IMPACT OF CALIBRATION WATERSHED
ON RUNOFF MODEL ACCURACY
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ABSTRACT. Hydrologic/water—quality models often need calibration to minimize differences between observed and predicted
watershed responses. Often the measured data from the watershed where the models are applied are not available. Under this
condition, models are calibrated using data from a different watershed having similar land use, soil, and hydrologic
conditions. However, if the watershed used for model calibration is not the same as the watershed where the model is applied
for hydrologic/water—quality predictions, then differences in watershed characteristics may induce errors in model output.
The objective of this study was to quantify the error in model predictions when the modeled watershed is not the calibrating
watershed. The Agricultural Non—Point Source (AGNPS) model was used to quantify model errors using measured data from
watersheds of varying sizes within the Little Washita Basin in Oklahoma. The study indicates that error in model outputs
results when a watershed different than the one of interest is used for model calibration. A significant difference in prediction
error was observed between scaling—up and scaling—down conditions with mean relative error of runoff prediction being
153% for the scaling—down condition and 69% for the scaling—up condition. However, relative error of prediction showed
no particular trend with the scaling ratios. A watershed having significantly higher or lower average curve number and slope

condition was not a candidate watershed for calibrating the AGNPS model.
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ydrologic/water quality (H/WQ) models are
increasingly used to assist with the analysis of
data, test scientific hypotheses, improve the
understanding of environmental processes and
their interactions, and evaluate management scenarios
(Grayson et al., 1992; Taylor et al., 1999). Integration of GIS,
remote sensing, multiple databases, and visualization tools
for extraction of the needed databases have further increased
the use of the models by environmental researchers, resource
planners, and decision makers (Jelinski et al., 1994; Stafford
et al., 1994; Paniconi et al., 1999; Yang et al., 1999).
Rainfall runoff calculations are an important part of
H/WQ simulation models because runoff erodes or dissolves
non—point source pollutants and subsequently transports
them. Runoff is a complex, temporally and spatially variable
process, and is influenced by many factors. Field observa-
tions have shown that the major sources of heterogeneity
leading to spatial differences in runoff are topography, soils,
and space—time scales of precipitation (Loague, 1988;
Kouwen and Garland, 1989; Wood et al., 1990; Beven and
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Wood, 1993; Ogden and Julien, 1994; Shah et al., 1996;
Chaubey et al., 1999a, 1999b).

Watershed size also influences runoff because an ephem-
eral channel network might dominate hydrologic response on
larger watersheds (Moore and Hutchinson, 1991). For
example, in semiarid watersheds, runoff response became
more nonlinear with increasing watershed size, with a critical
transition between 0.37 to 0.60 km? (Goodrich et al., 1997).
The primary cause of this nonlinear response was attributed
to increasing importance of ephemeral channel losses and
partial storm area coverage. Therefore, H/WQ model
calibration in smaller basins was not easily transferable to
larger watersheds, and vice versa.

Depending on the formulation of the H/WQ models, a
number of parameters must be estimated to convert input
rainfall into predicted runoff response of the watershed.
Calibration is the process of adjusting these parameters so as
to minimize the difference between observed and predicted
watershed runoff response. H/WQ models are often cali-
brated using measured data from a different watershed than
the one for which predictions are being made. Similarly,
H/WQ models often are used to identify hydrologic “hot
spots” within watersheds at intermediate points within the
watershed, even though the model in use may not be
calibrated using measured data from those points. Calibrat-
ing a model using data from a different watershed than the
one of interest will introduce uncertainties in model predic-
tions, when considering the complexity of runoff prediction.
The objective of this study was to quantify the error in
modeled runoff when a H/WQ model was calibrated using
data from a watershed having different size, topography, and
land use characteristics.
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METHODS
SITE DESCRIPTION

This study was conducted in the Little Washita Basin, a
tributary of the Washita River, in southwest Oklahoma. Five
watersheds that included the Little Washita (LW), Cement
(CM), Cyril (CR), SCS Pond 26 (SCS), and Boggy Creek
(BC) were delineated from 7.5 minutes Digital Elevation
Model (DEM) data (fig. 1). The nested watersheds were
selected at established U.S. Geological Survey (USGS)
stream gauging stations. Watershed areas ranged from 3.9
km? (BC) to 625.0 km? (LW) (table 1). Pasture was the
dominant land use for all watersheds, except the SCS
watershed where row crops dominated. Urban land use was
a small component for all watersheds (less than 1.5%). The
area—weighted slope, calculated using slope and area of all
cells within the watershed, varied among watersheds
(table 1, fig. 2). The BC watershed had the greatest
area—weighted slope (5.4%), and the SCS watershed had the
least area—weighted slope (2.8%). Soil type on all the
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watersheds was silt except for the LW watershed, which had
2.9% area under sandy soil. The watersheds have a typical
continental climate, characterized as moist sub—humid with
average annual precipitation of 750 mm. A detailed descrip-
tion of the soils, topography, geology, and climate of the
watershed can be found in USDA-ARS (1991).

DESCRIPTION OF THE AGNPS MODEL

The Agricultural Non—Point Source (AGNPS) model
version 5.0 (Young et al,, 1987, 1994) was selected to
quantify error in runoff prediction when the model is
calibrated using data from a watershed different than one
used for making watershed response predictions. AGNPS is
an event-based model that simulates surface runoff, sedi-
ment, and nutrient transport from agricultural watersheds.
Basic model components include hydrology, erosion, and
sediment and chemical transport. In addition, the model
considers point sources of water, sediment, nutrients, and
chemical oxygen demand (COD) from animal feedlots and
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Figure 1. Location of the Little Washita basin and five nested watersheds.

Table 1. Characteristics of the five nested watersheds.

. . Land Use (%)
Area Area—Weighted  Area—Weighted
Watershed (km2) Slope (%) CN (std[“]) Forest Pasture Row Crops Urban Other
Lw 625.0 4.65 71.9 (2.8) 11.0 64.7 22.3 0.9 1.2
CM 161.1 3.91 73.0 (2.6) 7.7 56.1 33.8 1.2 1.2
CR 30.6 3.27 73.9 (1.4) 1.5 52.7 45.5 0.0 0.3
SCS 9.6 2.84 74.0 (1.4) 0.3 475 52.1 0.0 0.2
BC 3.9 5.44 72.3 (1.6) 4.8 69.6 25.0 0.0 0.6

[a] Standard deviation.
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Figure 2. Slope distribution of the five nested watersheds within the Little Washita basin.

springs. Water impoundments, such as tile—outlet terraces,
are considered as depositional areas of sediment and sedi-
ment—associated nutrients.

The model has the ability to predict water quality
characteristics at intermediate points throughout the wa-
tershed network. This capability is based on implementation
of “cells” within the model. Cells are uniform square areas
subdividing the watershed, allowing analyses at any point
within the watershed. All watershed characteristics (23 pa-
rameters or input values) are expressed at the cell level.
Rainfall input is expressed at the watershed level.

The computation in AGNPS is completed in three stages.
In the first stage, initial calculations are made for all cells in
the watershed. These calculations include estimates for
upland erosion, overland runoff volume, time until overland
flow becomes concentrated, amount of soluble pollutants
leaving the watershed via overland runoff, sediment and
runoff leaving impoundment/terrace system, and pollutants
coming from point source input such as feedlots. In the
second stage, calculations are made for the runoff volume
leaving the cells containing impoundments and the sediment
yields of primary cells. In stage three, sediments and
nutrients are routed through the rest of the watershed, and
calculations are made to determine concentrated flow rates,
channel transport capacity, and sediment and nutrient flow
rates.

The AGNPS model calculates surface runoff using the
USDA-NRCS curve number (CN) method. The CN is a
function of land use, soil type, and hydrologic conditions and
is the most sensitive parameter in AGNPS (Chaubey et al.,
1999b). Surface runoff calculated in each cell is routed
through the watershed based on flow directions from one grid
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cell to the next until it reaches the drainage outlet. AGNPS
does not attempt to model groundwater flux.

Results of AGNPS simulations in three small Mississippi
watersheds indicated variable results because simulated total
annual runoff varied from 65% to 151% of observed (Bingner
et al., 1989). Panuska et al. (1991) used five rainfall-runoff
events for catchment at the Agricultural Research Service’s
Cropping Systems and Water Quality Research Unit near
Treynor, Iowa, to evaluate the terrain—enhanced version of
the AGNPS model. Peak flow predictions ranged from +25%
to —75%. Sediment yield estimates seemed to follow peak
flow predictions, attributed to the sediment movement
algorithms in AGNPS driven by hydrology. Engel et al.
(1993) compared the AGNPS, ANSWERS (Areal Nonpoint
Source Watershed Environment Response Simulation), and
SWAT (Soil and Water Assessment Tool) models using four
rainfall runoff events on the same watershed; AGNPS and
ANSWERS showed the best results when compared to
measured values. AGNPS was validated using 50 rainfall-
runoff events of 1981-1983 from two watersheds and five
nested sub—watersheds in east central Illinois (Mitchell et al.,
1992). The arithmetic mean of simulated runoff volume was
13 mm against the observed runoff mean of 7 mm.

An ArcView GIS-based model interface (He et al., 2001)
was used to prepare the AGNPS model input files. Basic input
data used in the interface include soil, digital elevation
model, land use/cover, and watershed boundaries. The grid
cell size used to discretize the watershed was 0.174 km?.

DESCRIPTION OF THE RAINFALL RUNOFF EVENTS AND DATA
SET

The USDA Agricultural Research Service (USDA-ARS)
operates a network of 41 recording rain gauges, known as the
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Table 2. Observed rainfall and runoff of the five watersheds.
Runoff from the Watershed (mm)

Rainfall Date Rainfall
(1999) (mm) Lw CM CR SCS BC
29-30 January 475 1.07 1.86 0.85 1.30 1.13
6 February 25.1 0.99 2.84 1.33 8.30 0.45
9 May 30.3 1.37 4.02 0.76 1.45 0.13
19-24 June 62.5 2.31 2.60 1.93 1.46 1.65
29-30 June 29.2 1.13 2.76 2.62 3.96 0.32
9-10 July 22.5 0.68 1.71 0.75 1.52 0.05
8-9 December 55.4 1.95 2.97 1.91 2.62 1.77

Micronet, within and near the Little Washita basin. Measured
data from the Micronet were used to derive average rainfall
for each event. A total of seven rainfall events in 1999
(29-30 January, 6 February, 9 May, 19-24 June, 29-30 June,
9-10 July, and 8-9 December) were selected for this study.
In the subsequent discussion, each rainfall is identified by the
first date of the event. The criterion used in selecting rainfall
dates was the magnitude of the rainfall. Only relatively larger
rainfall events (>20 mm) were selected because of their im-
portance in erosion and transport of sediment and nutrients
from agricultural watersheds (table 2). The variability in the
rainfall amount observed by the Micronet stations was quan-
tified using the standard error (SE) between observed and av-
erage rainfall and the coefficient of variation (CV) (table 4).

Daily average stream flow data were obtained for each
watershed from U.S. Geological Survey (USGS) stream
gauging stations (http://waterdata.usgs.gov/nwis/annual).
Streamflow was separated into base flow and surface runoff
components using a hydrograph separation program, Base
Flow Index (BFI) (Wahl and Wahl, 1995). The BFI model
identifies the minimum daily mean flow in a 5-day
timeframe, and minima less than 90% of adjacent minimum
are defined as turning points (Wahl and Wahl, 1988; Wahl
and Tortorelli, 1997). Surface runoff (table 2) was estimated
as the difference between total stream flow and base flow,
where the base flow was estimated by drawing straight lines
between turning points of the hydrograph. Rainfall values for
five days preceding each rainfall event were considered to
derive antecedent moisture conditions used in CN calcula-
tions (Haan et al., 1993).

ESTIMATION OF MODEL OUTPUT ERRORS DUE TO
CALIBRATING WATERSHED CHARACTERISTICS

The only watershed response modeled was runoff volume
because no measured water quality data for any of the
watersheds were available. The AGNPS model was cali-
brated for each rainfall event by adjusting the CN to
minimize differences between observed and predicted run-
off. Because AGNPS is a distributed parameter model, each
cell may have a different CN depending on soil and land use
characteristics. This poses a special problem for calibration
because infinite sets of CN may exist that give the same
runoff outputs. To overcome this problem, individual CN
values of all the cells of the watershed were changed either
upward or downward at the same time in the increment of one
until predicted runoff volume equaled observed runoff
volume.

The AGNPS model can be used to obtain watershed
response at the outlet as well as at any other point within the
watershed. The model was calibrated for one watershed at a
time and used to predict runoff at the other four watersheds.
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Therefore, the model produced one prediction on the
calibrated watershed and four predictions with remaining
watersheds. This process was repeated for each of the seven
rainfall events. The predicted runoff values for other
watersheds were then compared with the measured runoff to
quantify model output uncertainty. The output uncertainty
was quantitatively described as percent relative error (RE):

P
RE:|T_O|><100 (1)

where P is the predicted runoff value, and O is the observed
runoff value. RE values were not calculated for the BC wa-
tershed for one rainfall event when observed runoff was
0.05 mm (table 2) because observed runoff became zero
when the runoff value was converted into inches (up to two
significant digits), as runoff calculations in the AGNPS mod-
el are done in inches up to two significant digits.

RESULTS AND DISCUSSION
MODEL ERROR DUE TO CALIBRATING WATERSHED SIZE

Often, H/WQ models are calibrated on watersheds smaller
or larger than the watershed where model predictions are
desired; therefore, two types of scaling conditions were
defined. Scaling—up defined a condition where the calibrat-
ing watershed was smaller in size than the predicting
watershed. Scaling—down referred to a condition where the
calibrating watershed was larger in size than the predicting
watershed. The scaling ratio was defined as the larger
watershed area divided by the smaller watershed area, which
was always greater than one.

From the five watersheds of this study, there were ten
scaling—up and ten scaling—down conditions. RE values
corresponding to seven rainfall events were calculated for
each scaling condition (fig. 3). A significant difference
between RE of scaling—up and scaling—down conditions was
observed using a paired two—tailed t test (p < 0.05) (Sheskin,
2000). However, no particular trend in RE values of runoff for
scaling—up or scaling—down conditions was observed (R? =
0.0).

Accuracy of results can be increased in the AGNPS model
by reducing cell size (Young et al., 1987, 1994). A smaller
cell size is recommended for smaller watersheds compared
to larger watersheds (Young et al., 1987, 1994). This suggests
that smaller ratios of cell size to watershed size (Reen 1o
watershed) Will improve model accuracy. Only one cell size
(0.174 km?) was used in this study, resulting in a smaller Reeyy
to watershed Tatio for larger watersheds and scaling—up condi-
tions. A smaller Ry 1o watershed ratio resulted in lower RE for
scaling—up conditions. The scaling—down conditions had a
significantly greater RE (mean = 153%) than the scaling—up
conditions (mean = 69%) (paired one—tailed t—test, p < 0.05)
(Sheskin, 2000).

RE IN MODELED OUTPUTS DUE TO CALIBRATING
WATERSHED CHARACTERISTICS

For each watershed model prediction there existed seven
RE values associated with seven rainfall events with respect
to each calibrating watershed. Fisher’s LSD tests (Sheskin,
2000) were conducted to assess if the calibrating watershed
characteristics had significant impact on runoff RE. Critical
difference (CDysp) levels were computed to compare the
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Figure 3. Average relative error (RE) of model runoff predictions of all the
rainfall events for scaling—up and scaling—-down conditions.

Table 3. Mean relative error of seven rainfall events for studied
watershed of interest when calibrated with different watersheds.
For each watershed of interest, statistical analysis
(Fisher’s LSD test at 0.05 level) was performed.

‘Watershed of Interest

Calibrating

Watershed Lw CM CR SCS BC
LW 0 alal 45n 74 pq 50y 145 uv
CM 72 ab 3m 150 q 74y 427 uv
CR 50 ab 51n Op 47y 160 uv
SCS 124 b 57n 126 q 0x 440 v
BC 45 ab 59n 54 pq 57y Ou

[a] The same letters within a column indicate that watersheds used in the
model calibration do not give significantly different prediction of runoff
volume RE (p < 0.05).

minimum difference required for two means to differ signifi-
cantly (p = 0.05). Table 3 summarizes the statistical analyses
results of Fisher’s LSD test for each watershed, along with the
average RE values in predicted runoff for seven rainfall
events. The results within each column indicate that a signifi-
cantly larger RE in predicted runoff occurred when the
AGNPS model was calibrated using data from a watershed
other than the one used for making runoff predictions. The
AGNPS—predicted runoff had significantly different RE for
the CM and SCS watersheds when the model was calibrated
using data from any other watershed (table 3, columns 3 and
5). This indicates that when making runoff predictions for the
CM and SCS watersheds, the data from only these two wa-
tersheds should be used for model calibration. For the CR
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Figure 4. Area, land use, and slope of the five nested watersheds in the
Little Washita basin (parentheses denote watershed area in km?).

watershed, predicted runoff had a significantly different RE
when the model was calibrated using data from the CM and
SCS watersheds. For the LW and BC watersheds, predicted
runoff had significantly different RE when the model was cal-
ibrated using data from the SCS watershed.

The SCS watershed did not work satisfactorily as a
calibrating watershed for the AGNPS model (table 3, row 5).
The reason may be that the SCS watershed had the highest
area—weighted curve number and the lowest area—weighted
average slope among the five watersheds (fig. 4).

Model-predicted runoff RE for the CM watershed was
also significantly different when the model was calibrated
using data from any other watershed (table 3), even though
the CM watershed had characteristics (slope and CN values)
similar to many other watersheds. The reason could be the
difference between the trend of model runoff prediction and
observed runoff response. For five out of seven rainfall
events, observed runoff was highest from the CM watershed.
The other two rainfall events (6 February and 29 June)
produced the second highest response on the CM watershed
(table 2). However, the CM watershed had the third highest
value of area—weighted average CN, which resulted in the
third highest value of runoff prediction for this watershed and
not the highest value. The CN method used in the AGNPS
model does not take into account variability of rainfall and
topography, although these factors may influence runoff.
Some of the computer models, such as EPIC (Erosion—Pro-
ductivity Impact Calculator; Williams et al., 1982) and
SWRRB (Simulator for Water Resources in Rural Basins;
Williams et al., 1985), incorporated adjustment in the CN
value based on the slope. The absence of CN adjustment in
AGNPS based on slope might be the cause of the CM
watershed having significantly different RE when calibrated
with any other watershed.

The effect of rainfall variability on model runoff predic-
tion was examined by arranging the model prediction values
for each rainfall event. Twenty RE values of runoff (table 4)
were calculated for each rainfall event (four for each
watershed X five watersheds in the study). For rainfall values
of 22.5 to 30.3 mm, spatial variability of rainfall was higher
(CV > 30) compared to rainfall values from 47.5 to 62.5 mm
(CV < 30) (table 4). Similarly, mean RE of modeled runoff
volumes was also higher for lower rainfall values compared
to higher rainfall (table 4). These results provide further
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Table 4. Statistics of rainfall events based on data from 41 rain gauges
of the watershed along with relative error (RE)
of runoff for each rainfall event.

Rainfall Events RE of Runoff
Date Average SE Cv Mean Cv
(1999) (mm)  (mm) (%) (%) (%)

9 July 22.5 16.4 73.1 58.301 532l

6 February 25.1 9.5 37.6 190.1 147.8

29 June 29.2 16.5 56.3 204.9 146.6

9 May 30.3 9.6 31.6 188.6 153.2
29 January 475 5.6 11.8 43.7 81.0
8 December 554 9.5 17.2 29.7 66.9
19 June 62.5 14.3 22.8 452 67.7

[al Based on 16 observations.

evidence that spatial variability of rainfall increases the RE
of runoff volume predictions of AGNPS and must be consid-
ered to minimize errors in watershed runoff response predic-
tions.

SUMMARY AND CONCLUSIONS

The effect of calibrating watershed characteristics on
runoff predictions using the AGNPS model was assessed.
Five nested watersheds of the Little Washita basin with
measured rainfall and runoff data from seven rainfall events
were used in this study. Calibrating watersheds were found to
have a statistically significant effect on model predicted
runoff RE for a watershed. The AGNPS model prediction for
all five watersheds based on four different calibrating
watersheds showed that at least one calibrating watershed
had significantly different RE of runoff than the control. The
watershed with the lowest value of weighted area average
slope and highest curve number was not found suitable for
calibrating any other watershed. The mean of 20 values of RE
of runoff prediction (five watersheds X four predictions for
four calibrating watersheds) from a rainfall event in general
followed the spatial variability of rainfall. Spatial variability
of rainfall for less than 30.3 mm was more (CV > 30)
compared to rainfall values greater than 47.5 mm (CV < 30).
A significant difference between RE of scaling—up and
scaling—down conditions was observed, but the RE values
showed no particular trend with the scaling—up or scaling—
down ratio (R? = 0.0). Greater RE was observed for the
scaling—down condition (153%) compared to the scaling—up
condition (69%).

The results of this study indicate that every effort must be
made to calibrate the model using data from the same
watershed where the model is used to make runoff response
predictions. A significant error in model predictions can be
expected if the model is calibrated using data from a
watershed having different topographic, soil, and land use
characteristics than the watershed of interest. In general,
when the calibrating and predicting watersheds are different,
the model calibration based on a smaller watershed results in
lesser RE than model calibration based on a larger watershed.
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