Tue WEPP WATERSHED MODEL: II. SENSITIVITY ANALYSIS
AND DISCRETIZATION ON SMALL WATERSHEDS
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ABSTRACT. The Water Erosion Prediction Project (WEPP) watershed scale model was developed by the USDA for
purposes of erosion assessment and conservation planning. The purpose of this study was to verify that the watershed
model behaves rationally and consistently over a range of discretization structures and channel parameter inputs for
applications to small watersheds. Effects of watershed discretization were evaluated for selected events within a one-year
continuous simulation by comparing results for two watersheds under various discretization schemes. Impacts of channel
input parameters were assessed by comparing the value of a linear sensitivity coefficient for user-specified parameters.
Hillslope length, Manning’s coefficients, and channel slope were found to be key parameters in the prediction of
watershed sediment yields. Erodibility and critical shear stress were found to be important for events where channel scour
was active, and the results were sensitive to the hydraulic conductivity for events with small runoff and small sediment
contributions from hillslopes. Improvements in the WEPP model are suggested where limitations were observed.
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he Water Erosion Prediction Project (WEPP)

model is a continuous simulation model for

predicting erosion and deposition due to surface

runoff <-om rainfall, irrigation, and snowmelt. It is
based on fundamental hydrological and erosion processes
(Flanagan and Nearing, 1995). The watershed version of
the model is described in part I of this series
(Ascough et al., 1997).

The first important questions a user faces when trying to
model a watershed are: “What channels should be
represented in the model?” and “How many hillslope
profiles should be used to characterize an area?” The
process of identifying the channels and the hillslopes which
represent the watershed components is called the watershed
discretization. For permanent channels such as terrace
channels or grassed waterways, it may be intuitive to
model all of them. For a larger watershed, however, the
representation of all channels adds to the cost of data
preparation and required computer time and may not
increase accuracy. The problem is more difficult for
impermanent channels or flow paths than for permanent
channels. Which one should be represented? Is there a
threshold size below which flow should be considered
overland flow? Where does a channel start? Depending on
which channels are represented, the hillslope profiles, the
direction of flow on the hillslopes, and the way they feed
the channels (laterally or at the inlet) vary. The level of
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discretization greatly influences the data requirement and
the required computer time, increasing them with the
number of hillslopes and channels used.

Other questions that a user quickly faces are: “What
values should be assigned to each channel parameter?” and
“What parameters are the most important to estimate
accurately?” The wide range of conditions that WEPP can
represent requires a large number of parameters to
characterize the various hillslopes and channels. Previous
studies discussed the parameter sensitivity analysis and
uncertainty propagation for the hillslope version of WEPP.
A sensitivity analysis of the hillslope input parameters was
performed for cropped land on a single event basis
(Nearing et al.,, 1990), wherein a linear sensitivity
coefficient was chosen to quantify and compare the
sensitivity of the model results to input parameter
variations. Deer-Ascough (1995) conducted a
comprehensive sensitivity and uncertainty analysis of the
hillslope model, which included a sensitivity analysis of
the input parameters, first order error analysis, and Monte
Carlo simulations. Chaves and Nearing (1991) used the
Point Estimate Method (Herr, 1987) to assess the
uncertainty of WEPP results under cropping conditions.
Expected output values and their variance were calculated
in terms of the mean and variance of the input values, and
the correlation coefficient between input variables.

Another sensitivity analysis was performed by
Tiscareno-Lopez et al. (1993, 1994) for rangeland
conditions. His methodology, based on a Monte Carlo
simulation and the calculation of sensitivity indices, gave a
measure of the variation of results due to input uncertainty
and assessed the sensitivity of the model to hillslope
parameters (Tiscareno-Lopez et al.,, 1993) and channel
parameters (Tiscareno-Lopez et al., 1994). Sensitivity
indices were calculated from the regression coefficients of
the linear regression equation obtained when several
parameters were varied simultaneously and independently.
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Tiscareno-Lopez used the single event watershed model
and applied it on a small watershed under semi-arid
rangeland conditions. Soil erodibility parameters,
precipitation characteristics, soil composition, and
vegetation (litter and biomass) were considered. The
channel topography and the watershed discretization were
not investigated.

No study has tested the WEPP watershed model using a
wide range of channel parameters. This is an important step
to confirm the basic reliability of the watershed version of
WEPP. The simulation results need to be within expected
values for all possible input parameters. Additionally, the
variations of the results need to be consistent with the
variations of the input parameters (McCuen and Snyder,
1986). This step in model testing also reveals the channel
parameters to which the model is most sensitive. Also, for
the watershed version, it is important to know the impact
which the level of discretization has on the results. Because
of the decreased time in data preparation and computer
run-time for lower levels of discretization, users may be
tempted to choose a coarse level. It is important to evaluate
the sensitivity of the results to the amount of detail in the
data and to estimate the level of discretization which is
appropriate.

The objectives of this study were: (1) to investigate
some of the more important aspects of watershed
discretization effects on the model response; and (2) to
perform a sensitivity analysis for channel parameters which
are user-defined. The study was directed toward small
watersheds, i.e., of approximately 1 ha in size.
Considerable work has been conducted with WEPP on the
hillslope scale, but relatively little has been conducted on
the watershed scale. Even though WEPP is designed for
use on areal sizes ranging from small hillslopes to larger
watersheds, the smaller watershed size was targeted
because: (1) it is considered the next step in the model
evaluation process in moving from the slope to watershed
scale of application; and (2) WEPP is designed with
intended use primarily for application at smaller scales.

METHODS
DISCRETIZATION

Two series of tests were designed to evaluate the
response of the model to increasing levels of discretization.
The first test series used a 200 m wide X 50 m long
hillslope drained laterally by a 200 m long channel (fig. 1).
The channel and hillslope were then divided in 2, 4, and 8

9
% 4%

=

| B v

Figure 1-Watershed discretization used in test series #1. Rectangles
represent hillslope element, and the arrows in the boxes represent
direction of flow on the hillslope. Arrows outside of boxes represent
channels.
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parts. The purpose of the test was to determine the effect of
the number of channels and hillslopes used with the same
basic watershed geometry and size. The channel was
assumed to be triangular with a constant 4% slope and to
have conditions of normal (rather than critical) depth for
the flow at the outlet. The Rational equation option was
used to estimate peak flows for all tests. The hillslopes had
a 9% slope. Simulation conditions include a Miami soil and
a conventional alfalfa scenario for both hillslopes and
channels, and a one year climate file constructed with the
CLIGEN weather generator (Nicks et al. 1995) at the
station of Greensboro, Alabama. CLIGEN uses statistically
summarized weather data from a particular weather station
or sequence. The CLIGEN input data from Greensboro
were derived from National Weather Service records. The
total and bare soil Manning’s coefficient values were
respectively assumed to be 0.04 and 0.015.

The second series of tests used a 1 ha (100 x 100 m)
area (fig. 2), drained by a channel network of increasing
complexity. At the first level, one channel divided the area
into two identical hillslopes. This area was then divided
into up to 15 different hillslopes drained by nine channel
elements. Soil and management characteristics remained
constant for all tests: a conventional alfalfa scenario and a
Miami soil for both hillslopes and channels. Channels
elements were all triangular with a uniform 4% slope.
Hillslopes had a 9% uniform slope. The climatic data and
Manning’s coefficient values were the same as in the
previously described tests.

Yearly values of soil loss and peak flow discharge rates
were compared for the different test cases. In addition,
discretization impact was assessed using predicted soil loss
and peak flow discharge rates for the generated events of
9 January, 1 March, 4 May, 2 August, 12 October, and
23 December. These six events were selected because they
caused significant erosion on the watershed and they were
representative of different seasons and management phases.
Among these, 1 March and 12 October had the lowest
maximum intensities (table 1). May 4 and 23 December
were high intensity events that followed one or more days
of rainfall. August 2 was the highest intensity event and the
conditions were relatively dry, i.e., rainfall had not
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Figure 2-Structure of the watersheds used in test series #2.
Rectangles represent hillslope element, and the arrows in the boxes
represent direction of flow on the hillslope. Arrows outside of boxes
represent channels.
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Table 1. Characteristics of the six selected rainfall events as generated
by CLIGEN for Greensboro, Ala.

Time to Max.
Precipitation Duration Peak Intensity
Date (mm) (h) (h) (mm/h)
9 January 449 1.67 1.40 193
1 March 29.7 1.23 0.02 52
4 May 53.8 3.89 0.47 181
2 August 313 1.90 0.00 254
12 October 43.0 4.37 0.35 87
23 December 90.0 7.96 0.24 208

occurred in the previous two weeks. The 9 January storm
characterized a strong winter event.

In terms of quantitative comparison, we used here the
criteria which has been implicitly assumed by the WEPP
developers of +10% as an acceptable level of error (Lane
and Nearing, 1989). Since treatments for the simulations
result in unique values rather than sample distributions, it is
not possible to perform statistical comparisons of means,
such as I-tests or Duncan tests.

THE CHANNEL PARAMETERS

The third and last series of tests were designed to
evaluate the sensitivity of the model response to changes in
the channel parameters on small watersheds. A square, 1 ha
area divided into four hillslopes and drained by three
channel elements was used (fig. 3). Channel parameter
values were modified individually over a wide range of
possible values, with all other input parameters remaining
constant. All hillslope parameters remained constant so as
not to modify the flow and sediment input to the channels.
We thus studied the parameters which affected channel
erosion, runoff, and sediment routing: channel slope,
channel bank slope or side-slope, channel critical shear
stress, channel erodibility, channel hydraulic conductivity,
and channel total and bare soil Manning’s coefficients.
Parameters that are internally updated by WEPP on a daily
basis (such as soil moisture content, canopy and residue
cover, soil consolidation, and surface sealing state) were
not included in this study. The management conditions
(conventional alfalfa scenario) also remained constant in
this study. The goal of this experiment was to investigate
whether trends in model response to parameter variations
were in agreement with what was expected, and determine
to which parameters the model was particularly sensitive.

-f—50m —p —50m —P

'y
T 1
1=

Figure 3-Structure of the watershed used for the channel parameter
sensitivity analysis. Rectangles represent hillslope element, and the
arrows in the boxes represent direction of flow on the hillslope.
Arrows outside of boxes represent channels.
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WEPP allows the user to define the type and shape of
the watershed outlet structure, if one is present. This option
was intended primarily for use in gauged watersheds where
the collection flume may cause some effect on the outflow
from the channel. In these studies we considered that the
channel ended in hydraulically normal flow with no
constrictions or backflow caused by flumes or other
structures, and that the characteristics of the channel outlet
were the same as for the entire channel.

To quantify the impact of the output variation over a
range of values of an input parameter, a relative sensitivity
index (McCuen and Snyder, 1986) was calculated:
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where I; and I, are the minimum and maximum value of
input used respectively, I77 is the average value of I; and
I, O; and O, are the associated outputs for the two input
values, and O73 is the average of O; and O,. S represents a
normalized change in output to a normalized change in
input. Because it is independent of the magnitude of the
input and the output, its value can be used to compare the
sensitivity of the model to different variables.

The use of this sensitivity index does not account for
interactions between variables. Several model error and
sensitivity studies have been conducted on the WEPP
hillslope model. These may assume independence of
variables (e.g., Nearing et al., 1990) or inter-dependence of
variables (e.g., Chaves and Nearing, 1990). This study is
limited in scope to the broad assumption of parameter
independence and no linkage between hillslope and
channel parameters. In other words, the assumptions are
strong, and the study represents a first step rather than
comprehensive study of the model. Sensitivity indices were
evaluated for annual average values of response and for the
six events discussed previously.

In most cases, the sensitivity index was calculated
between the minimum and maximum input value of the
parameter, i.e., a global analysis was conducted. In some
instances, the response was not gradual because different
processes were active depending on the level of the
parameter value. For example, there may be deposition in
the channel at low erodibility values, sediment transport only
for intermediate erodibility, and soil detachment for the
higher erodibility. In those cases, plots of the response
function versus input variables were constructed in order to
assess how the sensitivity of the model varied over the range
of the input values.

RESULTS AND DISCUSSION
LEVEL OF DISCRETIZATION — TEST 1

As the discretization level increased, there was a trend
toward increasing peak flow rate. The soil loss at the outlet of
the watershed for the two events of 2 August and 12 October
(table 2) in the 8-channel case gave estimates of both peak
flow discharge rate and sediment yield which exceeded the
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Table 2. Simulated peak runoffrates and sediment loads for the six rainfall events
in Test Series No. 1

9 January | March 4 May 2 August 12 October 23 December

Peak Sed. Peak Sed. Peak Sed. Peak Sed. Peak Sed. Peak Sed.
Flow Yield Flow Yield Flow Yield Flow Yield Flow Yield Flow Yield
(m3fs) (kg) (m3s) (kg) (m¥/s) (tonnes) (m¥/s) (kg) (m¥s) (kg) (m¥s) (kg)

1 chant 0.168 867 0.058 144 0.182 29.1 0.111 1459 0.017 71.1 0352 1147
2chant 0.168 867 0.058 145 0.185 299 0.118 1545 0.019 76.1 0352 1143
4chan. 0.168 868 0058 145 0.187 302 0.125 1641 0.020 81.8 0352 1142
8chant 0.168 870 0.058 146 0.188 30.5 0.140* 1848* 0.024* 97.6* 0.352 1143

*  These data exceed 110% of the average response for each case.
t These data were less than 90% of the average response for each case.

+10% criteria. Peak flow rates and outlet sediment yields
remained essentially constant for the other four events.

The increases of peak flow discharge rates and soil loss
with the increase of the number of channel elements for the
2 August and 12 October events were not expected, since
the total channel length remained constant and the lateral
hillslope contribution was the same in each case. However,
the results can be explained by the way the channel runoff
is currently calculated in the WEPP model. For each
channel element, the excess rain is calculated as a function
of the rain characteristics, the soil characteristics, and the
moisture condition. The runoff volumes from upstream
elements are then added. Finally, recession infiltration
(infiltration losses after rainfall stops) is calculated as a
function of the time of equilibrium of the channel element,
the runoff volume, and the rainfall duration. As runoff
losses were calculated for channel elements in the upstream
part of the watershed, the time of equilibrium was smaller,
causing a decrease in calculated recession infiltration
losses. For this reason, the runoff volumes and
consequently the peak flow discharge rates and sediment
loads increased as the channel was divided in smaller
segments. The phenomenon was important when recession
infiltration losses in the channels were high (2 August and
12 October events), and may be particularly important in
arid or semi-arid conditions where channel infiltration rates
are relatively high. The calculations made by WEPP for
channels are analogous to those used to predict recession
infiltration of overland flow on hillslopes. We recommend
revision of the recession infiltration equations for channels
to better account for the case where the watershed is more
finely discretized with shorter channel segments.

LEVEL OF DISCRETIZATION — TEST 2

Loads and peak flow discharge rates from the six
rainfall events described previously are presented in
table 3. Generally, we observed a trend toward a decrease
of the sediment load as the discretization level increased,
except on 12 October where it remained constant and

Table 3. Simulated peak runoff rates and sediment loads for the six rainfall events
in Test Series No. 2

9 January | March 4 May 2 August 12 October 23 December

Peak Sed. Peak Sed. Peak Sed. Peak Sed. Peak Sed. Peak Sed.
Flow Yield Flow Yield Flow Yield Flow Yield Flow Yield Flow Yield
(m¥s) (kg) (ms) (kg) (m3/s) (tonnes) (m¥/s) (kg) (m3s) (kg) (m¥s) (kg)

0.182 824 0.054 156 0.203 34.6* 0.162t 21701 0.028 108 0.329 1064
0.182 856 0054 168* 0.204 41.8* 0.162t 2581 0.028 111 0.328 1169*
0.183 820 0054 153 0.206 34.0*% 0.163t 21261 0.028 108 0.331 1044
0.203*790 0053 149 0.270* 30.1 0.224* 2521 0.03! 109 0.337 1004
0.161 754 0051 146 0.1671 20.8t 0.199 2734 0.032 110 0.356 948
Test6 0.161 758 0.051 145 0.168t 26.0f 0.198 3313* 0.032 109 0356 993
Test7 0.166 735 0.051 142 0.173t+ 24.6f 0.208 3275* 0.033 110 0357 877t

* These data exceed 110% of the average response for each case.
+ These data were less than 90% of the average response for each case.

Test |
Test 2
Test 3
Test 4
Test 5
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2 August where it increased (table 3). There was a lesser
trend for the case of peak discharge flow rates, but some
differences in peak flows for the 4 May and 2 August
events exceeded the 10% criteria.

For all events, the sediment loads at the outlet of the
watershed followed the same trend as the hillslope
contribution (data not shown). For the events of 9 January,
1 March, 4 May, and 23 December, the hillslope
contribution to the channels decreased as the level of
discretization increased. A higher level of discretization
implies shorter hillsiope lengths, which correspond to a
decrease of the hillslope contribution because of a decrease
in rill erosion (Nearing et al.,, 1990). On 12 October the
hillslope contribution remained constant, and on 2 August
it increased with the level of discretization (data not
shown). The increase of the hillslope contribution on
2 August corresponds to an increase of the runoff from the
hillslopes caused by the decrease of the recession
infiltration, similar to the case of channels as discussed
above for test series no. 1. This phenomenon is particularly
noticeable for short and intense rain events, for which flow
discharge continues after the rain has stopped, such as the
2 August event. Overall, the hillslope length is a dominant
factor in determining watershed discretization.

The appropriate hillslope length for use in the model
corresponds to the length beyond which water enters a
channel. The length used should be representative of the
geomorphology of the landscape. Field observation will
provide the correct information on slope length. One might
also refer to county soil maps to obtain guidance on
hillslope length for a given area, keeping in mind that the
USLE slope lengths identified in soil mapping units are
shorter than the slope lengths required by WEPP. This is
because WEPP simulates deposition on hillslopes as well
as detachment while the USLE provides an estimate of soil
loss only. While the WEPP slope length is the distance
from the top of the slope to the point where the runoff
enters a channel, the USLE length is defined as “the
distance from the point of origin of overland flow to the
point where the slope gradient decreases enough that
deposition begins, or the runoff water enters a well defined
channel” (Wischmeier and Smith, 1978). Further work
needs to be conducted in evaluating complex watersheds
where data is available to better define the appropriate
hillslope lengths for a given application. In the meantime,
the user needs to be cognizant of the issue and make
informed estimates of appropriate hillslope lengths when
using the model.

One additional point should be kept in mind regarding
hillslope length and watershed discretization. Studies of the
hillslope model have indicated that when slope length
exceeds approximately 100 m WEPP tends to overpredict
erosion (Nearing and Nicks, 1997). This limitation could
place some significant restrictions on the sizes of
watersheds to which WEPP may easily be applied with
accurate results.

In addition to the length of the hillslope, the position of
the hillslopes relative to the channel was also important. In
the first three tests of series no. 2, hillslopes had all the
same length and their total width was the same, yet flow
discharge and sediment yield varied. The hillslope
contribution in runoff and sediment was therefore identical;
the only difference was the number of channels and the
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configuration of the watershed (hillslopes feeding the
channel laterally or at its inlet). The third test of series
no. 2 was different from the first one only by the number of
channels and the total channel length. In this comparison,
the differences in results were minor. In the second test of
series no. 2, hillslopes were feeding a channel at its inlet
instead of laterally as in the first test. As a result, although
runoff volume and peak flow discharge rates at the outlet
were identical, the outlet sediment loads were higher for
test case 2 compared to test case 1 of series no. 2. The
reason is that runoff and detachment rates in the first half
of the channel were higher when hillslopes fed the channel
at its inlet. The same phenomenon was observed in
comparing test cases 5 and 6. The user needs to be aware of
this result in setting up the watershed configuration to best
describe the case at hand.

CHANNEL PARAMETER SENSITIVITY

Sensitivity to Slope Parameters. The influence of the
channel slope was determined between slope values of
0.9% and 10%. Channels had constant uniform slope and
the slope of the outlet structure (discussed above) was
given the same value as the channel slope. As expected,
outlet yields increased with increasing slope values (fig. 4,
table 4). In these analyses, the friction slopes were
calculated by WEPP using the approximated solutions of
the spatially varied flow equation that were developed for
the CREAMS model (Knisel, 1980; Ascough et al., 1997).
These approximation equations have been derived for
different sets of conditions relating the flow rate, the
Manning’s coefficient, the depth of flow and the bed slope.
For slopes less than 1% these equations gave unstable
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Figure 4-Impact of channel slope on simulated sediment yield for the
six selected events.
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Table 4. Sensitivity values for the annual average
and six selected storm sediment yields

Annual

Sediment Event Sediment Yield Sensitivity

Yield

Sensitivity 9Jan. 1 Mar. 4May 2Aug. 12Oct. 2 Dec.
Slope* 0.133 0210 0482 0.097 0383 0350 0.563
Side slope -0.029 -0.081 -0.177 ~0.082 -0.056 -0.064 -0.259
n total -0.162 -0.770 -1.260 -0.095 -0.297 -0.430 -0.250
nbaresoil 0332 1.090 1.740 0290 0.671 1340 1.510
Crit. shear
stress -0.045 -0.193 -0558 0 0 -0.495 -0.725
Erodibility 0.042 0356 0525 0 0 0221 0.740
Hyd. coed. -0.013 -0.001 -0.008 0 -0.522 -1.000 -0.004

*  Refer to figures 4-10 for ranges of input values considered.

results, and consequently large variations of outlet
sediment yields were observed. We therefore recommend
that the bed slope rather than the friction slope be used
when slopes are below 1% (which is an option with the
WEPP model), unless backwater effects are important.

In addition, when using the approximation equations,
the user should perform some sensitivity study around the
slope value to insure that it is not in an unstable region.

For all events, we observed a sharp increase of the
sediment yield as the slope increased when slope values
were low. The yield then generally reached a plateau before
increasing again. For the two events of 4 May and
2 August, the plateau did not appear. These three phases of
the yield variation correspond to a deposition stage, a stage
at which only transport and neither deposition nor
detachment was occurring, and a. detachment stage. During
the events of 4 May and 2 August, deposition occurred in
the channel for all the slope values that were. considered,
which explains why there was no plateau for these events.

To study the effect of the channel side slope value, its
value was modified between the minimum and maximum
values of 2% and 30% for all channels, as well as for the
outlet structures (fig. 5). Sensitivity values (table 4) were
calculated between side slope values of 2% and 10%
except for the 12 October event where it was calculated
between side slope values of 2% and 6%. For this event,
detachment ended for a side slope of 7% and the sediment
yield remained constant for higher values. The effect of the
channel side slope parameter was different depending on
processes occurring in the channel (fig. 5). When the flow
rate and the transport capacity were large enough for
detachment to occur, the outlet sediment yield was
sensitive to the side slope of the channel. When transport
capacity decreased enough so that detachment did not
occur any more, the yield was independent of the side
slope value. Finally, when deposition occurred in the
channel, the sediment yield decreased again as the side
slope increased, but generally less so than in the
detachment case.

Sensitivity to Hydraulic Roughness Parameters.
Results were sensitive to both the total Manning’s
coefficient (which takes into account vegetation) and the
bare soil Manning’s coefficient (figs. 6 and 7). The
sensitivity values (table 4) indicated that the Manning’s
coefficients, along with the channel slope, were the
parameters to which erosion and deposition in the channels
were most sensitive.
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Figure 5-Impact of channel side slope value on simulated sediment
yield for the six selected events.
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Figure 7-Impact of the bare soil Manning’s coefficient on simulated
sediment yield for the six selected events.

The total Manning’s coefficient is used for the calculation
of the peak flow rate (through the computation of the time of
concentration), the flow shear stress on the vegetation, and
the channel friction slope. Both channel and channel outlet
Manning’s were changed identically in the analysis. Because
the inverse value of the Manning’s coefficient is used in the
Manning formula, results were more sensitive when the
magnitude of the Manning’s coefficient was small (fig. 6).
Sensitivity values were calculated in the range of the more
commonly used Manning’s values of 0.017 to 0.1, or until
detachment no longer occurred, whichever was lowest. For
all events, the sediment yield at the outlet was very sensitive
to this parameter, indicating that its value should be
determined with care. A limitation of the WEPP model is
that only an average value of the total Manning’s coefficient
is entered to represent a system which may have varying
stages of vegetation states during the year. Given the
sensitivity of the results to this parameter, we think the
model could be improved if the value of the Manning’s
coefficient was updated as a function of the height and
density of the vegetation during the year, as well as the flow
rate or depth.

The bare soil Manning’s coefficient (np,e), or more
precisely the ratio of the bare soil coefficient to the total
Manning’s coefficient, is used in WEPP to partition the
total shear stress of flow between that which acts to detach
and transport sediment and that which is lost to friction on
the vegetation. Its value should always be less than the
total Manning’s coefficient. In the CREAMS code the
Manning’s coefficient for bare soil in the channels is fixed
to a value of 0.03. In the WEPP code, it is entered by the
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user who can choose a value between 0.01 and the total
Manning’s coefficient. Sensitivity values were great
(in excess of one) in cases of channel detachment (table 4).
They were lower in case of deposition (4 May and
2 August) but still indicated a high sensitivity of the outlet
sediment yield to the bare soil Manning’s coefficient.

One other point of note is visible in the results of the
sensitivity analysis relative to roughness. Since the results
for this study were obtained in a continuous simulation
mode, results for one event were dependent on previous
events, including the amount of erodible material left in the
channel. For example, for higher values of the Manning’s
coefficient for bare soil, which in general produced greater
erosion, the non-erodible layer of soil was reached on
12 October. Consequently there was less soil available for
erosion at this time of the year and the outlet sediment
yield for a bare Manning’s coefficient of 0.039 was less
than for a value of 0.03 5 (fig. 7).

Sensitivity to Soil Erodibility and Infiltration
Parameters. As expected, both the soil erodibility and its
critical shear stress were sensitive parameters for channel
detachment cases. When hillslope sediment inputs were
great and scour did not occur in the channels, the
erodibility and critical shear stress values for the channel
itself had no influence on the resulting outlet yields. The
4 May and 2 August events were examples of such cases
(figs. 8 and 9).

As expected for erosion cases, the outlet yield decreased
as the critical shear stress value increased (fig. 8). On
1 March and 12 October, the outlet yield remained constant
for the higher values of the critical shear stress. For these
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Figure 8-Impact of channel critical shear stress on simulated
sediment yield for the six selected events.
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Figure 9-Impact of channel erodibility on simulated sediment yield
for the six selected events.

cases, the flow shear stress was not high enough to trigger
erosion and there was consequently no detachment
calculated in the channels.

In general, sediment yield increased as channel
erodibility increased (fig. 9). However, as for the case of
the bare soil Manning’s coefficient, other tests (not shown
here) showed that outlet yields could sometimes be lower
for greater erodibility values than they were for lower ones.
This was due to the fact that when erodibility values were
high, all the erodible surface material was lost during the
previous events. When more erodible material was
available (deeper erodible layer), this phenomenon
disappeared. The results shown here are only for the case
of the deeper erodible layer.

The outlet yield was sensitive to the hydraulic
conductivity of the channel itself only for the 2 August and
12 October events (fig. 10). For all other events, the
sensitivity parameter was on the order of 10-3. For these
two events the incoming runoff from hillslopes was low
(less than 70 m3 compared to more than 120 m3 for the
other storms), which may explain this phenomenon. When
the incoming runoff rate was large, the infiltration capacity
of the channel was not high enough to cause a significant
change in the runoff volume. The transport capacity of the
channel flow and therefore the sediment load remained
constant. On the other hand, when the incoming runoff was
low, the fraction of it that could infiltrate into the channel
was of the same order of magnitude and the transport
capacity was greatly reduced. For the very small event of
12 October, all runoff infiltrated in the channel at the
greater values of the hydraulic conductivity.
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Figure 10-Impact of channel hydraulic conductivity on simulated
sediment yield for the six selected events.

CONCLUSIONS A

Several series of tests were designed to test the WEPP
watershed model behavior and to determine which steps of
the watershed characterization process were particularly
important. With certain notable exceptions, the WEPP
model behaved in a rational and consistent manner. Model
response in a small number of cases were somewhat
counter intuitive, and those instances are reported as
possibilities for model improvement.

With regard to discretization, or how the watershed
should be represented by the sizes, numbers, and
configuration of its various hillslope and channel elements,
we found three important results: (1) the lengths of the
hillslope elements are important; (2) the number of
channels may significantly influence results; and (3)
whether hillslopes feed the top or the sides of the channel
makes a difference in the predicted sediment delivered
from the area. The recommendation is that the user should
be aware of the sensitivity and that these factors should
represent actual field conditions as much as possible.
Hillslope lengths should not normally exceed 100 m for
use in the current WEPP model. This restriction is severe
and must be alleviated if the model is to be applied to
larger watersheds (i.e., greater than approximately 40 ha).
That change will require basic modifications to the WEPP
rill erosion equations in the hillslope portion of the model.
Also, with regard to point (2) above, we recommend that
changes be considered for the WEPP watershed model to
better reflect the effects of recession infiltration on runoff

amounts and flow discharge rates.
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Model sensitivity analysis indicated that the selection of
the Manning’s ‘n’ value for bare soil is critical for the
model. The total Manning’s value and the channel slope are
next in level of model sensitivity. Also, it was determined
that sensitivity to calculated erosion varied greatly on a
storm-by-storm basis, depending on the state of the system
and the storm characteristics. For certain storms the
channel erodibility and critical shear stress were important
factors in the predicted soil loss; whereas, for other storms
they were unimportant.
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