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ABSTRACT
AN EXPERT SYSTEM BASED METHODOLOGY

FOR EVALUATING THE COSTS AND BENEFITS
OF SOIL CONSERVATION

By

Vivian Acosta Go

An expert system knowledge-base for ing the costs and benefits of soil

conservation practices was developed. Based on existing conditions, the system
gives advice on the best conservation practice and computes its equivalent cost.
EXSYSP, an expert system shell was used to develop the knowledge base. Files
from Lotus and AGNPS were accessed by the main program to provide some of the
necessary inputs; other input information were provided by the user.

The program was aimed at reducing on-site soil erosion. This was

lished by ing the area’s actual soil loss (TA) with the allowable soil

loss limit (TR). In cases where TA was greater than TR, a change in crop rotation
was applied. An additional conservation practice was recommended for soil still
eroding above TR after the change in rotation. A finally, financial analysis of the
two systems ("Rotation Alone" versus "Rotation plus Practice") were compared.

The expert system rule-base was designed for Michigan conditions and

tested on fourteen of the highest sediment-producing cells from the lower portion
of the Sycamore Watershed. The major crops in the study were Corn, Wheat,

Soybean, and Alfalfa, represented in eight crop rotati R dations made




Vivian Acosta Go

by the rule-base were pared with the recom dati made by the SCS
district conservationist. Although SCS and EXSYSP have different methods of
recommending conservation practices, the analysis showed that there was no
statistically significant difference in the soil loss resulting from following either

T dation. Fi ial analysis of EXSYSP showed that both the farmer and

society benefited from the application of soil conservation practices.

Testing revealed that the knowledge-based system’s  method of
recommendation was as good as that of the SCS, sometimes even better. Based
on these results, it was concluded that an expert system can be used successfully
as a decision support tool for decision making with the goal of reducing soil

erosion.
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DEFINITION OF TERMS

Best Management Practices (BMP) - These are methods, measures or practices
designed to prevent or reduce pollution. They include structural or
nonstructural controls as well as operation and maintenance procedures.
The practices can be combined variously to prevent or control pollution

from a particular source.

Cash Expenses - These represent the money spent during the production of a
crop.

a. Variable Cash Expense - Include seed, fertilizer, chemicals, custom
operations, hired labor, fuel, irrigation water, drying, technical
services. Variable Cash Expense depends upon production practices
and quantities of input used and their prices.

b. Fixed Cash Expense - Includes taxes and insurance, general farm
overhead, and interest paid on operating loans and real estate loans.
These expenses are difficult to attribute directly to a specific
enterprise, they are allocated to each crop based on their relative

value of production.

Chemical Oxygen Demand (COD) - The measure of the oxygen required to oxidize
organic and oxidizable inorganic compounds in water. It is used as an

indicator of the degree of pollution.

Conservation Tillage - Chisel plow, no-till or any other tillage systems that leave
a protective mulch of crop residues at the surface. It also refers to

minimum disturbance of the soil surface.




Contouring - A conservation practice where plowing or planting is done
perpendicular to the slope of the field.

Cost Effectiveness - The amount of money spent for a given reduction in pollutant

runoff (the less money spent, the more cost-effective the practice is).

Diversion - Simple ridges or channel ridges across a slope. often located at the
bottom or top of steep slopes.

Erosion - The wearing-away of land by the action of water, wind, gravity or a

combination thereof.

Expert System - A branch of artificial intelligence which exhibits, within a
specific domain, a degree of expertise in problem solving that is comparable
to that of a human expert.

EXSYSP - The expert system shell developed by EXSYSP Inc. used to develop the
knowledge base in this study.

Gross Erosion - The volume of soil movement on the field, not necessarily soil

removed from a site.

Gross Value of Production - Value of the primary and secondary crops at the time

of harvest.

Interrill Erosion - The loss of soil between the rills, principally caused by raind
impact.

P

Knowledge
a. Deep - Knowledge obtained through formal study, usually in the
public domain. Mostly theories and principles found in books.

xi
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b. Shallow - Knowledge learned through experience and rule of thumbs.
Shallow knowledge are the sources of heuristic rules.

Knowledge Acquisition - Method for eliciting facts and rules for the knowledge-
base. This can be accomplished either from the domain expert or historical

records.

Knowledge Engineer - One who identifies appropriate applications of expert

systems and who performs the process of develor 1t and impl 1tation

Knowledge-Based Systems - A computer program that employs knowledge and
inferencing to solve problems. When knowledge and inference procedures
are modeled after human experts, we call such a knowledge-based system
an expert system.

Knowledge Representation - Manner in which data or information is represented
within the digital computer.

Resource Management System (RMS) - A combination of conservation practices
and management, identified by the primary use of land or water that, if
installed, will at minimum protect the resource base by meeting acceptable
losses, maintaining acceptable water quality, and maintaining acceptable

oot Aty

and t levels for the selected resource use. (SCS

National Conservation Planning manual, USDA-NCPM 1984).

Rill Erosion - Formation of small channels as a result of runoff. These channels

are several inches deep and can be easily erased by normal tillage practice.

Rule-Based Expert Systems - A class of expert systems where the main
constituent of the knowledge-base is a set of rules. Each rule represents
a body of knowledge.




Sediment - Solid particles, mineral or organic, that have been deposited in water,
are in suspension in water, are being transported, or have been removed

from the site of origin by the process of soil erosion.

Sedimentation - Action or process of depositing particles of waterborne or

windborne soil, rock or other materials.

Shell - Software containing all the components of an expert system except the
knowledge-base.

Sheet Erosion - Removal of thin layers of soil by water acting over the whole soil

surface. It is caused by raindrop splash and surface flow.

Slope - A degree of deviation of a surface from the horizontal, usually expressed

in percentages or degrees.

Sod - A closely knit ground cover growth, primarily of grasses.

Soil Textural Class
1. Sand - Soil particles between 0.05-2.0 mm diameter. Classified into five
soil separates, namely: very coarse, coarse, medium, fine, very fine.
2. Silt - Soil separate consisting of particles between 0.002-0.05 mm in
diameter.

3. Clay - Soil separate consisting of particles less than 0.002 mm diameter

Sustainable Agriculture - A system in which the goal is permanence achieved
through the utilization of renewable resources. The permanence sought is
dynamic because some resources (e.g., population increases and cost

increases for a diminishing supply of resources) are not controllable.

Surface Soil - The uppermost part of the soil, ordinarily moved in tillage, or its

xiii
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equivalent in uncultivated soils, ranging in depth from 5 to 8 inches.
(Frequently designated as the plow layer).

Terraces - Earth embankments, ch 1s or binations of the two, constructed
across the slope of the land for the purpose of minimizing soil erosion on

sloping land.

Tolerable Soil Loss - Also known as the T-value, this is the maximum rate of
annual soil loss that may occur without affecting crop productivity. The T-
value is set at 2-5 tons/acre/year. This was established in 1961 based on
the rate of topsoil formation.

Topography - The configuration of the earth’s surface, including the shape and

position of its natural and man-made features.

Watershed Area - All land and water within the confines of a drainage divide or
a water problem area, consisting in whole or in part of land needing

drainage or irrigation.



I. INTRODUCTION

The science of soil conservation was virtually unknown before the beginning
of the present century although evidence of land degradation is found throughout
the 7,000 years of recorded human history (Helms et al., 1985). Helms stated
that the understanding and awareness of the erosion problem developed very
slowly. In the Old Testament there are passing references to erosion, mainly
threats of streams drying up. Occasionally, Greek writers mention the problem;
e.g., Homer recommended fallow to prevent deterioration; Plato saw the
connection between floods and deforestation in Attica, a province of Greece. One
of the earliest centers of civilization was the fertile crescent, the land between the
Tigris and Euphrates rivers in Mesopotamia, in what is now Syria and Iraq. It
was a prosperous civilization with a population of 17 to 25 million compared with
about 4 million in the same area today. There is written evidence that siltation
was a major problem in the irrigation canals upon which the Mesopotamian
economy depended, and the suggestion is that the decline of this empire was due
to the invasion by the nomadic tribes from the desert, and other wars which
diverted manpower away from the task of periodically cleaning out the canals.

‘What is now Jordan and Sinai peninsula was in biblical times the "land of

milk and honey". It has been the granary of the Greek and Roman empires, and

' N
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the main source of their cereals, wine and olives. There, the causes of the erosion
varied; sometimes it was caused by the clash between the nomadic pasturalist and
the settled agronomist, sometimes it was the attempt to use agricultural practices
which had been developed on flat lowlands in upland conditions of steep slopes.
Helms and company (ibid) further added that there are examples of early soil
conservation works, particularly the construction of bench terraces, but there is
little evidence indicating when they were built. In Latin America, the best known
are the terraces at Machu, Picchu in Peru. These were built by slave labor in the
pre-Inca period, approximately 1,000 years ago. There are also examples of early
bench terracing in Ethiopia, and the rice terraces in the Philippines. 4000 years
of attempts to control siltation in China’s Yellow River are well documented
(Troeh et al., 1980). Vast areas are now completely terraced in the middle reaches
of the river. The occurrence of bench terracing is more widespread and of earlier
origin in the tropics because the more aggressive tropical rainfall leads to a
greater risk of soil erosion. However, an example of this conservation practice in
a temperate climate is the terraces in southern France which are now used for
citrus orchards; the terraces were first built by the Phoenicians about 2,500 years
ago.

One of the first assessments of the magnitude of world soil erosion was
done by Sheldon Judson who estimated in 1968 that the amount of river-born soil
carried into the oceans as a result of agricultural activities has increased to 26.5
billion tons a year (Brown, 1984). It is estimated that the 4 major food-producing

countries alone which account for 52% of the world’s cropland are losing as much

N



as 13.2 billion tons of soil annually.

In the United States, early perceptive farmers including George Washington
and Thomas Jefferson noted the serious consequences of soil erosion. Formal
agricultural research began, however, only after the establishment of the U.S.
Department of Agriculture (USDA) in 1862. The earliest attempt to measure
erosion began in 1912 on overgrazed rangelands in Utah (Helms et al., ibid).
Early erosion research focused on finding simple solutions to erosion problems,
rather than investigating the cause. Thus, many solutions were cosmetic or at
best, mildly successful. Soil conservation programs finally became a reality in the
1930’s as a result of the great depression and the drought. The next few decades
saw the flowering of U.S. agriculture. Land was cultivated intensively, resulting
in surplus crops. According to Herndon (1987), in the early seventies, studies
predicted a worldwide food shortage. This prediction, together with poor harvests
in this same time period caused the U.S. to respond with intense cultivation. Crop
production restrictions were removed, pasture and rangeland were converted to
cropland, and many marginal lands were put into crop production. From 1973 to
1974 alone, there was a net increase of 24 million harvested acres, many acres of
which had high erosion potential (Helms et al., 1985). Over the years these
activities have contributed to widespread soil erosion (Herndon, 1987). The
National Resource Inventory estimated that more than one third of all U.S.
cropland was losing more than 5 tons of topsoil per acre. Overall, the loss of soil
from the U.S. cropland base of 413 million acres totalled 1.68 billion tons (Brown,

1984). In Michigan alone, the USDA-SCS estimates that 40 million tons of soil



are lost annually (Turney, 1975).

Agriculture is the most important industry in the world; soil and water are
two of its basic resources. In the United States, agriculture is the biggest
industry, second to none in terms of assets, workers and exports (Poincelot, 1986).
Yet it is threatened. The resource base of agriculture is becoming diminished
through overuse and environmental misuse. Pressures on resources stem from
population increases, losses from pollution and overuse. The loss of top soil is
perhaps the most serious problem in agriculture. This is caused by the dislodging
of soil particles from the soil mass by erosive agents such as water and wind.

Soil erosion and sedimentation can be major problems. Sediment degrades
water quality and may carry soil-adsorbed polluting chemicals. Erosion causes
water pollution; in fact sediment is rated as the biggest agricultural pollutant.
The USDA calculates that erosion is decreasing crop productivity equivalent to the
loss of 506,072 ha (1.25 million acres) of land per year. This is equal to an annual
loss of 0.4% of the land under cultivation. Another way of viewing it is that the
loss of 2.54 cm (1 inch) of crop land top soil occurs every 8-10 years compared with
the 100 years it takes under agricultural conditions to create the same amount (1
inch) of top soil from bedrock (Poincelot 1986).

Present agricultural practices in many cases amount to the "mining" of the
soil. Loss of soil results in decreased productivity of croplands. Although losses
can be offset by increased fertilization, the increasing cost and long term
implications of heavy usee calls into question the wisdom of this approach.

Moreover, offsite damages from cropland erosion cost about four times as much as
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onsite productivity losses (Crowder and Young, 1987). Sediment carried

downstream damages water storage facilities, recreation facilities, navigation,
commercial fishing, water conveyance facilities, water treatment facilities, and
interferes with municipal and industrial users. Increased flooding related to
erosion also causes economic losses. The estimated annual damage from all
sources of soil erosion is 8.1 billion -- nearly 3.5 billion of this from eroding
cropland (Ribaudo, 1989). Soil is an essential, nonrenewable and limited resource.
Even before topsoil is completely eroded, the land may become uneconomical for
further use (Schertz, 1983). Because of this, a growing concern that there won’t
be enough topsoil for the next generation has stimulated changes in policies, laws,

and practices with a long range goal of a sustainable agriculture.

A. Scope and Objectives

The scope of this research is to determine how to use soil resources in a
way that will maximize human welfare. This maximization means that
alternative configurations of how resources are used must be compared in terms
of the net benefits that they will generate to the individual farmer and to the
society as a whole. Many agricultural lands are being utilized aggressively
without regard to the ecosystem. Often, the cash crop being produced does not

provide gh ground pr i gainst erosion. A illustration is the

conversion of a hilly pasture into a piggery. The farm will provide profit for the
farmers but at the possible expense of soil erosion and reduced water quality in

the area. Environmental pollution has been a major issue not of the agricultural
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community but rather of environmental groups with an urban base. For this
reason, it is not surprising that conservation practices will not be adapted
willingly by the agricultural community particularly in the absence of cost sharing
or a clear economic advantage for the practice (Logan, 1990). Since agricultural
resources are not limitless, there is an urgent need to identify a land management
strategy that will result in an acceptable level of sediment yield, water quality,
and profit to the farmer.

The overall goal of this research is to develop a set of solutions to reduce
water-caused erosion. This will be done by developing a methodology for
recommending soil conservation practices at the farm level, which is both
economically viable for the farmer and beneficial to society. The specific objectives
of this research are:

1. To determine the Costs of Production, Costs of Conservation Practices, and
the Economic Offsite Benefits of Soil Conservation.

2. To develop an expert system rule-base that will recommend soil
conservation practices.

3. To evaluate the expert system as a decision support tool for reducing soil

erosion on the lower portion of the Sycamore watershed.




II. REVIEW OF THEORY AND LITERATURE

A. Land Use and Conservation Practices

As reported in the 1990 Fact Book of Agriculture, more than half of the 2.3
billion-acre land area of the United States is used to produce crops and livestock.
The rest is distributed among forest land (25%); urban, transportation and other
uses (12%); and unused lands. Non-Federal cropland resources in 1987, according
to the Soil Conservation Service (SCS)! National Resource Inventory, consisted
of 422.8 million acres, of which 377 million acres are cultivated for crops, 39
million acres are used for hay, and 7 million acres are used for horticulture.
About 55% of these areas is prime farm land. The U.S. has about 991.7 million
acres of other non-federal rural land currently being used for pasture, range,
forest, and other purposes. About 153 million acres are suitable for conversion to
cropland if needed. Of this, 35 million acres have a high potential for conversion
to cropland, and 118 million acres have a medium potential. The remaining rural
land has little or no potential for conversion to cropland. This means that the

cropland reserve is limited to about 14% of the remaining non-Federal land. Most

! The name of Soil Conservation Service, also known as SCS has been changed to Natural
Resources Conservation Service (NRCS) in 1994. However, in this study the author will still
refer to NRCS as SCS.
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of this land would require careful soil and water management if brought into
intensive agricultural use (USDA, 1991).

The National Agricultural Statistics Service (1992) states that the United
States had 2.096 million farms in 1992, 2.197 million in 1988 and 2.407 million
in 1982. This decline in farm number continues the downward trend started in
1936. Land in farms continues to decline more slowly, with a total of 980 million
acres in 1992, down from 994 million acres in 1988 and 1.027 billion acres in 1982.
According to the USDA (1991), land on farms has declined every year since
reaching its peak at 1.206 billion acres in 1954. The number of farms has declined
at a faster rate than land area in farms, resulting to in average farm size of 468
acres in 1992 (National Agricultural Statistics Service, 1992) as compared to 424
acres in 1981 (USDA, 1991). The National Agricultural Statistics Service (1992)
reports that corn was planted on 76 million acres in the U.S. in 1991, resulting in
the production of 7,474.5 million bushels of corn for grain and 80.5 million tons
for silage. In Michigan, there were 54,000 farms with a total of 10.8 million acres
in 1992. Corn was planted on 2.7 million acres in the production of 253 million
bushels for grain and 3.99 million tons for silage.

U.S. farms produce more per unit area than most of their counterparts in
the rest of the world. The U.S. accounted for 12.6% of world agricultural
production (by dollar value) in 1988, even though it has less than 5% of the
world’s population and less than 7% of the world’s land area. U.S. output in 1988
included nearly 15% of the world’s livestock production and more than 11% of the

crops. Consistently, U.S. farmers grow about 50% of the world’s soybean, 40% of
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the corn and 25% of grain sorghum (USDA, 1991). Even though there are fewer

farms growing crops, farmers are cultivating more intensively at the expense of
over-using soil resources.

In many areas, the rate of erosion seriously threatens long-term
agricultural productivity. Of the 423 million acres of cropland in the U.S., 171
million acres (40%) are eroding at intolerable rates. About 27 million acres (6%)
are eroding at rates exceeding five times the tolerable level (USDA, 1991). Soil
losses from cropland in the U.S. alone are some 2 billion tons annually (Poincelot,
1986). Sediment, the greatest single water pollutant by volume, is an end product
of soil erosion (USDA, 1991). Present average rates of erosion usually exceed the
average rate of soil formation by 10:1, causing a serious decrease in top soil
volume (Larson 1981). Sheet and rill are the major sources of soil loss (Dregne,
198). Some valuable reviews on soil erosion include those of Prestegaard (1985),
and Williams et al. (1981).

Soil erosion is a result of many factors. Troeh et al. (1980) mentioned that
soil properties such as topography, depth, permeability, texture, structure and
fertility are important considerations in erosion control. Soil topography (gradient,
length, shape, and aspect/direction of slope) controls the concentration or
dispersion of erosive forces such as runoff water and wind. Soil depth, the nature
and thickness of soil horizons, and the underlying rock material affect the rate of
soil formation and the tolerable rate of erosion. Troeh added that soil
permeability and the rate of rainfall or irrigation determine how much water will

run off and cause erosion. Conditions that most commonly limit soil permeability
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are a soil surface puddled by raindrops or traffic, plowsoles or other highly

compacted layers, heavy subsoils devoid of large pores for water passage, frozen
soil, and bedrock or cemented layers. The closer a restrictive layer is to the
surface, the less water is required to saturate the soil above it and cause runoff
to begin. Soil detachability is inversely related to soil strength; strength is
generally low at high water contents and high at low water contents (Mutchler et
al., 1983). Troeh added that soil texture and structure both influence
permeability and erodability. The clay in soil helps it cohere either into a solid
mass or into structural units with pore space between them. Individual clay
particles are difficult to detach from a soil but, once detached, can be easily moved
long distances. Sand particles are easily detached from sandy soil, but a high
velocity of water is required to move them very far. Silty soils are the most
erodable by water because the silt particles are too large to stick together well and
are small enough to be transported readily. Thornes (1989) added that the finer
particles of organic matter, clay and silts that are rich in nutrients are eroded
first, leaving behind the coarser, sandier particles. This finding explains why
sheet erosion is the most damaging form of water erosion, it takes away the finer
soil particles. Troeh et al. (1980) explained that there are two major agents active

in water erosion: falling raindrops and running water. From this information, the

Jated'l Rod 4

on

principles of reducing water erosion are for raindrop i
the soil; 2.Reduce runoff volume and velocity; 3.Increase the soil’s resistance to
erosion. Management practices that effect one or more of these principles will

help control water erosion.
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The USDA has assigned a soil loss tolerance (T) which for most cultivated
soil is 5 tons/acre/year. Some tolerances are lower depending upon soil quality
and depth (Larson, 1981). According to Schertz (1983), maintaining productivity
over a period of time and preventing gullies were the criteria used for setting 5
tons/acre/year as the maximum soil loss tolerance. An estimate of the rate of soil
formation was also an important factor. Scientists suggested that soil forms at
the rate of 1 inch in 300 to 1000 years. Under farming conditions however, soil
may form at the rate of 1 inch in 100 years. The A horizon formation exceeds 1
inch in 30 years in medium-to moderately-coarse-textured soils but forms at a
slower rate in finer soils. In 1973, SCS issued "Advisory Notice Soils-6" requesting
each state to update soil loss tolerances based on specific guidelines (Schertz,
1983). These guidelines are still used. Schertz added that although the effect of
excessive erosion is not immedietly felt in farms with deep loess soils, the offsite
result downstream is just as bad regardless of the source.

Logan (1990) discussed the different approaches to controlling agricultural
non-point source pollution which include structural control, source control, and
land and pest management practices. He also noted that the nitrate-nitrogen
concentration allowable for drinking water is 10 ppm, yet there is no established

nitrate concentration limit for the soil.

Studies indicate that i iated with ional tillage can be
reduced 50-90% by a switch to conservation tillage (Crosson 1981). An 11-year
study (USDA, 1985) shows that conservation tillage cuts soil erosion by 70%

pared with ional tillage. Crosson (1981) discussed the economic and
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environmental advantages of using conservation tillage instead of conventional
tillage. The most widely used conservation tillage tool is the chisel plow. Other

implements include subsoilers, disks, cultivators, mulch spreaders, strip rotary

tillers, and no-till planters. These impl ts have been adapted to five basic
methods of conservation tillage. In chisel plowing, the bed is prepared with a
chisel plow which leaves crop residues in the top 2 inches and on the surface of
the soil. Planting can be carried out at the same time as plowing or later. Disk
planting is very similar, except the seedbed is prepared by disking the soil. In till-
plant, plowing and planting are both done in one operation, leaving crop residues
mixed into the soil surface between rows. Strip tillage also involves one step for
plowing and planting of strips, with undisturbed crop residues left in place
between the strips. The least disturbance is with no-till, where only the
immediate row is disturbed for planting by slotting or slicing through the

undisturbed crop residue. Weed control for all tillage methods involves herbicide

crop rotation and plant

Reduce tillage is being utilized not only to conserve energy but most
importantly to reduce erosion and increase water infiltration. No-till is even more

effective than reduced tillage. Herbicide, however, is required to control weeds

lly eliminated by cultivation; increased amounts of pesticides are often

needed to control insects harbored in the large amount of crop residue. Other

q 4. hercide

and di

of reduced tillage or no-till have been noted by
Fluck and Baird (1980), and Frye and Phillips (1981).

Terraces are the most effective mechanical means of erosion control on

T N
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slopes planted continuously with row crops. Efficiency is high; terraces can trap
up to 85% of the sediment otherwise eroded from a field. On the average, erosion
is reduced 71% on the approximately 7% of the U.S. cropland with terraces (Office
of Technology Assessment 1982). According to Troeh (1980), cropped slopes should
be no steeper that 10:1 (10%). Any slopes steeper than 4:1 (25%) should be seeded
to perennial grasses. Terraces should not be longer than 600 meters, and no
longer than 375 meters on land already gullied. Several types of terrace exist and
are discussed by Troeh et al. (1980). Installation cost is high, about $1000/ha

($400/acre). Other probl includ paction and loss of topsoil during

construction. In addition, some sites are not suitable for terraces. These include

sandy soil, stony soil, shallow soil over bedrock of fi tured imper bl

Baail 1

areas with

slopes and slopes in excess of 12% (Poincelot, 1986).
Diversions protect cropland from erosion and flooding by intercepting runoff
which is then slowed and carried away. Diversions protect 0.7% of U.S. cropland
(Poincelot, 1986).
Contour plowing and planting are done perpendicular to the farm. They
are more popular than terraces because of lower cost and the potential to reduce

soil loss up to 60%. Troeh et al. (1980) covered the details of contour-farming

practices. A variation of this practice is strip croppi The

plowing and planting is used but i row crops are replaced by strips of

row crops alternating with strips of forage crops. Row crops are sized to minimize
runoff and erosion while forage strips are wide enough to slow and filter the

runoff. Erosion reduction is about 50% greater than the conventional contour
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planting. Another approach is to alternate a perennial legume strip with a row
crop. This will eliminate the cost of annual seeding, contributes nitrogen, provides
year-round erosion protection, and still provides renewable animal feed. The

practice is covered by Troeh et al. (1980).
Cover crops and crop rotation both help to keep a continuous cover on
fields, thus reducing susceptibility to erosion. Wischmeier et al. (1978) discussed
further the effects of crop cover and rotation in the control of soil erosion. He said

that cover and management effects can not be ind dently evaluated b

their bined effect is infl d by many significant interrelations. Almost any

crop can be grown continuously, or it can be grown in rotations. Crop sequence
influences the length of time between successive crop canopies, and it also
influences the benefits obtained from residual effects of crops and management.
The erosion control effectiveness of meadow sod turned under before a row crop
depends on the type and quality of the meadow and on the length of time elapsed
since the sod was turned under. According to a study made by Jennings and
Jarrett (1985), any form of surface cover reduces erosion but mulches which have
no absorptive capacity tended to reduce erosion the least.

In grassed waterways, strips of land covered with grass are utilized as
paths for transporting surface runoff from fields at non-erosive velocities.
Maintenance can be difficult though, as herbicides in the runoff can destroy the
grass (Poincelot, 1986). Other practices include reduction of field length, strip
cropping, windbreaks, shelterbelts, and mulches. Wind erosion can be reduced by

shortening field lengths along the direction of the prevailing wind. Alternation of
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strips of crops susceptible and resistant to wind erosion at right angles to the
prevailing winds is termed strip cropping. Trees can be planted as windbreaks
and shelterbelts to lower windspeed. Mulches can be used to cover and protect the
soil against wind erosion (Poincelot, 1986). These practices are detailed by Troeh
et al. (1980).

Besides water depletion through overuse and the escalating costs of
irrigation, another problem is the contamination of water. The appearance and
persistence of pesticides in groundwater has been documented. Contamination of
groundwater by pesticide has been reported in Arizona, California, Maine,
Massachusetts, New Jersey, New York and Texas (Pye et al., 1983; Office of
Technology Assessment 1982). DDT has appeared in groundwater in Texas,
arsenate in Maine, and chlorinated hydrocarbons in Massachusetts (Office of
Technology Assessment 1982). Toxaphene (a chlorinated hydrocarbon insecticide)
and fluometron (a substituted urea herbicide) were monitored in a field study by
LaFleur (1973). Some insecticides in surface water kill fish or may destroy part
of the fish’s food chain (National Academy of Sciences 1974). Degradation of
pesticides occurs more readily in surface water than in groundwater. Some
organic chemicals that are readily degraded are removed before the water enters

the aquifer. Some organic compounds may be adsorbed or absorbed by mineral

materials in the aquifer. This may cause the accumulation of some organics, while

others may travel through the aquifer at rates slower than rates of organics not
adsorbed. Organic compounds that move slowly are susceptible to microbial

degradation. Surface water is known to contain a complex microbial ecosystem,
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but it was not shown until recently that ground also ins such an

y . Ground microbial y are dark and oxygen-poor, thus
anaerobic organisms predominate.

According to Poincelot (1986), the effects of nutrients on an aquatic
ecosystem are known better than the effects of pesticides. Nutrients, especially
nitrogen and phosphorous, lead to eutrophication of water. These nutrients
accelerate algal growth; in turn, the death of the increased algal mass leads to

oxygen depletion as oxyg ing microor i the dead algae.

Eventually, fish die. Nitrate in the water poses a serious health problem, since

nitrate itivity (meth lobi ia) occurs in infants under three months of

age. Continuous drinking of nitrate contaminated water may also lead to the
formation of carcinogenic nitrosamine. Nitrates in groundwater are due to certain
conditions: high rate of fertilizer use, sandy soil, shallow rooted crops, and heavy

rainfall or irrigation (Singh and Sekhon 1978). The actual extent of fertilizer

nitrate in ground is not resolved (OTA, 1982).

Drip irrigation offers the least disturbance of soil as compared with surface
and sprinkler irrigation. Troeh et al., (1980) noted other advantages such as high
efficiency (under careful management, efficiency of water use reaches 60% for
surface irrigation, 75% for sprinkler irrigation and 90% for trickle or drip
irrigation), conservation of fuel and fertilizer, reduced weed growth, and reduced

seedling mortality. Most of all, drip irrigation can be used on steep slopes where

o

other irri are not possible. Drawbacks include high initial cost and

labor-int:

5N
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Summary of Practices to Reduce Soil Erosion
Continuous cropping is replaced by rotation that includes meadow, legumes
and small grains along with row crops.
Cover crops, green manure crops and reduced tillage decreases erosion.
Cover crops also help prevent soil losses during the unproductive part of
the growing season.
Maintaining or increasing soil organic matter by the application of manures
and other organic waste increases water infiltration and storage, therefore
decreasing surface water runoff and wind blowoff. Increased water storage
and runoff also reduces the contamination of the water supply with
nutrients and pesticides.
The use of a chisel plow and disk instead of a moldboard can reduce soil
erosion by 20-75%. The effectiveness of this practice results from the
placement of crop residue at or near the surface.
The use of reduced (conservation) tillage or no-tillage system will avoid
disturbance of soil.
The application of low pressure irrigation will prevent soil splashing and
disattachment of individual particles.
Terracing, diversions,contour plowing and planting, cover crops and crop
rotation, strip cropping and grassed waterways also reduces erosion.
Other practices include reduction of field length, wind breaks, shelterbelts

and use of mulches.

B
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B. Economics of Conservation

Barbarika (1987) said that the adoption of conservation practices is a
considerable burden to farmers, especially when benefits are primarily off-farm,
and on-farm benefits are realized only over long periods of time. Thus, even
though total social benefits of erosion control may ultimately exceed total cost, it
is likely that, without assistance from other entities, producers will refrain from
using conservation measures.

There are important differences between the private and public benefits of
erosion control. Private benefits are realized on the farm (on-site) and are enjoyed
by the farmer, while public benefits occur offsite, with all of society as beneficiary.
Public benefits are often higher than private benefits. When public benefits are
positive and private benefits are not, public financial assistance is justified (Stults
et al., 1987).

According to Massey (1987) the federal government has been offering
various types of financial incentives to farmers to install conservation practices.
Farmers may receive cost-sharing between 50 and 75% of the cost of conservation
practices under the agricultural conservation program (ACP). The Rural Clean
Water Program (RCWP) provides long-term cost-sharing of up to 75% for

tablishing best t practices. Farmers in some states are also eligible

for cost-sharing under the Soil Conservation Service’s Great Plains Conservation
Program (GPCP). In addition, the federal government offers income tax incentives
for soil and water conservation programs. State and local governments are also

offering financial incentives in the form of cost-share funds, interest-free loans,
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low interest loans and income (and property) tax credits or deductions. Massey
(1987) further stated that the Food Security Act of 1985 (1985 Farm Bill) takes
highly erodible and marginal cropland out of agricultural production, or forces it
to comply with a conservation plan if it is already in production. Massey (1987)
also discussed how these programs operate.

Studies have been made on the economics of conservation practices. The
USDA’s Conservation Reporting and Evaluation System (CRES) provides
estimates for installation costs of conservation practices implemented with USDA
assistance (Barbarika, 1987). The Interactive Conservation Evaluation (ICE) is
a computer program designed to assist users in selecting alternative conservation

systems by providing a summary of benefits and costs of all choices being

luated (Chri 1987). Chri (ibid) di d how the Interactive
Conservation Evaluation (ICE) makes an economic evaluation of the onsite
benefits and costs of soil conservation. ICE goes through three steps. First it
identifies the area, the dominant soil and the major resource problem. Second, it
determines the of physical and economic conditions presently existing without
treatment, accounting for changes in this condition over time. This step produces
a summary of land use, acres, yield, net return and soil loss for the present
condition. The third step consists of selecting the alternative conservation system
in treating the problem of individual land user. ICE provides summaries of
installation costs, life expectancy, operation and maintenance, and total average
annual costs for each alternative. The data used in ICE are divided into three

categories. The fixed data (land user, mapping, state) require only a one time
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input and are preserved throughout the entire evaluation. The variable data (crops
and practices) can be changed from alternative to alternative, it can also be fixed
throughout the entire analysis. The calculated data is generated automatically
by the computer. Christensen (1987) concluded that the basic concept of the ICE
software is to be able to compare the "with" and "without" conservation practices.

Two other models relating to the economics of conservation practices are
COSTS and SOILEC. Raitt (1983) explained how the COSTS computer model
relates cost of conservation practices and rates of soil erosion. It calculates and
displays the annual costs and rates of soil loss under various combinations of

conservation practices on a particular soil and slope. SOILEC is a computerized,

1 \ P

long-run, physical and ic si ion model. It estimates sheet and rill

erosion using the Universal Soil Loss Equation (USLE). The input requirements
are somewhat detailed and technical in nature; hence, it is used mainly by district
conservationists and not by farmers. Eleveld (1983) discussed the model more in
detail.

The principal benefit from adoption of conservation practices may stem from
reduced erosion. But it also offer farmers short-term changes in net returns. For
example, researchers have found that many of the farmers adopting conservation
tillage methods are attracted more by the associated cost reduction than they are
by the soil savings. The on-site benefits include increased yield and decreased
production cost while the economic damage to the farmer is the sum of the value
of the reduced yields and the net cost of changing the application rate of fertilizer

or other inputs (Colacicco et al., 1989). A model called EPIC (Erosion-Productivity
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Impact Calculator) describes a method of assessing erosion’s effect on soil

productivity. EPIC is composed of physically based components for simulating
erosion, plant growth and related processes. EPIC also includes economic
components for assessing the cost of erosion and determining optimal management
strategies. Williams (1983) discussed EPIC in detail. Troeh and colleagues
(1980) developed a method of computing the fertility value of a ton of soil.
According to them, each ton of soil has a total nutrient value of $5.00. If the
commonly accepted estimate of 3.6 billion metric tons of soil occurs annually, this
would result in a loss of $18 billion annually. An important discovery was that
the relationship between farm productivity and the amount of on-site soil loss is
exponential and not linear. The implication is that conservation is most effective
and critical when erosion is just beginning rather than when it is already in its
advanced stage (Thornes, 1989).

The effects of on-farm soil loss can be expressed in a monetary equivalent.
Offsite damages, however, are harder to quantify. According to Stults (1987),
offsite damage is difficult to measure for several reasons. First, the nature of
biological systems, fishery resources and recreation makes it difficult to estimate

the value of damage even when the nature and the extent of physical damage is

known. S d, the relationship k diment and erosion is complex and

reliable estimates are ilabl Ribaudo (1986) says that there are no

observed prices with which to measure the value of the off-site effects of erosion.
Instead, economic effects are measured through observed changes in the behavior

of water users. Colacicco et al. (1989) mentioned that the recent quantitative
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measure of the damages of sheet, rill, and wind erosion show that the main
damage from erosion is not to the farmer or future generations of food consumers,
but rather to off-farm users of surface water. Ribaudo refined the Clark data and
estimated that soil erosion causes over $7 billion in annual off-farm damages to
water-based recreation, navigation, water storage facilities, municipal and
industrial water users, water conveyance systems, and from increased flooding.
Ribaudo (1986) equated the offsite benefits with the reduction in offsite damage.
Damage reduction is in the form of reduced dredging costs, reduced operating cost
to industry and offstream water users, reduced flooding damages, and increased
consumption in the recreation industry. There are also damages resulting from
wind erosion. They include higher maintenance of building and landscaping,
pitting of automobile finishes and glass, greater wear on machinery parts,
increased soiling and deterioration of retail inventories, cost of removing blown
sand and dust from roads and ditches, and increased respiratory and eye disorders
(Strohbehn, 1986). Further discussion of the damages caused by soil erosion is
made by Batie (1985), Clark (1985), LaRoe (1985), Gray (1985), Ribaudo (1985,
and 1986), Strohbehn et al. (1986), and Stults (1987).

Strohbehn (1986) suggested that conservation practices offer higher benefits
offsite than onsite. Offsite benefits account for two thirds of total erosion control
benefits. He added, however, that the benefits of erosion control exceed the cost
involved only on land eroding at about 15 tons/acre/year. Strohbehn (1986)

explained that when the total tonnage of soil erosion increases, so does the

corresponding offsite d At present, 40% of the cropland receiving public

N
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assistance is eroding at 5 or less tons/acre/year. Conservation measures applied
on these lands are mostly for preventive maintenance treatments. Erosion of 5
tons/acre/year is generally considered the level that will not damage long-term soil
productivity. This is a physical measure, used as a proxy for socio-economic

evaluation in the past because ic and social i were not able.

An erosion of 10 tons/acre/year translates to 1/16 inch of topsoil. Strohbehn (1986)
further added that the total mass of soil being moved is not a useful measure of
onsite productivity because the same amount of erosion could occur at low rates
over a large area or with high rates on a small area. This is then irrelevant to
offsite areas where results may be the same. Because soil is constantly forming,

net erosion rates are a better measure of onsite damage than gross erosion rates.

Ribaudo (1986) recognized that offsite impact: iated with ch in
water quality, such as impact on recreational activities, cannot be measured
directly. Furthermore, the link between soil erosion and affected water users is
not well defined. Researchers have tried to put value on the social and
environmental effects of erosion. One method, called the Contingent Valuation,
quantifies the resource value directly according to the individuals who are
affected. This method requires a survey sample. Other methods mentioned by
Hoehn (1987) are the Hedonic technique and the Travel Cost technique. The

EhRdeaas oo o

; es the value of resource services that are obtained

through the purchase of some market good. The Travel Cost technique measures

values using the travel costs that individuals incur to access a resource service.

&0
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A more popular method is by estimating water quality benefits resulting from the

prevention of sedimentation. Several of these methods were discussed by Ribaudo

(1992).

Trapanese et al. (1984) sh d that substitution of conservation
management practices for erosive conventional practices could be highly cost-
effective if the conservation practices were more profitable or only slightly less
profitable than the conventional practices. This was illustrated by an example in
which a 50% reduction of sediment yield could have been obtained with no loss of
income by substituting no-till corn for conventionally tilled corn. In the example,
a government income subsidy should not have been necessary to improve water

quality because a more profitable, less erosive alternative was available. In

th 1

where the ional practice allowed a slightly higher profit
but substantially higher erosivity, government cost sharing or income subsidies
would have been more cost effective. According to Crowder (1987), soil
conservation practices do not provide social benefits of productivity maintenance
anywhere near the level of social costs, on the other hand, Strohbehn (1986) said
that in many cases offsite benefits exceed the costs of public assistance.

Using the CREAMS model, Crowder et al. (1987) estimated the cost of some

soil conservation practices and the cost per unit of pollution reduction. They

1 d that per t veg ive cover, such as hay or pasture, is the most
effective soil conservation practice for controlling runoff, but it is the least cost-
effective. Terrace systems are also effective runoff control measures but are

Nt Epy

relatively expensive per unit of r By ison, sod waterway

-
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systems are highly cost effective for controlling surface runoff. Conservation
tillage (reduced tillage with a chisel plow) and no-till were found to be cost-
effective where soil, crop and climate are amenable to their use. Contouring is
cost-effective where field shape and slope warrant its use. Using USDA’s
Conservation Reporting and Evaluation Systems, Barbarika (1987) showed the
average annual cost/ha and the cost/ton of soil of selected conservation practices.
From the same data, he stated that the cost of controlling wind erosion is less
than the cost of water erosion. He showed that the cost/ton decreased while cost
per hectare increased as erodability increased. He explained this as follows: a
terrace which reduces erosion by 50 tons/ha would not cost twice as much per ha.
to install and maintain as a terrace that saves 25 tons/ha. He also pointed out
that as the size of a field increases, the cost/ha and the cost/ton decreases.
Barbarika (1987) concluded in his report that soil erodability and field size are the
two main factors affecting cost. This is because fixed costs can be spread over
larger units (field area or tons of soil saved).

Rosenbery et al. (1980) calculated costs for not correcting erosion in terms
of reduced yields and increased costs of additional fertilizer and energy. Their
conclusion was that additional input (such as fertilizer) can offset the reduced
productivity of soil due to erosion. Also, the cost of controlling erosion was three
times as expensive as farmer’s benefit. Christensen et al. (1987) say otherwise.

According to them, onsite benefits of soil conservation alone are two-fold:

productivity maint and decreased production costs.  Maintaining
productivity is lished by pr ing the soil from erosion, while some

.
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conservation practices reduce cost of growing a crop. An example: conservation or
no-till reduces the number of trips over the field thereby saving time, fuel and
machinery. Converting low yielding row crop areas (end rows and water courses)
into other land use (grass) will require less fertilizer and chemical inputs. Offsite

benefits include control of deposition and maintenance of water quality. Sediment

can fill ditches, plug culverts, reduce lifespan of ponds and dams, and destroy
fences. As for the costs of conservation, Christensen (1987) identified three. First
is the cost of installing the system (materials, labor and equipment); second is

operation, maint and repl. t costs (fertilization of waterway, replacing

o

a pipe, r g a terrace backslope); third is the cost of lost production (crops
lost from land converted to waterways, increased fertilizer and chemicals in some
soil switching to conservation tillage or no-till). Trapanese (1984) noted that the
implementation of soil conservation program is ultimately dependent on its

perceived benefits and the magnitude of its costs. Benefits and costs associated

with non-point source are particularly difficult to asses. This is because

luation of point pollution control benefits is subject to considerable
uncertainty due to the spatial and temporal variability of the processes involved.

erosion control

According to Stults and Strohbehn (1987) all g
assistance on the basis of economic benefits and costs provides more net benefits
than any other allocation system -- more than the general approach of spreading
conservation dollars around more or less uniformly, more than first-come first-

&

served basis, more than imizing soil loss

and even more than using

the least-cost method for reducing erosion. They also noted that estimating

y N
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conservation benefits is difficult b the productivity and envir tal

benefits per ton of erosion prevented vary widely among soils and across the
country. In addition, productivity benefits accrue over a long period and may

increase with time.

C. Agricultural Pollution Models

According to Young et al. (1989), managing non-point sources of pollution,
in addition to being politically, economically and socially difficult, is technically
complex. Pollutant sources often are located over a large geographic area and are
not readily identifiable. By locating and targeting specific areas with high
potential for soil and nutrient losses, funds and efforts can be used more efficiently
to reduce soil loss and protect water quality. There are several computer models

which estimate watershed resp to rainfall events, including ANSWERS (Areal

Non-point Source Watershed Environmental Response Simulation), SWRRB
(Simulator for water resources in Rural Basins), AGNPS (Agricultural Non-point
Source), and CREAMS (Chemical Runoff and Erosion from Agricultural
Management Systems).

CREAMS is a simulation model for runoff and pollutant transport in and
from agricultural fields. It predicts the effect of agricultural management
practices on non-point or distributed pollution sources from field size areas. It is
based on the physics of water flow in the soil profile and on the surface and uses
the SCS curve number to estimate runoff. CREAMS includes the processes of

sediment transport, soil heat flow, crop growth and residue decay. The

5N
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management practices include all type of tillage operations, irrigation, fertilizer
addition, grazing, pesticide application, terracing, tile drainage and farm pond
effects. CREAMS’ scope is limited to those areas which can be characterized by
a single soil profile regime, whose hydraulic description does not require channel
networks of order greater than 2, and within which a single cropping system is
contained. Data input is organized into two files: rainfall information, field and
management input. A third file is used if real measured data is used to
supplement the built-in rainfall simulator (CREAMS manual, 1985).

Agricultural Non-point Source Pollution Model (AGNPS) is another

1 1

ion model d

p ped to analyze the water quality of runoff. The

model predicts runoff volume and peak rate, eroded and delivered sediment, and

nitrogen, phosphorous, and chemical oxygen d d ation in both the

runoff and the sediment for all points in the watershed. It is intended for
watersheds under 23,000 acres in size (Young et al., 1987). The output from
AGNPS can be used to recommend remedial measures on the basis of an
assessment of the effects of applying alternative management practices. This is
accomplished by varying input data consistent with alternative management
practices being investigated and analyzing the resulting watershed response

(Young et al., 1989). AGNPS is event-based. It simul runoff, sedi t and

nutrient transport. Basic model components include hydrology, erosion, sediment
and chemical transport. The model also considers point sources of sediment from
gullies and inputs of water, sediment nutrients and chemical oxygen demand

(COD) from feedlots, springs and other point sources. The model works on a cell

S
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basis. These cells are uniform squares subdividing the watershed, allowing
analysis at any point within the study area. Potential pollutants are routed
through cells from the watershed divide to the outlet in a stepwise manner so that
flow at any point may be examined. All watershed characteristics and inputs are
expressed at the cell level (Young et al., 1989).

Inputs and parameter values used in AGNPS may be obtained from
published data, available watershed records, or on-site inspection. The model’s
manual (Young et al., 1987) contains tables listing standard values for the
required parameters. A preliminary output given for all watersheds being
analyzed includes watershed area and cell size, storm precipitation and erosivity
(EI), estimates of runoff volume and peak flow rate at the watershed outlet, and
area-weighted erosion, both upland and channel. Output includes estimates of the
sediment delivery ratio, the sediment enrichment ratio, the mean sediment
concentration, and total sediment yield for each of five sediment particle size
classes. Also available is a nutrient analysis, which includes N, P, and COD mass
per unit area for both soluble and sediment adsorbed-nutrients, and N, P, and
COD concentrations in the runoff (Young et al., 1989).

AGNPS uses the Universal Soil Loss Equation (USLE) to predict erosion

based on a single storm event, and the SCS curve number to determine the runoff

1 . Although it was intended primarily for agricultural watersheds in the

state of Minnesota, the principles on which the model is based are not limited to
that state. For uniform comparison among watersheds, the precipitation input

value should be for a 24-hour, 25-year storm frequency. If further analysis is
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desired, different storms can be simulated by the model (Young et al., 1987).

AGNPS was written in FORTRAN IV computer language and developed for use
on an IBM-PC computer system with 256K, 2 disk drives, and DOS 2.0 or greater.
Further technical information on the model is available from the AGNPS manual
(Young et al., 1987).

The AGNPS model has been used in several states to prioritize watersheds
according to their quality problems, to pinpoint critical areas within a watershed
contributing to pollution, and to evaluate the effects of applying alternative
management practices. Applications of AGNPS includes the determination of
sediment and nutrient loads being delivered to the trout stream by the Garvin
Brook Watershed. Another application of AGNPS is the identification of critical
areas in Salmonson Creek subwatershed where excessive upland erosion and
runoff has resulted in high contributions of sediment and nutrients at the outlet

into Big Stone Lake (Young, 1989).

Universal Soil Loss Equation (USLE)

The Universal Soil Loss Equation (USLE) is an erosion model designed to
compute longtime average soil losses from sheet and rill erosion under specified
conditions. It does not predict deposition and sediment yields from gully,
streambank, and streambed erosion (Wischmeier, 1978). Despite its simplification
of the many variables involved, it is the most widely accepted method of
estimating sediment loss (Schwab, 1981). The average annual soil loss, as

determined by Wischmeier (1976), can be estimated from the equation
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A=RKLSCP 1)

where A = average annual soil loss (tons/acre)
R = rainfall and runoff factor
K = soil erodability factor
L = slope length factor
S = slope-steepness factor
C = cover and management factor

P = support practice factor

The computed soil loss, A is expressed in the units selected for K and for
the period selected for R. The rainfall and runoff factor R is the number of
rainfall erosion index units, plus a factor for runoff from snowmelt or applied
water where such runoff is significant. The soil erodability factor K is the average
soil loss in t/a per unit of erosion index for a particular soil in cultivated
continuous fallow with an arbitrary selected slope length I of 22 m (73 ft) and
slope steepness S, of 9 percent (if K is Mg/ha, change constant 2.24 to 1.0). The
slope length factor L is the ratio of soil loss from the field slope length to that
from 22 m length under identical conditions. The slope-steepness factor S is the

ratio of the soil loss from the field slope gradient to that from a 9 percent slope
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under otherwise identical conditions. The C factor is the ratio of soil loss from an
area with specified cover and management to that from an identical area in clean-
tilled, continuous fallow. Plant cover provides different level of protection at
different growing stages so Wischmeier (1978) distinguished six growth stage
periods for crops in order to evaluate the canopy protection over the year. They
are defines as follows:

Period F (rough fallow) - Inversion plowing to secondary tillage

Period SD (seedbed) - Secondary tillage for seedbed preparation

until the crop has developed 10% canopy cover.

Period 1 (establishment) - End of SB until crop to 50% canopy cover.

Period 2 (development) - End of Period 1 to 75% canopy cover.

Period 3 (maturing crop) - End of period 2 until harvest. This period

was evaluated for 3 levels of final crop canopy.

Period 4 (residue or stubble) - Harvest to plowing or new seeding.
Each stage has a corresponding soil loss ratio; this, multiplied by the erosivity
index of that stage, then multiplied again by a sod factor will yield a cropstage C-
value. The cropstage C-values are added to make up the whole crop year. The
P factor is the ratio of soil loss with a support practice like contouring,
stripcropping, or terracing to that with straight-row farming up and down the
slope. Figures and look-up tables for most of these variables are available in Soil
and Water Conservation Engineering handbook by Schwab (1981) or Agriculture
Handbook No. 537.

Smith and Wischmeier (1962) adjusts the soil loss of the L and S
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topographic factors from the standard length of 22 m (73 ft) and 9 percent slope.

These factors can be calculated from the equations:
L-(L (2
73

S = (0.43 + 0.30s + 0.43s52)
6.574

(3)

where x = a constant, 0.5 for slope >4 percent, 0.4 for 4 percent,
and 0.3 for <3 percent.
1 = slope length (feet)

s = field slope in percent

Soil loss is affected by 2 major categories, those that can’t be controlled and
those that can be controlled. Some soils are more erodible by nature, this is an
inherent property of the soil and cannot be manipulated. It is represented as K
in the USLE formula. Erosion due to rainstorm characteristics (R) also falls in
the first category. Land slope (LS), cropping pattern (C), and management (P),
however, falls in the second category which can be controlled (Wischmeier, 1978).

Since each variable can be change one at a time, the USLE is a valuable
tool for trying combinations of crop systems and management practices and

observing their corresponding effects on soil erosion.
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D. Expert System

An Expert system (ES) is a problem-solving method that simulates the
behavior of a human expert. It can store knowledge for a defined subject area and
solve problems by making logical deductions. It is one way of approaching real-
world problems which cannot be solved by other, more orthodox methods (Ignizio,
1991). A knowledge-based expert system uses knowledge derived from experts to
solve problems, much as a human expert wo<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>