 2.19
. T 3.01 2.32 0.70 0.19 2.09 1.62 1.39 1.62
MLO1 SR 4.46 3.43 1.03 0.27 3.08 2.40 2.06 2.40
MLT3 SR 8.12 6.25 1.87 0.50 5.62 4.37 3.75 4.37
C 4.87 3.75 1.12 0.30 3.37 2.62 2.25 2.62
T 3.62 2.78 0.83 0.22 2.50 1.95 1.67 1.95
ML35 SR 13.89 10.68 3.21 0.85 9.62 7.48 6.41 7.48
C 6.95 65.34 1.60 0.43 4.81 3.74 3.21 3.74
T 5,50 4.23 1.27 0.34 3.81 2.96 2.54 2.96
ML58 SR 24.90 19.15 5.75 1.53 17.24 13.41 11.49 13.41
MS03 SR 8.30 6.38 1.92 0.51 5.75 4.47 3.83 4.47
C 4.98 3.83 1.15 0.31 3.45 2.68 2.30 2.68
T 3.93 3.02 0.9] 0.24 2.72 2.12 1.81 2.12
MS35 SR 11.58 8.90 2.67 0.71 8.01 6.23 5.34 6.23
MI26 SR 8.74 6.72 2.02 0.54 6.05 4.70 4.03 4.70
MB13 SR 4.72 3.63 1.09 0.29 3.27 2.54 .2.18 2.54
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Table 10. (continued}.

Soi 1 o Crop Rotation
C S W R C/S C/H S/H C/S/u
MB35, SR 9,17 7.06 2.12 0.5 6.35 4.94 4.23 4,94
0col SR 5.59 4.30 1.29 0.34 3.87 3.01 2.58 3.01
0C13 SR 7.69 5.97 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 2.15
PCO1 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 0.3] 3.48 2.71% 2.32 2.7
T 3.98 3.06 0.92 Q.25 2.76 2.15 1.84 2.15
RANC SR 5.59  4.30 1.29 0.34 3.87 3.01 2.58 3.01
RANL SR '3.67 2.82 0.85 0.23 2.54 1.98 1.69 1.98
RBLD SR 110.71 8bk.16 25.55 6.81 76.64 59.67 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 1.8 0.59 0.16 1.78 1.38 1.19 1.38
SPSL SR 3.93 3,02 0.91 .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 0.51 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 Q.ZO
TC13 SR 8.08 6.22 1.8 0.50 5.59 4.35 3.73 4.35
i C 4,85 3.73 1.12 0.30 3.36 2.61 2.24 2.6]1
VN38 SR 21.41 16.47 4.94 1.32 14.83 11.53 9.88 11.53
VYBCO 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 0.41 4.64 3.61 3.10  3.61
T 6.29 4.84 1.45 0.39 4.3% 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 4.2
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 L.27 4.52 5.27
C 5.87 4.%2 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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ON FARM ECONOMICS OF SOIL CONSERVATION

Examination of the on-farm economics of soil conservation and thus the
farm income consequences of non-point pollution controls requires an im-
mense amount of technical and economic information specific to the water-
shed. The data required for an analysis of this type include: (a)} ex-
pected yields of the relevant crops on each soii; (b) soil loss associated
with each cropping practice on each soil; (c) effects of erosion on future
crop yields; (d) effects of crop rotations on yields of individual crops;
(e} basic production cost information; (f) additional cost for relevant
conservation practices; and (g) expected current and future prices for
crops. Data were combined to estimate the present value net return asso-
ciated with a particuiar crop rotation-conservation practice-soil mapping

unit combination for various time horizons up to 200 years.

Yield Loss Attributal to Erosion

A1l data used in computing present value net returns are reported in the
individual watershed reports. However, the estimate of the effect of erosion
on furture crop yield deserves emphasis here because of its critical impact
on profitability. This is a critical relationship because a large percentage
of the benefits from conservation practices arise 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. Consequently, for purposes of this study, it was necessary to de-
velop 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 soils that have sub-
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so0il that is unsuitable for field crop production. For this group, crop
yield was assumed to be zerc after all topsoil was eroded. Group B consists
of soil series with subsoils that are slightly suitable for field crop pro-
duction. It was assumed that crop yield on Group B soils would be 25 per-
cent of the currently attainable yield after all the topsoil 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 yields on noneroded sites. The group
to which each soil belongs and initial average topsoil depth for each soil
are shown in the individual reports.

Due to lack of experimental or field data on the relationship between
topsoil thickness and yield, it was necessary to subjectively specify this
relationship for each soil group. After considerable discussion with Soil
Conservation Service and Texas A&M University scientists, the three relation-
ships shown in Figure 2 were specified. The functions in Figure 2 have two
important characteristics. One is that each function is expressed in terms
of percent of topsoil Tost 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 ini-
tially 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
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the first 20 percent of topsoil in Group A will reduce yield by about 8 per-
cent, while the loss of the last 20 percent of topsoil will reduce yield by

about 46 percent. Because of the critical nature of the relationships_ shown

in Figure 2, additional experimental and field research appears warranted.

Natural formation of topsoil over time was not considered in the model,
at this is an extremely slow process for most soil situations. To the ex-
tent that topsoil formation occurs, the on-farm cost of erosion is slightly
over-stated.

Appropriate Planning Horizon and Discounting Future Benefits and Costs

The effect of soil conservation and erosion control in 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 concerned 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 perpetuity,
and given the limited alternate uses for agricultural land in most areas of
Texas, the value of land is tied closely to its future agricultural producti-
vity. Thus, it was important that this study consider not only present pro-
ductivity but also the effect 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 com-
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bination of crop rotations--conservation practices a landowner should employ.
In order to emphasize 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.

As a point of reference from wich to calculate the present value of
future benefits and costs, 1977 was designated the base year. To make all
future benefits and costs comparable to 1977 dollars, standard discounting
procedures were used. The interest rate used for all parts of the study was
7.3 percent, which is a ten year average of the private rate charged by banks.
An annual inflation rate of 5.8 percent was built into the computation of fu-
ture prices and costs. This is a ten year average of the U.S. inflation rate.

Profitability of Conservation Practices

Profitability information for crop rotation-conservation practice combi-
nations for each soil mapping unit in the study watersheds is given in the in-
dividual reports. Most profitable conservation practice by crop rotation for
each soil mapping unit is indicated in Tables 11 through 16 for planning hori-
zons of 100 and 200 years.

Cost-Sharing for Terrace Construction Cost

Most profitable conservation practices shown in Tables 11 through 16 were
based on the assumption that farmers would pay the full cost of adopting a
conservation practice. The Agricultural Stabilization and Conservation Ser-
vice (ASCS) and the Soil Conservation Service (SCS) presently make a 1imited
number of payments to farmers for 50 percent of the initial cost of construc-
ting terraces. This type of payment would obviously make terracing a more
attractive alternative to the farmer, but there are no instances where 50 per-

cent cost sharing payments would make terracing profitable where it would not
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Table 17. Most profitable conservation practice in Lavon Watershed by soil
mapping unit and crop rotation with a 100 year planning horizon.

Most Profitable Conservation Practice
Soil For Crop Rotation:

C S W €c/c/S  C/S/S  C/W/W  S/W/W C/S C/S/M

AS13 T ¢ SR ¢ c SR SR ¢ SR
AS35 T T ¢ T T T c T T
AS5S U -- -- - - -
BRAC - S— - -- - - -
BCO] SR SR SR SR SR SR SR SR SR
BC13 SR SR SR SR SR SR SR SR SR
BC24 - ¢ ¢ - - - e
CR25 — T € - -- -- €z -
FARL SR SR SR SR SR SR SR SR SR
F512 U - -- . -
FCLF R - - - .
FCLC SR SR SR SR SR SR SR SR SR
HC35 C ¢ SR ¢ c c SR c c
HC58 e - T -- -- -- - .
HBO1 SR SR SR SR SR SR SR SR SR
HB23 C € SR ¢ c SR SR C c
HB24 - € SR -- - -- c R —
TCFF e — - -- - — -
TCOF SR SR SR SR SR SR SR SR SR
WCO1 SR SR SR SR SR SR SR SR SR
WC13 Z T2 ¢ TZ TZ cz cz TZ 2

31 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 straight row cultivation.
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Table 12. Most Profitable conservation practice in Lavon Watershed by soil

mapping unit and crop rotation with a 200 year planning horizon.

Most Profitable Conservation Practice

for Crop Rotation

o C S W C/C/S C/S/S C/M/M S/M/M C/S C/S/S
AS13 T T ¢ T T c C T c’
AS35 T T T T T T T T T
AS58 . - - - em .
BRAC - - SR -- - - - e -
BCO? SR SR SR SR SR SR SR SR SR
BC13 T € SR T c SR SR C C
BC24 - Cc ¢ -- -- -- ¢ - -
CR25 - 7 TZ - -- -- 4 S —
FARL C SR SR ¢ SR SR SR SR SR
F512 . e - -- -- .
FCLF c.em o -- -- - e
FCLC SR SR SR SR SR SR SR SR SR
HC35 C ¢ ¢ c C C C C c
HC58 - - -- -- -- R —
HBOT SR SR SR SR SR SR SR SR SR
HB23 T C ¢ T T c c T C
HB24 -~ C ¢ -- -- -- C - -
TCFF c. e ee -- - .
TCOF SR SR SR SR SR SR SR SR SR
WCO1 SR SR SR SR SR SR SR SR SR
NC13 Z 7 17 1 Z Z T2 2 Z

aT 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.
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Table 15. Most profitable conservation practicea in Duck Creek Water-
shed by soil mapping unit and crop rotation with 100 year
horizon.@

Crop Rotation

Soi1l
¢ S W R C/S  C/M S/ C/S/M

Auo1b. | SR SR SR SR SR SR SR SR
BMCO C C SR SR C C C C
BPAS Wi TZ €Z SR TZ TZ TZ TZ
BC13 C SR SR SR SR SR SR SR
BNAUP SR SR SR SR SR SR SR SR
LG38 = = == SR -- - -- --
LTCLD SR * SR SR SR SR SR SR SR
MK13 T C SR SR ¢ C C C
MK35 T C C SR T C C C
MFsLb SR SR SR SR SR SR SR SR
MLFS SR SR SR SR SR SR SR SR
MLO1D SR SR SR SR SR SR SR
ML13 . SR - SR SR SR SR SR SR
ML 35 C C SR SR ¢ c C C
ML58 - e —= SR - -- -- -
MS03 SR SR SR SR SR SR SR SR
MS 35 -~ == == SR -- -- - -
MI26 - = —= SR - -- -- -
MB13P ' SR SR SR SR SR SR SR SR
MB 35D - SR SR SR -- - SR _—
0co1b SR SR SR SR SR SR SR SR
0C13 C SR SR SR SR SR SR SR
pco1b SR SR SR SR SR SR SR SR
PC13 c SR SR SR SR SR SR SR
RANC T S - - -
RANL T -- -- -
RBLD N -- -- -- -
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
TCO1P SR SR SR SR SR SR SR SR
TC13 C C SR SR C C C C
VN38 = == == SR - -- - --
VBCO . = e- —= SR - — -- -
WC13 C C SR SR ¢ 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 SR C
WQLM - == —= SR - -- - -

4T 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 straight row cultivation.

bContoum’nq and terracing infeasible due to flatness of Tand or
shortness of average slope length.
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Table 16. Most profitable conservation practice in Duck Creek Water-
shed by soil mapping unit and crop rotation with 200 year
otanning horizon.?

Crop Rotation

Soil
c S W R C/S C/W  S/W C/S/M

AUOTD SR SR SR SR SR SR SR SR
BMCO ¢ C C SR ¢ C C c
BPAS Z Z TZ SR 2 Z i Z
BC13 C C SR SR ¢ C SR C
EgAgb SR SR SR SR SR SR SR 'SR

3 -—-  —=  —— SR -- - -- --
LTcLb SR - SR SR SR SR SR SR SR
MK13 T C C SR T ¢ 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
mL35 ¢ C c SR ¢ C C c

L58 i - - -
MS03 C SR SR SR SR SR SR SR
MS35 -~ —= = SR - -- -- --
MI26 -= == —= SR - - - -
MB13b SR SR SR SR SR SR SR SR
MB35b - SR SR SR -- - SR -
0co1b SR SR SR SR SR SR SR SR
0C13 C C SR SR ¢ C SR ¢
PCO1b SR SR SR SR SR SR SR SR
PC13 C C SR SR C C- SR C
RANC T -- - g
RANL i -- -- --
RBLD T -- -- -- --
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
TCO1P SR SR SR SR SR SR SR SR
TC13 C C SR SR ¢ C C C
VN38 - == = SR - - -- --
VBCO R -- - --
WC13 C C SR SR C C C C
WC35 C C SR SR ¢ C C C
WL13 c C SR SR C C C C
WL 35 c C SR SR ¢ C C C
WQLM - == —= SR -- -- - --

4T denotes terracing, C contouring, SR straight row, 7 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.

Contouring and terracing infeasible due to flatness of land or
shortness of average slope length.
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otherwise be profitable. However, cost-share payments may induce farmers

to terrace where it is already profitable because such payments greatly ease
the initial financial burden associated with constructing terraces. There-
fore, cost sharing for conservation practices may have a more significant

impact than one might otherwise surmise.
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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 controls are justified on eco-
nomic grounds, on which control is economically the most efficient, and on
implementing a control if a problem does exist.

In designing a NPS control plan, it is necessary to define the feasi-
ble control methods from a technical perspective. For control of sheet and
rill erosion and the sediment resulting therefrom, control methods considered
here are the conservation practices of contouring and terracing, and changes
in land use such as shifting to a crop or crop rotation which causes less ero-
sion. Mininum tillage systems were not considered because the systems are not
currently considered feasible, or present management practices already incor-
porate many of the advantages of these systems.

Once these technical alternatives are specified it is necessary to deter-

mine a way of implementing a pollution control method. Standard policy op-

tions for implementing & control include regulation, provision of economic
incentives, eduction, and public investment. For point sources of pollutants,
regulations are typically directed toward the pollutant at the point of emis-
sion into waterways. However, this is not possible with NPS pollutants be-
cause they enter waterways at an infinite number of points. Hence, regula-
tions must be directed toward the agricultural practices that cause or in-
fluence the NPS pollutants.

The economic incentive option includes alternatives such as Federal or
State cost-sharing arrangements for conservation practices, and excise taxes

on inputs such as fertilizers and pesticides or possibly on the soil lost
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from each farm acre. Education is a viable policy option in situations where
producers or others are misusing inputs that cause pollution, or are not
adopting conservation practices that would be profitabie. In these situa-
tions, 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 con-
trols that are not appropriate for individuals, but that can be justified by
governmental units. An example would be the construction of minicipal waste
water treatment plants. In any particular 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 each
of the three study watershed were:
1. Restricting soil loss to be no greater than the SCS tolerance or
"T" Timits for that soil type.
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 per-
cent of the additional cost for contouring.
4. Contouring subsidies or cost sharing arrangements for 50 to 100 per-
cent of the additional cost for contouring.
5. Cost sharing or subsidies for 50 and 100 percent of the initial con-
struction cost of terraces.
6. Restricting soil loss to be no greater than the SCS tolerance Timit
combined with a 50 percent terracing, contouring or terrace construc-

tion cost sharing arrangement.

7. Taxes on soil loss ranging up to 20 cents per ton.
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8. A soil loss tax of X dollars per ton combined with a 50 percent ter-

racing or contouring cost sharing arrangement.

These policy options are expected to cover the relevant range of alter-
natives. Specific options considered and their abbreviations are given in
Table 17.

The so0il loss tax policy, while probably not practical to implement, was
considered because it is an economic efficiency norm for correcting for off-
site sediment damages. Economic theory says that in a frictioniess 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 dam-
ages at the socially optimal level of erosion. No other policy will give a
socially more efficient (i.e. less costly from society's viewpoint) alloca-
tion of resources to crop production. Other requirements for this to be the
most efficient policy for pollution abatement are that: (a) the administra-
tive and enforcement costs to equal for all policies; and (b) the adminstra-
tive 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 policies (which may be more practical and politically viable) can be eva-
luated.

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

A. The off-side environmental damages that would be abated by the policy;

B. The private and social costs incurred by farmers and society when al-

ternative policy options are implemented at various levels of control;

and
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C. The implementation, administrative and enforcement costs associated

with each policy.

These benefits and cost components, once combined, indicate whether a
particuiar policy at a specific level of control is justified on economic
efficiency grounds. Of course, in deciding between policies, the distribu-
tional or equity aspects and political acceptability must also be considered.

Estimates of the above economic impacts for the policy options listed

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

Sediment can cause off-site damages both directly and indirectly. Sedi-
ment may indirectly contribute to pollution (an off-site cost) by carrying
into water bodies plant nutrients that pose health hazards or cause unde-
sirable eutrophication. No evidence was found that plant nutrients are at
a high enough level in the watersheds to cause human or livestock health
hazards or cause undue eutrophication of water bodies. Consequently, analy-
sis in the study areas focused on sediment per se as the main cause of off-
site damages.

Sediment damages were attributed to the following factors: (a) the
cost of removing sediment from flood control structures in a watershed by
draining and then cleaning sediment out; (b) the cost of dredging sediment
from any reservoir in the watershed; and (c) the sediment component of flood
damage and the damage associated with sediment that remains in the watershed.
Computational formula and damage estimates for each of these components fol-
Tow.

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 fill. The before
sediment recuced the flood control capacity of the structure, the structure
would be drained in a dry period and the sediment removed by builldozing 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 a sedi-
ment pool, it was assumed that a structure would be cleaned every N years.

N was computed by the following formula:
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KCRS

GeMORTE

N

where
N is the life of the sediment pool in years;
CRS is the capacity of the sediment pool in acre-feet;

G, 7s the gross erosion based on particular crop rotations, tillage
system, conservation practice, and management level for the water-
shed in tons/acre/year;

AN is the net drainage area in acres;

DR is the delivery ratio used to convert gross erosion to sediment
detivered;

TE is trap efficiency of the reservoir; and

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

Values for CRS’ AN’ and DR were obtained from appropriate PL-566 watershed
work plans. K was assumed to equal 1920 tons per acre-foot, and TE equal to
.95,

The present value cost of removing sediment from flood control struc-

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

191 = 1 Ns
R (777) 7 Crlps sk
S=1 ?‘__(]%)W; r-RS,sK
where
PV = present value cost
Cr = pear ton cost of removing sediment from a flood control structure

(=$1.01).
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life of the sediment pool of the SEh structure

=
1t

interest rate

—ts
1}

CRS s = capacity of the sediment pool in the SEn-structure in acre-feet.

The annualized cost of removing sediment from flood control structures is:

_ 191 1y s l
Dpg =1 - PV =4.12 1+i Crlrs, sk
S=1 1 Ng
T- (37

where
DFS = annualized cost of removing sediment from all flood control struc-
tures in the watershed.
Estimates of DFS for various levels of erosion are given in Tables 18 through
20.

Cost of Dredging a Reservoir

Annualized off-site sediment damages attr%buta] to the siltation of a
reservoir were based on the cost of dredging the sediment pool each time the
pool filled. Computation of the time required for the sediment pool to fill
is more complicated than for a flood control structure because the calculation
of sediment input is more complicated. Sediment input into the reservoir can
be conceptualized as the sum of two components. One component is sediment ori-
ginating in sub-watersheds that drain into flood control structures, while the
other component is that originating in sub-watersheds not protected by flood
control structures. Other things equal, sediment input into a reservoir from
a sub-watershed protected by a flood control structure is less than that from
an unprotected sub-watershed because the flood control structure traps sedi-
ment. Assuming that the trap efficiency of these structures is .95 and that

the gross erosion rate is the same for all sub-watersheds, the total annual
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sediment input into a reservoir can be computed as:

S = .05 DRAFGE + DRANFGE
where

S = annual sediment input into the reservoir

DR = delivery ratio

GE = gross erosion rate in tons per acre

AF = acreage in the watershed protected by flood control structures

other than the reservoir
ANF = acreage not protected by fiood control structures.

Based on this, the time required for the sediment pool in the reservoir to

fill can

N =

b
C

e calculated as:

RSk

where

CRs

K

S

years required for the sediment pool to fill, with average gross
erosion in the watershed equal to GE
capacity of the sediment pool in acre-feet

constant for converting acre-feet to tons.

To compute the cost of dredging Lavon, it was assumed that a small por-

table dredge with a 10" line would be used. Operating costs for this type of

dredge are about $240/hour, with 200 cubic yards/hour dredged.* Assuming that

the average density of sediment is 1.19 T/cubic yard, the cost per ton of sedi-

ment dredged is $1.01.

*The assistance of the Galveston and Ft. Worth branches of the US Army Corp
of Engineers in obtaining this cost estimate is gratefully acknowledged.
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The present value cost of dredging Lavon every N years into perpetuity

is given by the formula:

N p N
P () € Cuck = | (TFT) € Cock
PV = I " = -
t=1 141 d“RS ]TN_ d"RS
T+i

where
PV = present value cost
Cd = per ton cost of dredging sediment
i = interest rate

CRS and K as previously defined
The annualized cost of dredging sediment from Lavon Reservoir is:
. : 1 N
D, =1 - PV = iC CpcK SE=?

Table 18 gives estimated value of DL for different erosion leveis.

Estimates of other damages (DS)'for recent erosion rates were
obtained directly from the PL-566 watershed work plans. For other erosion
rates these damages were assumed proportional to total erosion. Off-site
sediment damages per ton of soil in Lake Lavon, Duck Creek, and Lower Running
Water Draw watersheds are shown in Figure 3, while total damages for various
amounts of gross erosion are given in Tables 18 through 20. O0ff-site damages
per ton of soil are lower with low average gross erosion rates. This is be-
cause a low average rate of erosion will not fill sediment pools in flood con-
trol structures and reservoirs until relatively far into the future. This re-
duces annualized off-site damages relative to what they would be with a higher

average erosion rate.
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ECONOMIC CONSEQUENCES OF NPA POLLUTION CONTROL POLICIES

To calculate the economic conseguences of various control options it was
necessary to make certain basic assumptions. These assumptions can be criti-
cal 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 remain constant; (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 social value weights;
and (d) farmers will act rationally and in their own self interest.

Assumption (a) rules out any large technological breakthroughs that
would drastically change production costs or the yield of one crop in rela-
tion 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 1ittle 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 beneficiai. On the other hand, if relative crop
prices rise, off-site damages would become less important and the optimal
erosion would depend on the on-farm trade-offs between present production
and future production.

The second assumption (b} asserts that the shifts in cropping patterns
will take place, as this is the decision criteria built into the model.
Farmers have other c¢riteria besides profit that they base their decisions on.

These other criteria might include; personal preference for one crop over
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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 pro-
fit is the most important consideration and focusing on it alone will yield
generally accurate results.

The third assumption (c) 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 trans-
fer for part of the jointly held social welth. Net social benefit does not
change if money transfers from farm income to government or vice versa. Also,
it implies that farm income is equal in social desirability to a similar dol-
Jar 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 dam-
ages 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 assump-
tion 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 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
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uncertainty about the length of farmers' planning horizons, 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 eco-

nomic impact of the erosion controls considered.

Administrative and Enforcement Costs

The cost of administering and enforcing any of the NPS controls consid-
ered here has been estimated to range between $0.05 and $1.00 per acre with
an average of $0.21 per acre.* The largest component of this cost estimate
is based on the amount of technical assistance that would be required to im-
plement the policies. The $0.21 average figure would apply to Duck Creek and
Lower Running Water Draw watersheds, while administrative and enforcement costs
in Lake Lavon watershed would be about $0.50 per acre. Cost would be higher
in Lavon because of smaller farm size and a higher erosion potential. Total
annual administrative and enforcement costs for the agricultural land will be
$224,125 for Lavon, $25,868 for Lower Running Water Draw, and $27.217 for
Duck Creek. While theré will be slight cost differences between policies,
these figures give a rough floor to the administration and enforcement costs.

Effects of NPS Controls in Lavon Watershed

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 in Lavon watershed are shown in Table 21 for
a planning horizon of 10 years. With only a ten year planning horizon, ter-

racing and contouring were found to be unprofitable in the benchmark model

* G. E. Kretzschmar, Jr., Texas Soil and Water Conservation Board, perscnal
communication.
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Table 21. Major economic consequences of NPS control options in Lavon
watershed assuming farmers have a 10 year planning horizon.

Offsite Net Social

Control gzﬁﬂg?iigd Gov't Cost(~) Chg?ggsin Sediment Benefits
Gption  Farm ncome O FEIENS (1) soil Toes UGe0e DICIOE,
($1000) (1000 T)
{$1000) Costs ($1000)

SL < T -4349.44 0.0 3295.07 913.77 -3435.67
SL < 2 -4483.13 0.0 3473.50 942.27 -3540.86
SL < 5 -3894,08 0.0 3147.58  887.85 -3006.23
SL < 10 -600.30 0.0 1476.11 476.19 -124.11
TR 50 0.0 0.0 0.0 0.0 0.0
TR 100 9.01 -42.18 72.48  24.72 - 8.45
C 50 2.06 -7.80 31.39 10.72 4.98
¢ 100 136.77 -811.47 1578.60  506:34 -168.36
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 -3207.84 -1201.70 3295.07  913.77 -3495.77
SL<T, C5  -4331.63 -28.87 3255.96 907.10 -3453.40
SL < T, IT 50 -3835.34 -4990, 22 3308.54  916.04 -7909.53
SL < 5, TR 50 -2880.90 -1066.51 3147.58 887.85 -3059.56
SL < 5, C 50 -3839.89 -65.26 3089.17 877.01 -3028.14
SL < 5, IT 50 -3440.26 -4405.10 3147.58 887.85 -6957.50
TX 8 -302.75 302.75 0.0 0.0 -0.00
TX 10 ) -378.44 378.44 0.0 0.0 -0.00
TX 12 -454,12 454,12 0.0 0.0 0.00
TX 14 -529.8]1 529.81 0.0 0.0 ©0.00
TX 16 -605. 50 605.50 0.0 0.0 0.00
TX 18 -681.19 681.19 0.0 0.0 -0.00
TX 20 -756.37 75C.60 31.39 10.72 4.95
TX 8, 50 T&C  -296.93 216.45 350.34  118.54 38.07
TX 10, 50 T&C  -365.63 285.13 350.34  118.54 38.04
TX 12, 50 T&C  -434.29 353.81 350.34  118.54 38.07
TX 14, 50 T&C  -502.96 422.49 350.34  118.54 38.08
TX 16, 50 T&C  -571.65 491.17 350,34  118.54 38.07
TX 18, 50 T&C  -639.49 76.49 1431.40  462.89 -100.11

TX 20, 50 T&C -686.56 123.55 1431.40 462.89 -100.12
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solution (Table 21). The distribution of crop acreage in the benchmark solu-
tion was reasonably close to actual crop acreage in recent years.

The first column of Table 21 gives the estimated farm income effect of
the policies. For example, a restriction that per acre soil loss not exceed
the SCS tolerance (T} limits, would decrease annualized farm income in the
watershed by $4,349,440. Since this policy does not involve a tax or sub-
sidy, the government cost js zero (column 2). The limit to T values would
reduce soil loss in the watershed by 3295 thousand tons, which decreases off-
site sediment damages by $913,770 annually. The final column gives net social
benefits excluding any adminsitrative or enforcement costs. The number in
this column is calculated by summing off-site sediment damages abated plus
government revenue, minus government cost and the change in annualized farm
income. For the example considered, net social benefits decline by $3,435,670
plus the administration and enforcement costs amounting to roughly $224,125,
for a total decrease of over $3.6 million. Net social welfare declines with
the restriciton because the loss in net farm income of the policy exceeds the
off-site sediment damages abated.

From Table 21 it can be seen that the only policy that shows a positive
social benefit aside from administration and enforcement costs is a tax on soil
loss equal to 20 cents per ton. However, the benefit figure for this policy is
not large enough to offset the associated administration and enforcement costs.
Thus, we must conclude that if farmers have a 10 year planning horizon, it
would not be to society's advantage to impose a control on erosion.

Model resuits for a planning horizon of 100 years are given in Table 22
while results for a 200 year horizon are given in Table 23. Benchmark model

results are similar to those for a 10 year horizon, except that with the longer
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Table 22. Major economic consequences of NPS control options in Lavon
watershed assuming farmers have a 100 year planning horizon.
Control SIS I goiy goor () Change dn gdincn Mg cRiis
Option Farm Income ©F Revenue (+) Soi1 Loss Damages Excluding
($1000) ($1000) (1000 T) Abated Administrative
($1000)  Costs ($1000)
SL< T -2343.33 0.0 1842.,55  425.40 -1917.93
SL< 2 -2449.60 0.0 1875.04 430.35 -2019.25
SL< 5 -2013.31 0.0 1681.59  399.28 -1614.03
sL< 10 -0.93 0.0 6.52 1.90 .97
TR 50 0.0 0.0 0.0 0.0 0.0
TR 100 376.88 -1321.04 1231.37 313.23 - 630.93
¢ 50 339.25 -339.25 0.0 0.0 0.0
C 100 724.16 -809.02 37.44 10.85 -74.0
IT 50 0.0 0.0 0.0 0. 0.0
IT 100 0.0 0. 0.0 0. 0.0
SL< T, TR 50 -1636.91 -743.59 1842.55  425.40 -1955. 11
SL< T, €50  -2336.75 -6.57 1842.55  425.40 -1917.93
SL< T, IT 50 -2253.04 -4906.40 1842.55  425.40 -6734.04
SL< 5, TR 50 -1385.82 -660.52 1681.59  399.28 ~1647.07
SL< 5, C50  -1970.35 -42.96 1681.59  399.28 -1614.03
SL < 5, IT 50 -1933.79 -4321.28 1681.59  399.28 -5855.79
TX 8 -175.01 175.00 0.0 0.0 0.00
TX 10 -218. 74 218.74 0.0 0.0 0.00
TX 12 -262. 49 262.49 0.0 0.0 0.00
TX 14 ~306. 23 306.23 0.0 0.0 0.00
TX 16 -349.86 348.94 6.52 1.90 98
TX 18 -393.49 392.55 6.52 1.90 .96
TX 20 -437.10 436.17 6.52 1.90 .97
T% 8, 50 T&C 169.90 -207.23 82.30 23.77 -13.55
TX 10, 50 T&C 127.81 -165.13 82.30 23.77 -13.55
TX 12, 50 T&C 85.71 123.02 82.30 23.77 -13.54
TX 14, 50 T&C 43.60 -80.92 82.30 23.77 -13.55
TX 16, 50 T&C 1.63 -39.86 88.82 25.64 -12.59
TX 18, 50 TacC -40. 35 2.1 88.82 25.64 -12.60

TX 20, 50 T&C -82.32 44.08 88.82 25.64 -12.60
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Table 23. Major economic consequences of NPS control options in Lavon
watershed assuming farmers have a 200 year planning horizon.

Dffsite Net Social

Change in Change in

Control - Amialized O geveme () (S5 Damger ocluaing
($1000) ($1000) (1000 7) Abated  Administrative
{$1000} Costs ($1000)

SL<T -1461.47 0.0 1465.83 319.50 -1141.98
SL < 2 -1564.80 0.0 1498.32  324.45 -1240. 35
SL <5 -1148.93 0.0 1304.87 293.38 -855.55
SL < 10 0.0 0.0 0.0 0.0 0.0
TR 50 427.07 -645.11 943.47 225.73 7.59
TR 100 1061.92 ~1452.18 1051.66 247.22 -143.04
C 50 368.54 -375.63 -287.90 -80.26 ~87.35
¢ 100 750.45 -764.41 -274.35 -76:39 -90.35
IT 50 18.29 -1217.54 0.0 0.0 ~1199.26
IT 100 36.58 -2435.09 0.0 0.0 -2398.51
SL <T, TR50 -771.68 -726.09 1465.83 319.50 -1178.28
SL<T, C5  -1454.90 -6.57 1465.83  319.50 -1141.97
SL< T, IT 50 -1387.81 -4906. 40 1465.83 319.50 -5974.71
SL <5, TR50 -536.08 -645.11 1304.87  293.38 -887.81
SL<5, C5  -1105.97 -42.96 1304.87 293.38 -855.55
SL < 5, IT 50 -1084.05 -4321.28 1304.87 293.38 -5111.95
TX 8 -143.44 141.56 41.23 11.11. 9.23
TX 10 . -178.80 ~176.94 41.23 1n.nm 9.26
TX 12 ~214.16 212.33 41.23 .11 9.29
TX 14 -249 .52 247.72 41.23 .11 9.31
X 16 -284.86 283.11 41.23 1n.n 9.36
TX 18 -320.22 318.50 41.23 1.1 9.39
TX 20 -351.31 165.19 984.69  234.04 47.92
TX 8, 50 T&C 396.83 -623.07 998.25  236.74 - 10.50
TX 10, 50 T&C 380.75 -606.82 998.25  236.74 10.57
TX 12, 50 T&C 364.67 -590.57 99g.25  236.74 10.84
TX 14, 50 T&C 348.58 -574.33 998.25  236.74 10.99
TX 16, 50 T&C 332.53 ~558.08 g99g.25  ¢36.74 .13
TX 18, 50 T&C 316.43 ~541.83 99g.25  <¢36.74 .34

TX 20, 50 T&C  300.34 -525.58 998.25  236.74 11.49
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planning horizon, part of the land was terraced. Consequently, estimated
erosion in the watershed was Tower.

For either of the long planning horizons, the estimated impact of NPS
policies on farm income was not quite as severe as was found for the 10 year
horizon. This result was obtained because some conservation was profitable
without controls and thus to satisfy a policy, smaller adjustments were re-
quired. Also, the Tonger planning horizon shows the future benefits attri-
buted to conservation.

As with the 10 year planning horizon, the net social benefits excluding
administration and enforcement cost are negative for most policies and slight-
ly positive for a few. However, the expected administration and enforcement
costs would more than offset the small benefits, suggesting that erosion con-
trols are not warranted under existing economic conditions in Lavon watershed.

Effects of NPS Controls in Lower Running Water Draw

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 24 through 26 for a planning
herizons of 10, 100 and 200 years, respectively.

With a 200 year planning horizon, the change in annualized farm income
is not as drastic nor is the change in net social benefit as with the shorter
time horizons. This is because the longer time period allows the requirements
or advantages of the various controls to work in adjusted crop patterns and
applied conservation practices. Over a long time period, future yield effects
of reduced soil erosion work in conjunction with the sediment abatement 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
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Table 24. Major economic consequences of NPS control options in Lower Running
Draw watershed assuming farmers have a 10 year planning horizon.

Offsite Net Social

Control gnﬁzg?iigd Gov't Cost (-) Chgcggsin Sediment Benefits
Option Farm Income © Revenue (+) 5011 Loss Damages Excluding
($1000) ($1000) (1000 T) Abated Administrative
($1000) Costs ($7000)

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
C 50 0. 0.0 ¢.0 0.0 0.0
¢ 100 2.52 -46.33 11.34 2.02 -41.78
IT 50 0.0 0.0 0.0 ¢.0 0.0
IT 100 0.0 0.0 0.0 a. 0.0
SL < T, TR 50 -45.73 -36.21 14.71 2.62 -79.32
SL < T, C50 -h5.87 -5.57 14.59 2.60 -58.85
SL < T, IT 50 -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, C50 -1841.89 -36.31 215.71 35.95 -1842.25
SL <2, IT 50 -1865.55 -37.96 218.65 36.40 -1867.10
TX 4 -13.52 13.52 0.0 0.0 0.00
TX 6 ) -20.27 20.28 0.0 0.0 0.00
X 8 -27.04 27.04 0.0 0.0 0.00
X 10 -33.79 33.79 0.0 0.0 .00
TX 12 -40.55 40.55 0.0 0.0 ¢.00
TX 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 0.00
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 25. Major economic consequences of NPS control options in Lower Running
Water Draw watershed assuming farmers have a 100 year planning horizon.

Qffsite Net Social

Control g:ﬁﬁg?ilgd Gov't Cost (-) Chggggsin Sediment Benefits
Option Farm Income ©°F Revenue (+) Soi1 Losg Damages Excluding
($1000) ($1000) (1000 T) 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.
TR 100 26.17 -182.68 33.04 5.85 -150. 66
C 50 10.04 16.51 8.32 1.48 -4.99
C 100 54.28 ~123.57 25.38 4.50 -64.78
IT 50 0.0 0.0 0.0 0.
IT 100 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, TR 50 -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, IT 50 -1395.24 -37.96 218.07  36.30 -1396.90
TX 4 -13.49 13.49 0.0 0.0 0.00
X 6 ) -20.23 20.23 0.0 0.0 0.00
TX 8 -26.99 26.99 0.0 0.0 0.00
TX 10 -33.74 33.74 0.0 0.0 0.00
TX 12 -40.48 40.48 0.0 0.0 0.00
TX 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 18.32 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 26. Major economic consequences of NPS control options in Lower Running
Water Draw watershed assuming farmers have a 200 year planning horizon.

Offsite Net Social

Change in Change 1in

otron  Amualizes GVl CRD (I Gross  piite  xclucing
($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 1.3 -7.09
SL < 6 0.0 0.0 0.0 0.0 0.0
TR 50 . 0.0 0.0 0.0 0.0
TR 100 41.41 -210.02 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
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, C 50 7.98 -10.14 2.53 0.42 -1.74
SL < T, IT 50 -2.16 0.0 2.53 0.42 -1.74
SL <2, TR50 -4183.69 -17.81 113.06  18.10 ~1183.41
SL<2,C5  -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
TX 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 46.11 0.0 0.0 0.00
TX 4, 50 T&C 3.43 -12.23 -3.97  -0.66 -9,47
TX 6, 50 T&C -1.29 -7.51 -3.97  -0.6¢6 -9.47
TX 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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tax options had the highest net social benefit of the options tested.
Nonetheless, even they were not large enough to defray the expected adminis-
tration costs of even the simplest tax scheme.

Results for all planning horizons show the same pattern that was found
for Lavon; namely, the control options examined either fail to reduce ero-
sion or are exceedingly expensive to society.

Effect of NPS Controls in Duck Creek Watershed

Tables 27 through 29 show the estimated economic impacts of various
erosion-sedimentation controls on farm income, governmental cost or re-
venue, soil loss, off-site sediment damages abated, and net social benefits
for planning horizons of 10, 100, and 200 years, respectively. As with the
other watersheds, the social benefits associated with any of the control
options examined were not large enough to offset administrative and enforce-

ment costs associated with the options.
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Table 27. Major economic consequences of NPS control options in Duck
Creek Watershed assuming farmers have a 10 year planning

harizon. .
; : ;
Control g:iﬂi?iigd Gov't Cost (-) Cﬁ?:gssin g2§?;2ﬁt Ngznig?%§1
Option Farm Income ©°F Revenue (+) S0i1 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< 5 -35.37 0.0 59.71 10.47 -24.90
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 0.0 0.0 0.0 0.0 0.0
C 50 0.0 0.0 0.0 0.0 0.0
C 100 2.10 -75.43 70.73 12.34 -60.99
1T 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  -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, IT50  =-35.37 0.0 59.71 10.47 -24.90
X 4 -14.50 14.50 0.0 0.0 0.00
X 6 -21.74 21.74 0.0 0.0 0.00
X 8 -28.99 28.99 0.0 0.0 0.00
T 10 ~36.24 36.22 0.0 0.0 ©0.00
T 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 28. Major economic consequences of NPS control options in Duck
Creek Watershed assumina farmers have a 100 year pTanning

horizon.
Controt  Chenge TN goury cosg () Change in gt R g cne
Option Farm Income ©OF Revenue (+) Soil Loss Damages Excluding
($1000) ($1000) (1000 T) Abated Administrative
($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 ~-1.9]
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 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 -82.711 61.45 10.62 24,74
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  -26.04 -0.50 61.85 10.69 -15.86
SL<T, C50  -12.60 ~33.80 103.15 17.52 -28.87
SL < T, IT 50  -26.44 -4.19 61.85 10.69 -19.95
SL <5, TR50  -10.24 0.0 47.97 8.3 -1.91
SL < 5, C 50 7.54 -37.66 89.28 . 15.25 -14.86
SL <5, IT 50  -10.24 0.0 47.97 8.34 o191
TX 4 -13.79 12.57 30.79 5.39 L 417
X 6 -20.07 18.86 30.79 5.39 47
TX 8 ~-26.36 25.14 30.79 5.39 4.17
TX 10 -32.64 31.43 30.79 5.39 417
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  -23.76 -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 15.76 -14.90
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Table 29. Major economic consequences of NPS control options in Duck
Creek Watershed assuming farmers have a 200 year planning

horizon.
Control gzﬁzg?iigd Gov't Cost (-} Chg:ggsin ggg?%:st Ngzn§$§lg]
Option Farm Income ° Revenue (+) S0i7 Loss Damages Excluding
($1000) ($1000) (1000 T) Abated Administrative
($1000)  Costs ($1000)

SL < T -16.40 0.0 47.47 7.81 -8.60
SL < 2 -425.25 0.0 189.72 28.93 -396.33
SL <5 -6.51 0.0 47.97 7.89 - 1.38
SL <10 0.0 0.0 0.0 0.0
TR 50 . 0.0 0.0 0.0 0.0
TR 100 26.48 -174.75 60.63 9.9] -138.36
C 50 29.43 -37.70 14.17 2.37 -5.90
C 100 . 68.49 -82.80 17.14 2.86 o 211.45
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 -15.94 -0.49 47.47 7.81 -8.62
SL<T,C5 - 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
X 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
X 12 -28.09 25.37 68.74 17.19 8.47
TX 16 -36.49 33.51 70.73 11.51 8.53
TX 20 -44.86 41.89 70.73 11.57 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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CONCLUSIONS

This report summarizes economic analyses of erosion and sedimentation in
five Texas watersheds. Analyses focused on both the on-farm economics of
soil conservation 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. Uniike some pollutants,
the sediment that is transported from farmers' fields to become a problem
downstream is a valuable resource, not a wast product. Because the soil is
valuable in itself, some level of so0il conservation practice is going to be
economically desirable even if the downstream pollution damages are not con-
sidered by the farmer. Results of the study show that soil conservation
does indeed pay in many situations and that its value is greater, the longer
the planning horizon of the decision maker. To the extent that farmers are
not presently employing the most profitable conservation practice, an educa-
tional program in this area may reduce sediment damage while increasing farm
income at the same time.

The second part of the analyses dealt with the total economic impact of
various soil loss control options. Options based on regulations, taxation,
economic incentive and combinations thereof were modeled. Given the estimate

of off-site sediment damages and the assumptions of the model, the analyses

suggest that regulatory erosion-sedimentation controls or subsidies are not

presently warranted from a social welfare viewpoint in Lavon, Duck Creek,

Lower Running Water Draw, Cameron County, or Turkey Creek watersheds. It

should be noted that the estimate of off-site damages is imprecise at best,

and assumes that plant nutrients transported by sediment do not pose health



hazards nor cause undesirable eutrophication in the watersheds. However,
close examination of Tables 21 through 29 reveals that estimates of off-
site sediment damages and the estimate of administration and enforcement
.costs would have to be substantially in error to change the basic conclu-

sions of this study.
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