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|. Introduction

Nonpoint source (NPS) pollution problems cause tens
of billions of dollars in damage in the U.S. every year
(Lovejoy et al.,, 1997). Nutrients, pesticides, sediment, ani-
mal wastes, bacteria, and salt are the primary NPS pol-
lutants from agricultural activities. Fertilizer and livestock
waste applied to agricultural fields are the primary causes
of nitrate-nitrogen contamination within Indiana (IDEM,
1989). The hypoxia region in the Gulf of Mexico has been
a concern, and it was found that NPS pollution is the pri-
mary cause of hypoxia. Although the nitrate concentrations
in streams in the Indiana White River basin don't exceed
100 mg/l, it plays important roles in eutrophication of
lakes in Indiana and in the Gulf of Mexico (U.S. EPA,
1997). Thus, we need to design short-term, intermediate,
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and long-term plans to reduce nutrient loadings to the
Gulf of Mexico. Also, pesticides lost in runoff and shallow
groundwater can impair surface and subsurface water
quality. A variety of pesticides were commonly found in
streams in the Indiana White River basin (Fenelon, 1998).
Pesticides behave differently depending on their properties,
such as sorption, soil and water half-life, and water solu-
bility. Highly soluble pesticides usually move with runoff
or leach to shallow groundwater, while some pesticides
having higher sorption coefficient adsorb onto the soil and
results in low concentrations in water, but in high
concentrations on soil particles (Bicknell et al., 1996).
Identification of regional NPS pollution problem areas
is important to farmers, extension agencies, and action ag-
encies because their success is dependent on development
and implementation of appropriate management strategies.
To identify the severity of NPS pollution and methods for
its control, many models have been developed and tested
over the years (Beasley et al, 1980; Knisel and Davis,



PEA - U= A2 - A7 - HEA

1999; Arnold et al, 1993). However, preparing input data
for these models is often difficult for model users. The
Geographic Information Systems (GIS) are often used in
preparing these data for hydrologic and water quality
models. The GIS can be used to map, compare, and
spatially analyze the input data and output which can be
useful in understanding and interpreting the results
(Stallings et al.,, 1992).

Hydrologic models integrated with GIS have the
advantage of ease and efficiency of storing, retrieving,
and formatting the many types of spatial and tabular data
required for hydrologic/water quality modeling (Stallings
et al., 1992). Examples of GIS integration into physically-
based hydrologic and water quality models and rank-based
groundwater models include ANSWERS (Rewerts and
Engel, 1991), AGNPS (Engel et al., 1993; Engel, 1996),
SWAT (Srinivasan and Arnold, 1994), DRASTIC (Engel
et al., 1996), SEEPAGE (Engel et al.,, 1996), SPISP (Engel
et al, 1996), NAPRA WWW (Engel and Manguerra,
1998; Engel and Lee, 1998), Nutrient Enabled NAPRA
WWW (Lim and Engel, 1998), and L-THIA (Lim et al.,
2001). However, even models integrated with GIS still
require experienced people to prepare input data, make
the appropriate assumption, and interpret the output (Engel
and Lee, 1998, Lim and Engel, 1998). Thus, the NAPRA
WWW system was developed to enable the users having
no scientific backgrounds on hydrology and water quality
to simulate the effects of pesticide managements on
hydrology and pesticide losses (Engel and Lee, 1998), and
the nutrient component of Groundwater Loading Effects of
Agricultural Management Systems (GLEAMS) was added
to the NAPRA WWW system (Lim, 1998 Lim and Engel,
1998; Lim and Engel, 2003) for the simulation of nutrient
component. This NAPRA WWW system is useful to
estimate the effects of agricultural management on surface
and subsurface water quality, and it can also be used to
determine the appropriate rates of pesticide and nutrient
applications to meet water quality specifications such as
Total Maximum Daily Loads.

The goals of this paper were to evaluate the predictive
abilities of the NAPRA WWW system from nutrient and
pesticide perspectives. In this study, the NAPRA WWW
system was run for 18 study watersheds and six water-
sheds in Indiana to examine the nutrient and atrazine losses
in runoff, respectively.
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Il. Review of Literature

Hamlett et al. (1992) identified the NPS pollution
potential of 104 watersheds in Pennsylvania and prioriti-
zed them based on watershed NPS pollution indices. GIS
data were used to compute the watershed NPS indices by
combining four other indices a runoff index, a sediment
production index, an animal loading index, and a chemical
use index. The 104 watersheds were ranked based on
these indices and the watersheds vulnerable to NPS pol-
lution were identified for more intensive managements to
mitigate the water quality degradation (Hamlett et al.,
1992). Choi et al. (2000) also identified the NPS pol-
lution potential in subwatersheds of the Soyang Dam
basin in Korea based on the same NPS indices as those
considered in the study by Hamlett et al. (1992). How-
ever, Choi et al. (2000) used the Long-Term Hydrologic
Impact Assessment (L-THIA) GIS system (Lim et al., 2001)
and Revised Universal Soil Loss Equation (RUSLE)
integrated with ArcView GIS. Choi et al. (2000) also
developed a Vulnerability Index map generator to create
vulnerability index maps with different weights for each
index. The Hamlett et al. (1992) and Choi et al. (2000)
approaches don't predict pollutant transport, but rather
provide indices that reflect the expected magnitude of
NPS pollution. The model results in these studies were
not compared to water quality data.

Better techniques than the Hamlett et al. (1992) and Choi
et al. (2000) watershed indices approaches are needed to
enable a user to examine the site-specific effects of manage-
ment practices, and nutrient and pesticide application date
and rate on nutrient and pesticide losses in runoff, to
sediment, and to shallow groundwater. The NAPRA was
developed by Natural Resources and Conservation Service
(NRCS) and the University of Massachusetts to evaluate
the complex environmental risks of pesticide use (Bagdon
et al., 1994).

The Web-based NAPRA approach (Engel and Manguerra,
1998; Engel and Lee, 1998) was developed to estimate
the site-specific effects of land use and management on
water quality with respect to pesticides. The nutrient com-
ponent of the GLEAMS was added to the NAPRA WWW
system to simulate the effects of agricultural management
on nutrient water quality (Lim, 1998; Lim and Engel,
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1998). Pesticide data from the GLEAMS User's Manual and
USDA database was incorporated in the NAPRA WWW
database to facilitate selection of valid pesticide names by
either trade name or common name (Lim and Engel,
1999; Lim and Engel, 2000). Pesticide properties, such as
water solubility, organic carbon partitioning coefficient
(Koc), half life, and washoff fraction, are extracted from
the database and used in the pesticide input parameter
file. The GLEAMS hydrologic/water quality model within
NAPRA WWW system requires numerous soil properties,
pesticide properties, and daily weather data. The soil
parameters were obtained from State Soil Geographic
Database (STATSGO) or National Soil Information System
(NASIS). Relevant soil parameters, such as porosity, field
capacity, wilting point, organic matter content, soil ero-
dibility, and sand, silt and clay content are extracted from
a relational database to create GLEAMS input parameter
files (Engel and Manguerra, 1998; Lim and Engel, 2003).

The overview of the NAPRA WWW system is shown
in Figure 1. The NAPRA WWW system uses the GLEAMS
model as the core model to estimate the effects of farm
management changes on surface and subsurface pesticide
water quality (Knisel and Davis, 1999). The pre- proce-
ssor in NAPRA WWW system constructs input files for
GLEAMS (Knisel and Davis, 1999) from user-provided
management, pesticide, and nutrient data in the input inter-
face, by querying databases and by running weather gene-
rator models. The main input interface of the NAPRA
WWW system, shown in Figure 2, can be divided into
four major categories: 1) field input, 2) management input,
3) pesticide input, and 4) nutrient input. Crop rotations
and multiple pesticide and nutrient applications for each
crop can be simulated. Once the input parameter files are
created, the GLEAMS is run with the input files and its
results are summarized in the form of graphical output
plots and GIS maps. These results are displayed in the
user's Web browser (Engel and Manguerra, 1998; Lim
and Engel, ‘2003). The NAPRA WWW approach is de-
signed to be easy to use and widely accessible through
the Internet.

Homes et al. (2001) used stream flow and herbicide
concentration data to develop and evaluate a method for
estimating comparative watershed contamination potential.
US. Geological Survey data for five relatively water
soluble herbicides were analyzed for 16 Indiana water
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to space limitation (Lim and Engel, 2003)
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sheds ranging in size from 45 km® to 4479 km’. Correla-
tion was assessed between observed herbicide losses and
an herbicide runoff index using GIS-based land use, soil
type, SCS curve number, tillage practice, herbicide use,
combinations of the factors, and NAPRA WWW predicted
herbicide losses. State average pesticide application rate
was used in the model runs, although all pesticides,
except atrazine, were applied to less than 50% of Indiana.
The results were generally poor because all watersheds
were assumed as agricultural areas and some pesticides
considered might not be applied to some of study water-
sheds. Thus, the predicted pesticide values were generally
higher than measured pesticide values. However, the corre-
lation between runoff curve number and the measured
pesticide was high, so the runoff curve number (CN) can
be used as a simple water-soluble herbicide contamination
susceptibility index (Homes et al., 2001).

[ll. Methodology

The potential of the nutrient enabled NAPRA WWW
system for identifying critical watersheds from nitrogen
and atrazine loss perspectives was evaluated by comparing
the NAPRA WWW predicted nitrogen and atrazine results
with observed water quality data. Eighteen watersheds
within Indiana were selected for nitrogen comparison and
six watersheds in the Indiana White River Basin were
selected for atrazine comparison (Figure 3). The boun-
daries of the study watersheds were delineated using 1:
250,000 DEM data from the USGS. The areas of the
study watersheds range from 11.50 km’ to 12,998 km’.
Land uses of the study watersheds are mainly cropland,
pasture, and forest based on the USGS land use/land
cover map. Slopes within the watersheds are generally flat
with average slopes less than 2% in most of the water-
sheds. Nitrogen and atrazine water quality data were obtai-
ned from USGS for the study watersheds in the Indiana.

Indiana Agricultural Statistics data (http://www.nass.usda.
gov/in/index.htm) were used to assess the total nitrogen
fertilizer applied within each county/watershed and animal
waste production from beef cows, milk cows, hogs, chic-
kens, and turkeys for each county. These values were com-
piled for each county and estimated for each watershed
using the area-weighted average of the percentage of the
watershed within the county.
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Figure. 3. Eighteen nutrient evaluation watersheds, six pes-
ticide evaluation watersheds, and water quality
monitoring stations for each watershed.

The simulations were completed for com and soybeans,
and the total nitrogen losses were computed based on the
relative area percentage of com and soybeans in the counties
within watersheds. The area of corn and soybeans planted
for each county were obtained from the Indiana Agricul-
tural Statistics Service (http://www.nass.usda.gov/in/index.
htm). Corn and soybean percentages assigned to each water-
shed were estimated based on the percentage of each
county within each watershed. The percentages of corn
and soybeans planted in each watershed were multiplied
by NAPRA WWW vpredicted outputs for each crop to
obtain estimated watershed nitrogen losses for, comparison
with the observed data.

State average atrazine application rate was obtained
from the Indiana Agricultural Statistics Service 1998-1999
Report, and the NAPRA WWW system was run with the
state average atrazine application rate, average planting
date, average harvest date, the assumption that 35% of
the surface was covered with crop residue at the time of
pesticide application and “Fall Chisel/Spring Disk” tillage.
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The area of subsurface drainage systems for each county
(1.5%-53.8%) was obtained from the Census of Agricul-
ture (U.S. Bureau of the Census, 1974). The percentages
of drainage systems for each study watershed were com-
puted on an area-weighted basis using the portion of each
county in each watershed. These percentages of drainage
system were used to estimate the portion of nitrogen and
atrazine leached below the root zone that is likely to be
intercepted by subsurface drains. Nitrogen and atrazine
leached below the root zone multiplied by the drainage
system percentage were assumed to move to surface water.
Predicted nitrogen and atrazine losses in runoff plus nitro-
gen and atrazine leached below the root zone multiplied
by the drainage system percentages were compared with

the observed nitrogen and atrazine loss data.

1. Model Runs

The NAPRA WWW runs with state average nitrogen
and atrazine application rates were completed on the study
watersheds. Fertilizer in the form of 16-20-0 and anhyd-
rous ammonia was applied on April 25 for corn. Fertilizer
was applied on May 5 for soybeans. Atrazine was applied
at 1.50 kg/ha for com at the planting time. For corn, the
planting date was May 5, maturity date was September
15, and harvest date was October 1. For soybeans, the
planting date was May 15, maturity date was September
1, and harvest date was September 20. It was assumed
that the crop remained the same over the simulation
period (e.g. continuous com and continuous soybeans).
Overall simulated results were obtained by multiplying
predicted results by their area percentages of comn and
soybeans in the watershed, then summing. For the com-
parison of the NAPRA predicted results with the observed
data, the predicted values in runoff and the shallow ground-
water were summed after multiplying the predicted values
leached by the drainage system area percentage in that
watershed.

The NAPRA WWW simulation of the entire Indiana
was conducted to obtain maps of nitrate and atrazine losses.
Corn and soybeans were simulated for the entire Indiana
using the state average fertilizer application and animal
waste data. The NAPRA WWW was run based on the
STATSGO soil and weather combinations, and its output
was reported for all components of each of these com-

binations. The NAPRA WWW was run for the continuous
corn with the state average atrazine application data. The
average nitrate and atrazine loss values were computed for
each STATSGO unit and weather station combination and
converted to database files. Annual average nitrate and atra-
zine concentration in runoff maps were generated to
examine the impacts of com and soybean cropping on
Indiana surface quality. These maps can be used to iden-

tify the areas vulnerable to the nitrate and atrazine losses.

2. Assumptions of the NAPRA WWW Nutrient Sys-
tem Approach

Many assumptions are made in NAPRA WWW runs.
Management practices, such as nutrient application date,
application method, application type, application rate, ground
disturbing event dates, ground disturbing event types, and
USLE C factors are assumed to be the same each year
for the 30-50 year simulation period.

Many GLEAMS defaults are used for the crop, animal
waste, and tillage data because databases related to these
are incorporated into GLEAMS. Total nitrogen, nitrate-
nitrogen concentrations, total phosphorus, and labile phosphorus
concentrations in soil horizons were assumed constant for
all of Indiana. These values quickly stabilize for long-term
simulations such as those completed in NAPRA WWW,
and thus have little effect on the results (Lim, 2001).

The state average atrazine application rate was used.
According to a report by the Indiana Agricultural Sta-
tistics Service, 1998-1999, atrazine was applied to 86.5%
of com in Indiana. This indicates that atrazine may be
applied to only a portion of the com in the study water-
sheds. The cropping-managément system is assumed the
same for the entire area, and only soil parameters and
weather vary. In this study, point source nutrient and
pesticide values were ignored. Nutrient and pesticide appli-
cations were also assumed uniform over the county/
watershed of interest during the simulation period.

IV. Results and Discussion

1. Nitrogen Loss Results

Predicted short-term and long-term nitrogen losses were
compared with the observed watershed data. A comparison
of the short-term NAPRA WWW predicted nitrogen loss
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data with the observed nitrogen data for the 18 study
watersheds are shown in Figure 4. Short-term predicted
results are the average loss for the period of observed
water quality data. The observed nitrogen concentration
data for the Clifty watershed and Lost River watershed
are much higher than observed data for other watersheds.
This might be caused by point source pollution in these
watersheds. Point source pollution is not considered by
the nutrient enabled NAPRA WWW system. Also there
may be the possibility of a relatively large amount of
nitrate contribution from baseflow in these watersheds
compared to the other study watersheds. Thus, SAS soft
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Figure. 4. Comparison of Short-Term predicted Nitrogen con-
centrations (ppm) vs. Observed Nitrogen Concen-
trations (ppm). Predicted values were computed
using State Average Fertilizer Application.

ware was used to detect possible outliers in measured
nitrate concentrations using studentized residual method
and Cook's Distance (Schlotzhaver and Little, 1987;
Weisberg, 1985). Studentized residual values and Cook's
Distance for these two watersheds were higher than those
of other watersheds. Thus, these two watersheds were
considered as possible outliers. Ignoring these two water-
sheds, R? between short-term predicted and observed data
is 0.51, while R® between long-term predicted and ob-
served data is 0.41. Short-term predicted and long-term
predicted nitrogen concentrations for the 18 study water-
sheds using state average fertilizer are shown in Figure 5.
Based on the results from Figures 4 and 5, the nutrient
enabled NAPRA WWW system has reasonable potential
for estimating nitrogen loss concentrations from watersheds.

2. Atrazine Loss Results

The NAPRA WWW predicted atrazine values in runoff
and observed data at water quality stations shown in
Figure 3 are provided in Figure 6. The NAPRA WWW
predicted atrazine losses in runoff are higher than mea-
sured data. This can be explained in that degradation
occurs when the pesticide travels from fields to the
watershed outlet, and dilution occurs due to runoff from
other land uses. Also, the date of pesticide application in
all - fields was assumed to be the same throughout the
NAPRA simulation period. The occurrence of rainfall
shortly after pesticide application may result in high loss
to surface water, because the sorption coefficient (Koc) of
atrazine is 100 mL/g, and it is primarily lost with surface

Nitrogen Concentration (ppm)

|m0bserved Nitrogen Conc. B Short-Term Predicted Nitrogen Conc. LlLong-Term Predicted Nitrogen Conc. }

Figure. 5. Comparison of observed, Short-Term predicted, and Long-Term predicted Nitrogen Concentrations (ppm) in
runoff. Predicted values were computed using State Average Fertilizer Application.
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runoff (Fawcett et al., 1994; Lim, 2001). However, the R’
value between predicted atrazine concentration values and

the observed atrazine concentration values is 0.87.

3. Nutrient and Pesticide Loss Maps for Indiana

Maps of nitrate and atrazine losses in runoff were
created for the Indiana by running the nutrient enabled
NAPRA WWW system for regions of the state and
aggregating the results. The simulated annual nitrate
concentration in runoff for Indiana considering state ave-
rage fertilizer application is shown in Figure 7. The nit-
rate concentration classes are based on equal area classi-
fication in the data. The cropping management system
used is described previously. Based on these results, the
northwestern portion of the state is expected to have the
greatest nitrate loss in runoff. Annual simulated atrazine
concentration in runoff with statc average atrazine appli-
cation is shown in Figure 8. The northern portion of In-
diana is expected to have the greatest atrazine losses in
runoff. The spatial variations in the predicted nitrate con-
centration and atrazine concentration in runoff (Figures 7
and 8) were due to the difference in soil properties and
climate. The spatial variations are somewhat similar because
nitrate and atrazine are both highly water-soluble and
easily move with runoff. To examine the pesticide detec-
tion in the northeast region of the Indiana, samples were
taken from 1996 to 1999 and analyzed to examine the tem-
poral and spatial distribution of pesticide (Wartenberg and
Isiorho, 2001). Pesticide contamination, especially atrazine
contamination, is severe in this region. These results coin-
cide with the NAPRA predicted atrazine concentration values
in runoff as shown in Figure 8.

Advantages of the NAPRA WWW Nutrient Approach

The nutrient enabled NAPRA WWW system approach
can be efficiently used to assess how different manage-
ment practices’ can improve water quality, and it can also
be used to find critical watersheds or areas with respect
to nitrogen and atrazine losses. There are several advan-
tages of the NAPRA WWW nutrient system compared to
the watershed ranking approach of Hamlett et al. (1992)
and Choi et al. (2000). The NAPRA WWW approach
considers site-specific weather, soil data, management prac-
tices, application rates of fertilizer/manure and other site-
specific data. In doing so, it is able to deal with uncer-

QObserved Atrazine Concentration (ppb)

0
o] 1 2 3 4 5
Predicted Atrazine Concentration {ppb)

Figure. 6. Comparison of NAPRA WWW predicted atra-
zine concentrations and observed atrazine con-
centrations in runoff.
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Figure. 7. Annual average NO; concentration in runoff
for corn-soybean rotations in cropped areas.
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Figure. 8. Annual average atrazine concentration in runoff
for continuous corn in cropped areas.

tainty resulting from spatial variability and variations in
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weather. In addition, the effects of management changes
can also be simulated using the nutrient enabled NAPRA
WWW system.

The NAPRA WWW system offers several other advan-
tages in its implementation compared to more traditional
methods used within decision support systems (Engel and
Lee, 1998; Lim and Engel, 1998; Lim and Engel, 2003).
1) It can be accessed from any location through a WWW
browser; 2) Databases and GIS data provide model inputs
greatly simplifying use of the system; 3) All model users
access the same version of model because it is maintained
at a single location; 4) Computationally intensive aspects
of the system (County/Watershed version of the NAPRA
WWW system) are run on a more powerful computer than
available to most model users, 5) The predicted values
are interpreted in tabular and graphical format, making it
easier for users to understand the results quickly.

V. Conclusions

Eighteen watersheds were used for evaluation of the
NAPRA system's potential to predict watershed level
nitrogen losses. The comparison of the predicted nitrogen
concentration data with the observed data showed the
NAPRA WWW predicted similar nitrogen losses as obser-
ved data in many cases. The R’ between the predicted
nitrogen loss concentration and the observed data was
0.51 when the state average fertilizer values were used.
The NAPRA WWW system was run for six watersheds
in the Indiana White River basin. The R? value between
the predicted atrazine and observed atrazine concentration
is 0.87, although the predicted atrazine values were higher
than observed data due to limitations in NAPRA model
runs.

To identify critical areas from nitrate and atrazine loss
perspectives in Indiana, nitrate and atrazine loss to runoff
maps were generated. The NAPRA WWW estimates the
greatest nitrate losses in runoff to occur in the north-
western portion of Indiana. The atrazine concentration in
runoff showed similar patterns. The nutrient enabled NAPRA
WWW  system shows promise for identifying critical
watersheds from nitrogen and atrazine loss perspectives.

Although the data for the NAPRA WWW runs are
available for only 48 states in the US, it can be also
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used in other countries with minimum data preparation.
To run the NAPRA WWW system for other countries,
such as Korea, local weather data and soil properties are
needed. However, these data needs to be uploaded to the
NAPRA WWW server for Web-based n.lodeling. Thus, the
work is underway to enable users to upload the local GIS
soil map with weather data to the NAPRA WWW server
for this purpose since the rest of input data for the
NAPRA WWW cab be queried from the NAPRA WWW
database. The prototype version of the Web GIS-based
NAPRA WWW system is available at http:/pasture.ecn.
purdue.edu/~napra/.
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