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HE mathematical model EPIC (Ero- the cost of erosion and determining op- the first attempt to develop a nationally
applicable crop yield-soil loss relationship.
sion-Productivity Impact Calcula- timal management strategies.
USDA held a workshop in February 1980
tor) was developed recently to deto discuss ways of improving understandtermine the relationship between soil ero- Need for the model
ing of the crop yield-soil loss relationship.
sion and soil productivity in the United
A recent history (2) of the soil erosion It became apparent during these discusStates (6). To accomplish this complex objective, four goals were set in the model issue revealed that the farm public’s con- sions that the erosion-productivityproblem
development process. The model must be cern for erosion and soil degradation de- deserved special attention. Thus, in an ef(a) physically based and capable of simu- clined during the 1950s. Primarily because fort to develop a suitable soil erosion-prolating the processes involved simultaneous- of water pollution and reservoir siltation, ductivity relationship, a USDA National
ly and realistically using readily available however, concern resurfaced in the late Soil Erosion-Soil Productivity Research
inputs; (b) capable of simulating hundreds 1960s and early 1970s. After 1970, public Planning Committee was appointed. This
of years, if necessary, because erosion can interest in erosion control increased mainly committee was given three objectives:
1. To determine what is known about
be a relatively slow process; (c) applicable because of uncertainty about future soil
the problem by (a) defining it, (b) identifyto a wide range of soils, climates, and crops productivity.
In 1977 Congress passed the Soil and ing research accomplishments, and (c)
encountered in the United States; and (d)
efficient, convenient to use, and capable of Water Resources Conservation Act (RCA) identifying current research efforts.
assessing the effects of management that directed the secretary of agriculture to
2. To determine what additional knowlappraise periodically soil, water, and re- edge is needed.
changes on erosion and soil productivity.
3. To develop a research approach for
EPIC is composed of physically based lated resources and their conservation on
components for simulating erosion, plant agricultural land and to make long-range solving the problem.
growth, and related processes. It also in- policy decisions on the use and protection
In 1981 the committee reported its findcludes economic components for assessing of these resources. With development of ings (5). The report indicated that research
plans to implement RCA, it became ob- on the effects of soil erosion on crop proJ . R . Williams is a hydraulic engineer and P . vious that no reliable method existed for
duction was limited. It recommended a reT. Dyke is an agricultural economist with the
quantifying
the
costs
of
soil
erosion
or
the
search
approach consisting of mathematiAgricultural Research Service, U.S. Department
of Agriculture,) P.O. Box 748, Temple, Texas benefits from erosion research and control. cal modeling and field experiments.
76503. K . G . Renard is a hydraulic engineer,
To overcome this deficiency, two U.S.
ARS, USDA, 2000 East Allen Road, Tucson, Department of Agriculture (USDA) scienPlan of action
Arizona 85705. This article is a contribution
from ARS, USDA, in cooperation with the tists, L. L. Hagen and P. T. Dyke, develAn Agricultural Research Service and
Texas Agricultural Experiment Station, Texas oped an empirical crop yield-soil loss relaA b M University.
tionship (1)for use in the RCA appraisal, Soil Conservation Service research plan-
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of model development, was planned, and
data sets appropriate for testing various
components were identified. Plans for assembling the data sets in proper formats
were also initiated.

The EPIC model
The EPIC model has been tested at more
than 150 locations in the continental
United States and 13 locations in Hawaii.
Commonly used input data (weather,
crop, tillage, and soil parameters) are
available from a computer filing system
assembled especially for use of EPIC
throughout the United States.
EPIC consists of eight major divisions:
hydrology, weather, ermion, nutrients,
plant growth, soil temperature, tillage,
and economics.
The hydrology model simulates surface
runoff volume and peak discharge, given
daily rainfall. Other hydrologic components are evapotranspiration, percolation,
lateral subsurface flow, drainage, irrigation (sprinkler or furrow), and snowmelt.
Four options are provided for inputing
weather information into EPIC. The first
three deal with precipitation, air temperature, and solar radiation (all three variables can be read into the program; precipitation can be read in and temperature and
radiation simulated; or all three variables
can be simulated). Snowfall is estimated as
a function of precipitation and air temperature. The fourth option, wind (velocity
and direction), is simulated for sites where

wind erosion is considered. Wind erosion is
predicted using the Manhattan, Kansas,
wind erosion model (18) modified to
operate with a daily time step.
Water erosion is simulated with a modification (4) of the universal soil loss equation (7).
The two plant nutrients considered in
EPIC are nitrogen and phosphorus. Nitrogen processes simulated include runoff of
nitrate, organic nitrogen transport by sediment, leaching, upward nitrate movement
by soil evaporation, denitrification, immobilization, mineralization, crop uptake,
rainfall contribution, fertilizer application
(user specified or automatic), and fixation.
Phosphorus processes simulated include
losses of soluble phosphorus in runoff and
mineral and organic phosphorus with sediment, immobilization, mineralization,
sorption-desorption, crop uptake, and fertilizer.
A general plant growth model simulates
above-ground biomass, yield, and roots for
both annual and perennial crops (corn,
grain sorghum, wheat, barley, oats, peanuts, sunflowers, soybeans, alfalfa, cotton,
grasses). EPIC accommodates multiple
crops during a year and any crop rotation.
The plant growth model simulates energy
interception; energy conversion to roots,
above-ground biomass, and grain and
fiber production; and water and nutrient
uptake. Plant growth is constrained by water, nutrient, and air temperature stresses.
Soil temperature is simulated to serve
the nutrient cycling and root growth components of EPIC. Soil temperature is predicted at the center of each soil layer as a
function of the previous day’s soil temperature and the present day’s air temperature
and solar radiation.
The EPIC tillage model simulates row
height, surface roughness, change in bulk
density, transition from standing flat residue, and mixing of soil layers, nutrients,
and plant residue for any tillage operation.
EPIC’Seconomics component uses a crop
budget to calculate crop production costs.
Income is determined from simulated annual crop yields. Net profit (income minus
cost) is subject .to change as the soil erodes.
The drainage area considered by EPIC
is generally small (about 1 hectare) because
soils and management are assumed to be
spatially homogeneous. In the vertical direction, however, the model can work
with any variation in soil properties-the
soil profile is divided into a maximum of 10
layers (the top layer thickness is set at 10
millimeters for estimating nutrient runoff;
all other layers may have variable thickness). When erosion occurs, the thickness of
the second layer is reduced by the amount
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ning conference was held in September
1981 at Lafayette, Indiana, to identify the
most pressing needs in four areas associated
with the erosion-productivity problem:
models of soil erosion-soil productivity, experimentation to quantify the effect of erosion on productivity, water and wind erosion mechanics, and conservation tillage.
Only the area dealing with models of soil
erosion-soil productivity is discussed here.
A team of 14 researchers from various
Agricultural Research Service (ARS) locations throughout the United States was
formed to develop the model. In contrast
with the other research areas, the modeling group had a short deadline to produce
a working model for the 1985 RCA planning process. A working, validated model
was needed within 15 months of the Lafayette workshop.
To meet the deadline and maintain reliability, plans were made to develop the
model by linking state-of-the-art components. Of course, some components needed
refinement, and in a few cases new developments were necessary. Each member of
the modeling team accepted some responsibility for refining or developing a particular component of the model. Because the
modeling team was scattered throughout
the United States, plans were made to establish a computer terminal network to allow the necessary interaction among team
members. The close working relationship
was essential to ensure that the completed
model components interfaced properly.
Model testing, another important phase

Table 1. Comparisons of simulated and measured runoff and sediment vield. Fc

Watershed

Years

w-10
sw-11
Y-14

5
4
4

.
liment Yield
Mean
Standard Deviation
Measured Simulated
Measured Simulated
(tlha)
0.082
0.082
0.098
0.044
0.82
1.33
1.11
0.93
1.11
1.81
0.82
1.04

Mean
Standard Deviation
Measured
Simulated
Measured
Simulated
(mm)
246
264
126
131
140
139
125
150
204
245
138
164

Model tests and applications
EPIC is in its final phase of testing before being used for the RCA analysis.
Three criteria have been considered in
evaluating the model during the tests: (1)
simulation accuracy, (2) model efficiency
and balance, and (3) influence of erosion
on crop production. Typical test results
(Tables 1 and 2) indicate that EPIC is capable of simulating erosion, crop growth,
and related processes realistically. Table 1
shows runoff and sediment yield results
from three small watersheds in Falls County, Texas. Table 2 compares simulated and
measured yields for 12 research plots.
EPIC satisfies the second evaluation criterion, model efficiency and balance, quite
satisfactorily. As mentioned, computing
costs are about 15 cents per year of simulation. Also, large data files have been constructed so that data assembly for U.S.applications is convenient and inexpensive.
Table 3 illustrates the balance of the
model-no one component is dominant in
'Use of trade names does not imply endorsement by
USDA.

Table 2. Comparisons of simulated and recently measured crop yields.
Yield (kglha)
Standard Deviation
State
County
Years Crop
Measured Simulated Measured Simulated
1,035
1,110
Iowa
Monona
5 Corn
6,996
7,653
Iowa
Monona
5 Oats
1,755
2,225
774
1,000
1,908
1,895
6,162
7,325
10 Corn
Monona
Iowa
1,702
798
7,235
7,270
7 Corn
Ringgold
Iowa
284
53 1
2,065
1,910
7 Soybeans
Ringgold
Iowa
1,296
1,075
7,095
6,593
10 Corn
Ringgold
Iowa
790
815
7,580
6,664
Story
5 Corn
Iowa
922
1,215
7,265
6,575
5 Corn
Story
Iowa
1,279
1,210
7,250
6,077
5 Corn
Story
Iowa
1,010
1,175
7,205
7,033
4 Corn
Story
Iowa
2,077
1,635
7,632
7,833
10 Corn
Missouri Boone
2,665
2,020
8,399
7,460
3 Corn
Coshocton
Ohio

.

terms of computer execution time.
To determine the model's sensitivity to
erosion, crop yields were related to accumulated erosion for SO-year simulation
periods. The resulting regression equations
were used to compare expected yields at
the start and end of the 50-year period.
Generally, the analysis indicated a reduction in crop yield depending upon soil and
climatic characteristics and fertilization
rate. In some areas with high erosion rates
and unfavorable subsoil, the crop yield
reduction was as much as 40 percent.

Conclusions
EPIC is operational. It has produced
reasonable results under a variety of
climatic conditions, soil characteristics,
and management practices. It has also
demonstrated sensitivity to erosion in terms
of reduced crop production.
More extensive testing is planned for
EPIC. Although some components of the
model, such as hydrology and erosion, are

Table 3. Computing time distribution for the
EPIC model components.
ComDonent
Weat her
Wind
Wind erosion
Surface runoff, erosion,
nutrient runoff
Percolation
Evapotranspiration
Tillage
Nutrient cycling
Plant growth
Input-output

Time f0/o)
7.5
8.9
7.5
13.1
14.8
5.1
4.5
16.9
8.9
13.1

based on accepted technology, other components will require rigorous testing for
validation. Because they are newly developed and extremely important to the success of the EPIC model, the two components that need testing most are crop
growth and nutrients.
EPIC has many potential uses beyond
the RCA analysis. These include: (a)
national-level conservation policy studies;
(b) national-level program planning and
evaluation; (c) project-level planning and
design; and (d) research.
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of the eroded thickness, and the properties
of the top layer are adjusted by interpolation (according to how far it moves into the
second layer). When the thickness of the
second layer becomes zero, the top layer
moves into the third layer, and so on.
Although EPIC is a fairly comprehensive model, it was developed specifically
for application to the erosion-productivity
problem. Thus, user convenience was an
important consideration in designing the
model. The computer program contains 53
subroutines, although there are only 2,700
FORTRAN statements. Because EPIC operates on a daily time step, computer costs
for overnight turnaround are only about
15 cents per year of simulation on an
AMDAHL 470' computer. The model can
be run on a variety of computers since storage requirements are only 210 K.
Output from EPIC (crop production,
costs, erosionrates,etc.) will be input for the
CARD (Center for Agricultural and Rural
Development) linear programming model
(3)to complete the national RCA analysis.

