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Mathematical models to assess nonpoint-source pollution and evaluate
the effects of management practices are needed to respond adequately to the
water quality legislation of the past 10 years. Action agencics must assess
nonpoint-source pollution from agricultural areas, identify problem areas,
and develop conservation practices to reduce or minimize sediment and
chemical losses from fields where potential problems exist. Monitoring
every field or farm to measure pollutant movement is impossible, and land-
owners need to know bencfits before they apply conscrvation practices. On-
ly through the use of models can pollutant movement be assessed and con-
servation practices most effectively planned.

In 1978 the U.S. Department of Agriculture's Science and Education
Administration—Agricultural Research began a national project to develop
relatively simple, computer-efficient mathematical models for evaluating
nonpoint-source pollution. A model that does not require calibration was
planncd because little data suitable for calibrating a model were available.
Initial efforts concentrated on a field scale because that is where conserva-
lion management systems are applied. A ficld was dcfined as an arca with a
relatively homogeneous soil under a single management practice and small
enough so that rainfall variability was minimal. Requirements for the model
were that it be simple and yet represent a complex system, be physically
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based and not require calibration, be a continuous simulation model, and
have the potential to estimate runoff, erosion, and transport of chemicals in
solution and attached to the sediment. The result of this project was
CREAMS, a field-scale model capable of assessing these conditions and
mecting these requirements (/4).

Our purpose here is to present the concepts, to describe briefly each com-
ponent of the model, and to describe an application of CREAMS
(Chemicals, Runoff, and Erosion from Agricultural Management Systems).
A complete description of the model and instructions for its use have been
published by the U.S. Department of Agriculture (/4).

Model development

Simple mathematical expressions have been used for years as models in
hydrology, erosion, and sedimentation. The universal soil loss equation
(USLE) is a simple mathematical model that relates average annual soil loss
(A) to an average annual rainfall erosivity factor (R), a soil erodibility fac-
tor (K}, a slope length and steepness factor (LS), a cover-management fac-
tor (C), and a supporting practice factor (P) in the form A = RKLSCP (7).
The USLE is a much-used and powerful model for estimating long-term
erosion. Values for its factors are readily available, and calculations are
quick and easy. Values for the C and P factors can be changed to represent
different management and cover conditions, and model calculations can be
repeated to estimate the influence of a change in management.

With present-day needs for evaluating runoff, percolation, erosion/sedi- .
men! transport, and associated dissolved and sediment-adsorbed chemical
losses from farms, one simple relationship is insufficient. Also, long-term
averages can be meaningless, as in the case of a toxic pesticide that may only
be a problem for a few days after application. Interactions between the vari-
ous components of the transport system prevent the use of single, straight-
forward calculations. However, the physical processes can be represented
by a logical series of mathematical expressions that can be solved repetitive-
ly and easily with high-speed computers. First, the modeler identifies the
important physical processes that must be represented to provide the ac-
curacy and detail of information needed from the model. Formulation of
the model expresses the modeler's concepts of the physical system and ideas
of the order of processes. Computer efficiency is also important, espccially
when a model is to be used many times to evaluate a system as complex as
that in nonpoint-source pollution. If a model is to show cffects of manage-
ment practices, the necessary equations and parameters that reflect the
practices must be incorporated into the model.

Models are developed for specific purposes. Their application outside
these specific conditions can result in erroncous answers. For example, use
of a model for estimating streamflow from large basins would likely give
misleading estimates of runoff from a five-acrc area. Average infiltration
might be satisfactory for the basin scale, but for the field scale temporal and
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spatial variations in infiltration might be important. Sediment yield esti-
mates for large basins often require careful description of channel process-
es, whereas accurate descriptions of erosion by raindrop impact on overland
flow areas may be most important for estimating sediment yicld from ficlds.

Review of models

Passage of the Federal Water Pollution Control Act Amendments, Public
Law 92-500, in 1972 resulted in the nced for mathematical models to

evaluate pollution from diffuse agricultural areas. These needs resulted in a

proliferation of model devclopment. Although hydrology and crosion
models were available, there were few models for chemical transport.
Models for evaluating nonpoint-source pollution were assembled, often-
times by ‘‘piggy-backing’’ erosion and chemical components onto hydrol-
ogy models for both field-size and basin-size arcas.

Crawford and Donigian (3) developed the pesticide runoff transport
(PRT) model to estimate runoff, crosion, and pesticide losses from ficld-
size areas. The hydrologic component of the PRT model is the Stanford wa-
tershed model (4); the crosion component was developed by Negev (/7). The
Stanford watershed model was among the first computer simulation models
developed for basin-size areas.

Donigian and Crawford (5) incorporated a plant nutrient component
with the basic PRT model to develop the agricultural runoff model (ARM).
The hydrology, erosion, and pesticide components are the same as the PRT
model. ARM is also for field-size areas. Both the PRT and ARM models re-
quire data for calibration,

Frere and associates (7) developed an agricultural chemical transport
model (ACTMO) to estimate runoff, sediment yield, and plant nutrients
from field- and basin-size arcas. The hydrologic component is the USDA
Hydrograph Lab model (9), which is based on an infiltration concept. The
erosion component is based on the rill and inter-rill erosion concepts and
USLE modifications developed by Foster and colleagues {(6). The ACTMO
model does not require calibration.

Bruce and associates (2) developed an event model —WASCH—to esti-
mate runoff, erosion, and pesticide losses from field-size areas for single
runoff-producing storms. The model requires calibration to a specific site.

Beasley and colleages (/) developed the ANSWERS mode to estimate
runoff, erosion, and sediment transport from basin-size arcas. The model
does not have a chemical component. It is used to identify sources of cro-
sion and areas of deposition within a basin.

The ARM, WASCH, and ANSWERS models are expensive to operate
and cannot be used cconomically for long-term simulation. Long-term
simulation and risk analysis are desirable for examining probabilitics of ex-
ceeding toxic pesticide concentrations.

Models that require calibration to evaluate parameter values are generally
calibrated for a specific site and practice. If relationships for the physical
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processes are not carefully formulated, parameter values can be seriously
distorted. Calibration of a model with data for a specific site and manage-
ment practice can give erroneous results when the model is applied to a dif-
ferent site or management practice without recalibration. Minimizing the
need for calibration is desirable. A model is most useful when values for its
parameters are readily available as functions of easily measured features of
_ the evaluated site and practice. Both modelers and model users should be

aware of problems associated with calibration, availability of parameter
values, parameter distortion by inadequate watershed representation, inac-
curate results from poorly formulated equations, and excessive use of com-
puter time. We sought to minimize these problems with CREAMS.

CREAMS model structure

CREAMS consists of three major components: hydrology, erosion/sedi-
mentation, and chemistry. The hydrology component estimates runoff vol-
ume and peak rate, infiltration, evapotranspiraton, soil water content, and
percolation on a daily basis. If detailed precipitation data are available, the
model calculates infiltration at histogram breakpoints. The erosion com-
ponent estimates erosion and sediment yield, including particle distribution
at the edge of the field on a daily basis. The chemistry component includes
elements for plant nutrients and pesticides. Stormloads and average concen-
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Figure 1, Soil Conscrvation Service curve number method of storm runoff estimation (/5).



CREAMS: EVALUATING BEST MANAGEMENT PRACTICES 18

trations of adsorbed chemicals and dissolved chemicals in the runoff, sed
ment, and percolate fractions are estimated.

The hydrologic component. The hydrologic component consists of tw
options, depending upon availability of rainfall data. One option estimate
storm runoff when only daily rainfall data are available. 1f hourly or break
point (time-intensity) rainfall data are available, a second option estimate
storm runoff by an infiltration-based method.

Option 1: Williams and LaSeur (/6) adapted the Soil Conservation Ser
vice (SCS) curve number method (/5) for simulation of daily runoff. Th
method relates direct runoff to daily rainfall as a function of curve numbe
(Figure 1). Curve number is a function of soil type, cover, managemen
practice, and antecedent rainfall. The relationship of runoff, Q, to rainfall
P, is

- 1
Q= (P -0.25) 1
P +0.8S
where S is a rctention parameter related to soil moisture and curve number
An equation for water balance is used to estimate soil moisture from:

SM,=SM+P-Q-ET-0 ‘ 2

where SM is initial soil moisture, SM, is soil moisture at day t, P is precipita
tion, Q is runoff, ET is evapotranspiration, and O is percolation below the
root zone.

The percolate component uses a storage routing technique to estimat
flow through the root zone. The root zone is divided into seven layers. The
first layer is 1/36 of the root zone depth, the second layer 5/36 of the tota
depth, and the remaining layers, all equal in thickness, are 1/6 of the roo
zone depth. The top layer is approximately equal to the chemically active
surface layer and the layer where inter-rill erosion occurs. Percolation fron
a layer occurs when soil moisture exceeds field capacity. Amount o:
percolation depends on saturated hydraulic conductivity.

The peak rate of runoff, g, (required in the erosion model) is estimatec
by the empirical relationship '

q,= 200 D°? Co-'3® Q(o.ono"-““)L-o.ln_ 3

where D is drainage area, C is mainstem channel slope, Q is daily runofl
volume, and L is the watershed length-width ratio (J4). Although cquatior.
3 was developed and tested for basin-size arcas, testing of CREAMS has
shown it to be applicable to field-size areas as well.

Option 2: The infiltration model is based on the Green and Ampt equa-
tion (8, 13). The concept defined in figure 2 assumes some soil water initial-
ly in a surface infiltration-control layer. When rainfall begins, the soil water
content in the control layer approaches saturation and surface ponding oc-
curs at a time, t, (Figure 2). The amount of rain that has infiltrated by the
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time of ponding, designated F_in figure 2, is analogous to initial abstraction
in the SCS curve number mode! (option 1), but is also a function of rainfall
intensity. After the time of ponding, water is assumed to move downward
as a sharply defined wetting front with a characteristic capillary tension as
the principle driving force. The infiltration curve of figure 2 is approximat-
cd to give the infiltrated depth, AF, in a time interval, At, as

= [4A(GD +F) + (F - A)}]* + A-F, [4]

where A=K /2, D=6,-6,, 6, is water content at saturation, ©, is initial
water contcnt Gis theef fcctlve caplllary tension of the soil, and K is the ef-
fective saturated conductivity. The average infiltration rate T, for the ith in-
terval is

AF,

T,= -.A-—tla- [5)
and runoff/rainfall excess, g;, during the interval is rainfall rate for the in-
terval minus the infiltration rate, r; - T. Total runoff is the sum of all q; for
the storm. The infiltration-based model has three parameters: G, D, and K.

Percolation is estimated as in option 1, except that a single layer below
the infiltration control layer represents the root zone. Percolation is
calculated using average profile soil water content above ficld capacity and
the saturated hydraulic conductivity, K,. Peak rate of runoff is estimated by
attenuating the rainfall excess using the kinematic wave model with
parameter values to account for nonuniform steepness and roughness along
the slope (/8).

The evapotranspiration (ET) element of the hydrologic component is the

/—r(t)

INFILTRATION RATE

RAIN OR

TIME

Figure 2, Schcmnllc representation of runoff model using infilieation approach (13).
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same for both options. The ET model, developed by Ritchie (/2), calculates
soil and plant evaporation separately. Evaporation, based on heat flux, is a
function of daily nct solar radiation and mean daily temperature, which are
interpolated from a Fourier serics fitted to mean monthly radiation and
temperature (/0). Soil evaporation is calculated in two stages. In the first,
soil cvaporation is limited only by available energy and is cqual to potential
soil evaporation. In the second, cvaporation depends upon transmission of
water through the soil profile to the surface and time since stagc two began.
Plant evaporation is computed as a function of soil cvaporation and leaf
area index. If soil water is limiting, plant cvaporation is reduced by a frac-
tion of the available soil water. Evapotranspiration, which is the sum of
plant and soil evaporation, cannot exceed potential soil evaporation,

The erosion component. The erosion component considers the basic pro-
cesses of soil detachment, transport, and deposition. The concepts of the
model are that sediment load is controllcd by the lesser of transport capacity
or the amount of sediment available for transport. If sediment load is less
than transport capacity, detachment by flow may occur, whercas deposition
occurs il sediment load exceeds transport capacity. Raindrop impact is as-
sumed to detach particles regardless of whether or not sediment is being de-
tached or deposited by flow. The model represents a ficld comprchensively
by considering overland flow over complex slope shapes, concentrated
channel flow, and small impoundments or ponds (Figure 3). The model esti-
mates the distribution of sediment particles transported as primary parti-
cles—sand, silt, and clay—and large and small aggregates that are conglom-
crates of primary particles. Sediment sorting during deposition and conse-
guent enrichment of the sediment in fine particles is calculated.

Detachment is described by a modification of the USLE for a single
storm event (6). Rate of inter-rill detachment, D, in the overland flow cle-
ment is expressed as

D,,=0.210 EI (S,;+0.014) KCP (q,/Q) (6}

where El is the product of a storm’s energy and maximum 30-minutc inten-
sity, S,, is the slope of the land surface, q, is peak runoff rate, Q is runoff
volume, K is a soil erodibility factor, C is a cover-management factor, and
P is a contouring factor. Rate of detachment, D,, by rill erosion is ex-
presscd as

D, =37983 nq,*(x/72.6)*' (S,)* KCP (7
where x is the distance downslope and n is a slope-length exponent. The fac-
tors K, C, and P are from the USLE. Inter-rill erosion is primarily a func-
tion of raindrop impact on areas in between the rills; it is not a function of
runoff as the term q,/Q suggests in equation 6. This term converts total ero-
sion for the storm to an average rate. Rill crosion is a function of runoff
rate. Sediment transport capacity for overland flow is estimated by the
Yalin transport equation (/9), modificd for nonuniform sediment having a
mixture of sizes and densitics.
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The concentrated flow or channel element of the erosion model assumes
that the peak runoff rate is the characteristic discharge for the channel. Cal-
culation of detachment or deposition and transport of sediment are based
on this discharge. Discharge is assumed to be steady but spatially varied, in-
creasing downstream from lateral inflow. Friction slope of the flow is esti-
mated from regression equations fitted to solutions of the spatially varied
flow equations so that drawdown or backwater from a control at the chan-
nel outlet can be considered. :

Detachment can occur when sediment load is less than transport capacity
of the flow and shear stress of the flow is greater than the critical shear
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Figure 3. Schematic representation of typical ficld systems in the field-scale erosion/sediment
yicld model. :



CREAMS: EVALUATING BEST MANAGEMENT PRACTICES 185

stress for the soil in the channel. Both bare and grassed waterways, com-
binations of bare and grassed channels, and variable slope along the chan-
nel can be considered.

Water is often impounded in ficlds, either as normal ponding from a
restriction at a fence line, a road culvert, a natural pothole, or in an im-
poundment-type terrace. These restrictions reduce flow velocity, causing
- coarse-grained primary particles and aggregates to be deposited. Deposition
depends upon whether fall velocity of the particles causes the sediment to
reach the impoundment bottom before flow carries them from the im-
poundment. The fraction of particles passing through the impoundment,
FP, of a given particle class, i, is given by the exponential relation

FP,= Aehid (8]

where d, is the equivalent sand-grain diameter and A, and B, are cocfficients
that depend upon impoundment geometry, inflow volume, infiltration
through the impoundment boundary, and discharge rate from the impound-
ment.

In addition to calculating the sediment transport fraction for cach of five
particle classes, the model compules a sediment enrichment ratio based on
specific surface area of the sediment and organic matter and the specific
surface arca for the residual soil. As sediment is deposited, organic matter,
clay, and silt are the principle particles transported. This resuits in high cn-
richment ratios. Enrichment ratios arc important in transport of chemicals
associated with sediment.

Chemistry component—plant nutrients. The basic concepts of the nutri-
ent component are that nitrogen and phosphorus attached to soil particles
are lost with sediment yield; soluble nitrogen and phosphorus are lost with
surface runoff; and soil nitrate is lost by leaching from percolation, by deni-
trification, or by extraction by plants.

The nutrient component assumes that an arbitrary surface layer 1/2 inch
deep is effective in chemical transfer to sediment and runoff. All broadcast
fertilizer is added to the active surface layer, whereas only a fraction is add-
ed by fertilizer incorporated in the soil; the rest is added to the root zone.
{*lilratc in the rainfall contributes to the soluble nitrogen in the surface

ayer.

Soluble nitrogen and phosphorus are assumed to be thoroughly mixed
with the soil water in the active surface layer. This includes soluble forms
from the soil, surface-applied fertilizers, and plant residucs. The imperfect
extraction of these soluble nutrients by overland flow and infiltration is ex-
pressed by an empirical extraction coef ficient. The amounts of nitrogen and
phosphorus lost with sediment are { unctions of sediment yield, enrichment
ratio, and the chemical concentration of the sediment phase.

When infiltrated rainfall saturates the active surface layer, soluble nitro-
gen moves into the root zone. Incorporated fertilizer, mineralization of or-
ganic matter, and soluble nitrogen in rainfall percolated through the active
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surface layer increase the nitrate content in the root zone. Uniform mixing
of nitrate in soil water in the root zone is assumed. Mineralization is
calculated by a first-order rate equation from the amount of potential
mineralizable nitrogen, soil water content, and temperature. Optimum rates
of mineralization occur at a soil temperature of 35°C. Soil temperature is
estimated from air temperature in the hydrologic component.

Nitrate is lost from the root zone by plant uptake, leaching, and denitrifi-
cation. Plant uptake of nitrogen under ideal conditions is described by a
normal probability curve. The potential uptake is reduced to an actual value
by a ratio of actual plant evaporation to potential plant evaporation. A sec-
ond option for estimating nitrogen uptake is based on plant growth and the
plant’s nitrogen content.

The amount of nitrate leached is a function of the amount of water perco-
lated out of the root zone, estimated by the hydrologic component and the
concentration of nitrate in the soil water. Denitrification occurs when the
soil walter content exceeds field capacity. The rate constant for denitrifica-
tion is calculated from the soil’s organic carbon content; it is adjusted by a
twofold reduction for each 10-degrce decline in temperature from 35°C,

The plant nutrient component thus estimates nitrogen and phosphorus
losses in sediment, soluble nitrogen and phosphorus in the runoff, and
changes in the soil’s nitrate content due to mineralization, uptake by the
crop, leaching by percolation through the root zone, and denitrification in
the root zone for each storm. Nitrogen and phosphorus concentrations in
runoff and sediment are computed. Individual storm losses are accumulated
for annual summaries that are used to compute average concentrations.

Pesticides. The pesticide component estimates concentration of pesti-
cides in runoff (water and sediment) and total mass carried from the field
for each storm during the period of interest. The model accommodates up
to 10 pesticides simultaneously in a simulation period. Foliar-applied
pesticides are considercd scparately from soil-applied pesticides because
degradation of pesticides is more rapid on foliage than in soil. The model
considers multiple applications of the same chemical, such as insecticides.
Figure 4 is a flow chart of the pesticide component.

As in the plant nutrient component, an active surface layer about
172 inch deep is assumed. Movement of pesticides from the surface is a
function of runoff, infiltration, and pesticide mobility parameters. Pesti-
cide in runoff is partitioned between the solution phase and the sediment
phase by the following relationships:

(C,Q+(C,M)=aC, [9]
and
C.=K,C, (10]

where C,, is pesticide concentration in runoff water, Q is volume of water
per unit volume of surface active layer, C, is pesticide concentration in sedi-
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Figure 4. Simplified schematic representation of the pesticide model.
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ment, M is mass of soil per unit volume of active surface layer, a is the ex-
traction ratio of the concentration of pesticide extracted by runoff to the
concentration of pesticide residue in the soil, C, is the concentration of pes-
ticide residue in the soil, and K, is the coefficient for partitioning the pesti-
cide between sediment and water phases. The concentration, C,, of the pes-
ticide in solution in runoff from the field is less than the soluble concentra-
tion in the surface layer because of inefficient extraction by runoff. The pes-
ticide concentration, C,, is that in the soil material of the surface layer. Se-
lective deposition, as expressed by enrichment ratio, enriches this concen-
tration in the sediment leaving the fields. The amount of pesticide attached
to the sediment leaving the field is the product of the concentration C,, sedi-
ment yield, and enrichment ratio.

Pesticide washed off foliage by rain increases the residual pesticide con-
centration in the soil. The amount calculated as available for washoff is up-
dated between storms by a foliar degradation process. Pesticide residue in
the surface layer is reduced by imperfect extractions by overland flow and
infiltrated rainwater and by degradation described by an exponential func-
tion with a haif-life parameter.

Application of CREAMS

A major use of CREAMS is evaluation of alternate management prac-
tices for control or minimization of runoff of sediment and chemicals. Sev-
eral alternate practices might be proposed for a given site. Each could be
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Figure 5. Topographic map for the Georgia Piedmont ficld.
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Table 1. Hydrologic analysis of several farming pructices for the example Georgia watershed,
Yalues arc from CREAMS simulations.

Product t
Management Rainfall* Runoff Percolation Evapotranspiration Qqy)
Practice {in) (in) (in) (in) Total Average/Event
{ 116 14.4 24.3 78.4 38.7 0.74
2 116 14.4 24.3 78.4 38.7 0.74
k) 116 8.9 29.2 78.8 22.1 0.61
4 16 8.9 29.2 78.8 19.7 0.55
5 116 14.5 244 8.4 38.7 0.74

*Total for the period May 1973-October 1975.
tProduct of runoff volume, Q, and runoff peak rale, q, (in*/hr).

evaluated with CREAMS, and a farmer could select a practice from those
judged satisfactory.

Example area and practices. A 3.2-acre area from the Georgia Picdmont
physiographic area illustrates the application of CREAMS. Figure 5 shows
the topography of the field. The fenceline restricts surface drainage, which
results in temporary ponding of runoff. The soil is a Cecil sandy loam, 24
inches decp to the B2 horizon.

Five management practices were analyzed for continuous corn:

Practice 1. Conventional tillage—moldboard plow in the spring, disk
twice, plant, and cultivate twice. Rows run across the drainage, more or less
on the contour in the upper end of the field and generally up-and-down
slope at the lower end. Runoff is restricted at the fenceline.

Practice 2. Same as practice 1, except with a grassed waterway in the con-
centrated-flow area.

Practice 3. Chisel plow is used instead of moldboard and no cultivation;
grassed waterway is used in the concentrated-flow area.

Practice 4. Conventional tillage, same as practice |; channel-type terraces
with 0.2 percent grade; tillage on contour; grassed terrace outlet channel.

Practice 5. Same as practice 1 with a tile outlet impoundment at the fence-
line.

The plant nutrient component was run twice, once with practice 1 for a
single application of 125 pounds per acre nitrogen and 25 pounds per acre
phosphorus at planting time and again with a split application of nitro-
gen—25 pounds per acre incorporated at planting time and 100 pounds per
acre topdressed 30 days after planting. A soluble pesticide, atrazine, and
one adsorbed type, paraquat, were assumed to be surface-applied at plant-
ing time at the rate of 3.0 pounds per acre and 1.83 pounds per acre, respec-
tively, for each management practice. Paraquat used in this application is
considered only as an-indicator for transport of any strongly soil-adsorbed
chemical that is applied annually or is present as a residue from previous ap-
plications,
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Results from hydrologic component. The daily rainfall hydrologic op-
tion was used to gencrate hydrologic values required by the erosion and
chemistry components. Table 1 shows the results. Hydrologically, the only
changes were in management practices 3 and 4 as compared with practice 1.
Reduced curve numbers resulted in less computed runoff for these two prac-
tices. The roughness and the surface cover of corn residue in the chisel plow
system accounted for its reduction in runoff. In practice 4, terraces and con-
touring reduced runoff volume and attenuated the peak rate of runoff be-
cause of a longer total flow path (increased cffective length:width ratio).
The parameters were not chosen to reflect a hydrologic influence of the
grassed waterway or impoundment at the fenceline.

The effect of terraces and contouring on runoff was equal to that of
chiseling and associated crop residue. Runoff volume and thus percolation
and evapotranspiration did not change between practices 3 and 4. Runoff,
percolation, and evapotranspiration were the same for practices 1, 2, and 5.
However, runoff from these practices was 1.6 times that from practices 3
and 4. )

The last column of table 1 gives the sum of the product of volume of
runoff and peak runoff rate for the period of record, which is an index of
the potential power of runoff for sediment transport. The index provides a
relative comparison of the management practices. Since runoff volumes and
peak rates did not change among practices 1, 2, and 5, the index value did
not change. The peaks associated with lower volumes for practice 3 resulted
in a much lower value, and the peak attenuation caused by the terraces in
practice 4 further reduced the index even though volumes were the same for
practices 3 and 4. The empirical relationship for peak rate (equation 3) does
not reflect an increased hydraulic roughness for grassed waterways,.as in
practice 2, or the cffect of impoundments, as in practice 5.

Results from erosion/sediment yield component. To apply the erosion
component, an overland flow element and a concentrated flow element
were used (o represent the watershed for practices 1, 2, and 3. An impound-
ment element was added for practice 5. Practice 4 was represented by an
overland flow element and a series of two channel elements. Parameter val-

Table 2. Erosion/sediment yield analysis of scveral farming
practices Tor the example Georgia watershed. Values are
from CREAMS simulations.

Sediment Enrichment Ratio (ER) Product

Management  Yield® Bascd on (SY+ER)
Practice (t/a)  Specific Surface Area  (t/a)
1 9.47 2.1 19.89
2 4.80 2.7 12.96
3 1.79 2.3 4,12
4 1.72 29 4.99
5 -0.96 4.3 4.13

*Total for the period May 1973-Oclober 1975.
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Table 3. Summaries of total plant nutrient components for
five management practices for the Georgia Pledmont,
1973-1975. Values are [rom CREAMS simulations.

Management Practice
IA* 1B 2 3 4 5

Nitrogen (Ib/a)

Inputs
Fertilizer 375.0 375.0 375.0 375.0 375.0 375.0
Rainfall 2011 210 211 211 2L1 2L
Mineralization 65.0 65.0 65.0 65.3 65.3 65.9
Outputs
Runoff 33 30 33 19 19 33
Sediment 33.7 337 197 82 1.8 48
Plant uptake 287.6 196.4 287.6 285.6 285.6 287.6
Leaching 51.9 949 519 612 61.2 51.9
Denitrification 95.8 182.7 95.8 91.6 91.6 95.8
Phosphorus (Ib/a)
Inputs
Fertilizer 75.0 75.0 75.0 75.0 75.0
Outputs
Runoff 1.2 1.2 N 7 1.2
Sediment 12.8 74 30 29 138

*Practices 1A, 2, 3, 4, and § had 25 pounds per acre of ni-
trogen fertilizer incorporated at planting and a topdressing
of 100 pounds per acrc about 30 days alter corn emer-
gence. Practice IB had 125 pounds per acre incorporated
at planting time,

ues for 10 overland flow paths around the watershed were averaged for a
representative overland flow path. The fenceline at the watershed outlet was
assumed to restrict flow, causing backwater.

Simulation results indicate the factors affecting erosion and sediment
yield at this site (Table 2). Deposition occurred with practice 1 because the
enrichment ratio, ER, of 2.1 was greater than 1.0. 1f the model computes no
deposition, this ratio is 1.0. Deposition was on the toe of the concave over-
land flow slope, but most was in backwater immediatcly above the fence-
line. The model predicted that the natural waterway upstream from the
backwater would erode.  * .

A grassed waterway, practice 2, eliminated erosion by concentrated flow
in the previously unprotected waterway and caused deposition of some scdi-
ment eroded on the overland flow area. The increase in enrichment ratio
from 2.1 to 2.7 resulted from increased deposition. Fines were not reduced
in the same proportion as sediment yield (SY) because the enrichment ratio
increased. The product of sediment yield and cnrichment ratio, a relative
measure of both sediment yield and specific surface area, indicates the car-
rying capacity for chemicals attached to the sediment.

Deposition in and at the edges of the grassed waterway would cause main-
tenance problems and should be reduced by reducing erosion on the over-
land flow area. Chisel plowing, practice 3, provided that reduction, which
would also help maintain soil productivity.
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Instead of conservation tillage, the farmer may prefer conventional till-
age with conventional terraces, practice 4, and a grassed outlet channel.
Sediment yield was reduced 82 percent, but the enrichment ratio increased
because of considerable deposition in the terrace channels and in the grassed
outlet channel. Another possibility was an impoundment terrace, practice 5,
which further reduced sediment yield, but greatly increased the enrichment
ratio. The resulting product of sediment yield and enrichment ratio was as
high as that for practice 3, in which sediment yield was 1.8 times that of
practice 5.

As expected, enrichment ratio increased as sediment yield decreased, but
in a scattered fashion. Furthermore, the relationship may be quite different
for other sites.

Results from nutrient component. Table 3 summarizes the results from
the plant nutrient component for the 30-month period. Two runs were made
for management practice 1 to demonstrate the effects of possible fertilizer
treatments. Fertilizer application was the same [or management practices
1A, 2, 3, 4, and 5, where 25 pounds per acre of nitrogen was incorporated at
planting time and 100 pounds per acre of nitrogen was topdressed, about 30
days after corn emergence. In practice 1B, 125 pounds per acre of nitrogen
was incorporated at planting time.

The results for practices 1A, 2, 3, 4, and 5 reflect differences caused by
changes in runoff and sediment yield for the dif ferent practices. Practices 3
and 4 resulted in less runoff and more percolation than did practices 1A, 3,
and 5. Thus, nitrogen and phosphorus in runoff was less for practices 3 and
4, but more nitrate was leached out of the root zane, and more denitrifica-
tion occurred. Plant uptake of nitrogen changed little because there was lit-
tle change in evapotranspiration. These changes in nitrogen uptake reflect
slightly different crop yields due to differences in water and nitrogen avail-
ability.

A split application versus a single application of nitrogen can be evaluat-
¢d by comparing results for practices 1A and 1B. Part of the difference in
nitrogen loss was due to storm rainfall/runof f/sediment loss events relative

Table 4. Summary of total pesticide losses for flve management practices on the cxample
Georgia watershed, 1973 to 1975, Values are from CREAMS simulations.

Pesticide
Atrazine Paraquat
Total Total Total Total

Management  Applicd Loss Percent of Applicd Loss Percent of
Practice (1b/a) (Ib/a) Application (ib/a) (Ib/a) Application

l 9.0 0.049 0.55 5.5 0.237 4.32

2 2.0 0.048 0.54 5.5 0.135 2.46

3 9.0 0.020 0.22 5.5 0.035 0.65

4 9.0 0.020 0.22 5.5 0.056 1.03

H 9.0 0.048 0.53 5.5 0.048 0.88
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to time of application and part was due to all of the nitrogen being incorpo-
rated into the soil for practice 1B. Nitrogen uptake was less for the single
application than for the split application for the same evapotranspiration
because leaching and denitrification depleted the high soil nitrate following
the single application, This illustrates the influence of storm sequence. If
rainfall had been more frequent but less in total amount, the results might
have been entirely different. Nitrate leaching among the five practices re-
flected the change in percolation. Surface losses of nitrogen and phospho-
rus largely reflected runoff and sediment losses.

Results from pesticide component. Table 4 summarizes pesticide losses
for the five management practices during the simulation period. Atrazine
and paraquat represent a dissolved and a sediment-attached pesticide, re-
spectively, and the losses show the effects of the management practices on
runoff and erosion. Atrazine is transported mainly in water, and the re-
duced runoff from chisel plowing and terracing (Practices 3 and 4, Table 1)
reduced losses by about 60 percent. The slight changes in loss from practices
1 to 2 to 4 reflect the small amount of atrazinc transported by sediment.
Since paraquat is transported mainly in scdiment, losses are generally close-
ly associated with sediment yicld. The exception is for practice 5, where the
impoundment resulted in the lowest sediment yicld (Table 2). Deposition of
coarse particles in the impoundment resulted in the highest enrichment ratio
and sediment having the highest fraction of fines. The fine sediment is the
main carrier of pesticides attached to sediment. Enrichment of fines result-
ed in more paraquat loss from practice 5, the impoundment system, than
from practice 3, the chisel plow system, where sediment yield was greater.

Utility of results. The relative results of applying the CREAMS model
may change for the same practices in other land resource arcas or other
fields in the same land resource area. Application of the model is site specif-
ic, and the examples represent a specific topographic and climatic situation.
However, these results demonstrate the utility of CREAMS as a tool to
evaluate alternative management practices and the complex interactions
among the components for-the several practices. The results show that a
specific management system may not minimize all pollutants (sediment,
plant nutrients, and pesticides). Factors other than minimizing pollutants
must be considered in sclecting a management practice, such as farm ma-
chinery requirements and the farmer’s economic constraints.
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