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Application of the Soil and Water
Assessment Tool and Annualized
Agricultural Non-Point Source models in
the St. Joseph River watershed
G.C. Heathman, D.C. Flanagan, M. Larose, and B.W. Zuercher

Abstract: This study evaluated the performance of two water quality models in accor-
dance to specific tasks designated in the USI)A Agricultural Research Service Conservation
Effects Assessment Project. The Soil and Witer Assessment Thol (SWAT) and the Annualized
Agricultural Non-Point Source (AzinAGNPS) models were applied uncalibrated to the Cedar
Creek watershed within the St. Joseph River watershed in northeastern Indiana to predict
streamfiow and atrazine losses. In order to ultimately assess the benefits of conservation prac-
tices in agricultural watersheds (which is one of the major goals of the Conservation Effects
Assessment Project), proper application of the SWAT and AnnAGNPS models is essential
including baseline comparisons made in an uncalibrated mode aimed at eliminating bias due
to parameter optimization. Streaniflow prediction results show that SWAT model performance
was superior to AnnAGNPS, with SWAT model efficienc y values ranging from 0.66 to 0.25
and AnnAGNPS model efficiency values ranging from 0.13 to -2.06 for monthly and annual
streamflos; respectively. For uncalibrated conditions, neither model was able to adequately
simulate atrazine loss concentrations. Overall results suggest that for Conservation Effects
Assessment Project modeling applications at the Cedar Creek watershed scale in this study,
the use of the SWAT model would be preferable to AnmiAGNPS in ternis of overall model
performance and model support technology (e.g., model interface and documentation).

Key words: Annualized Agricultural Non-Point Source (AnnAGNPS)—atrazine---
Conservation Effects Assessment Project (CEAP)—hydrologic modeling—Soil and Water
Assessment ool (SWAT)—streamflow—water quality

The dynamic nature of soil-plant-atmo-
sphere processes, coupled with chang-
ing land use, different management
practices, variations in climate, and lim-
ited observational data are only a few of
the issues that must be considered in
understanding and assessing the impact
of conservation practices on water qual-
ity. Mathematical models are useful analy-
sis tools in providing a means of simulating
the complex nature of these interactions,
albeit through simplification in niost cases.
Watershed scale models that incorporate cli-
matic, soil, topographic, and land use char-
acteristics are capable of addressing multiple
issues related to water quality concerns and
environmental assessments. The Soil and
Water Ascsnrcnt Tool (SWAT) (Arnold et

al. 1993; Arnold and Fohrer 2005), and the
Annualized Agricultural Non-Point Source
(AnnAGNPS) model (Bingner and Tlieurer
21)05) are two notable models that have
been designated for use as assessment tools
iii the USDA Agricultural Research Service
(ARS) Conservation Effects Assessment
Project (CEAP).

As a result of the 2002 Farm Bill. CEAI
was initiated in 2003 as a USDA nationwide
program involving the cooperation of the
Natural Resources Conservation Service
(NRCS) and the USDA ARS to quantife
the environmental effects of soil conser-
vation practices oil quality (USDA
NRCS 2008a, _2008b) (Mausbach and
Dedrick 2004). The CEAI' is comprised of
t\V() iliamli components: J national asscsslnent

I
that provides model estimates of conserva-
tion benefits for annual reporting and a
watershed assessment component aimed it
quantifying the environmental benefits from
specific conservation practices at the water-
shed scale (Mausbach and Dedrick 2004).
Both the USDA NRCS and ARS have tasks
and responsibilities in each component of the
overall CEAP project. The USDA NRCS
has posted a detailed description of CEAI
and information oil of the project
watersheds (USDA NRCS 2008a, 2008b). In
this study, we report findings in regards to
the USDA ARS watershed assessment cons-
ponent of CLAP that may ultimately impact
the national assessment.

The five-year USDA ARS CEAI
Watershed Assessment Study (WAS) Project
Plan provides detailed descriptions of
research studies at 12 (later expanded to 14)
benchmark watersheds in the United States
(USDA ARS 2004). The five major objec-
tives of this USDA ARS portion of CEAP
are (1) develop a web-based database system
for archiving, retrieving and reporting data
Irons USDA ARS benchmark watershed
studies, (2) measure and quantify the effects
of conservation practices oil qual-
ity and other environmental parameters, (3)
validate water quality models and determine
their uncertainty at predictions of water qual-
ity parameters in the benchmark watersheds,
(4) develop and apply policy planning tools
including economic analyses to maximize
economic as well as environmental benefits
of conservation practices., and (5) develop
new water quality models that can be applied
in future regional assessments. Each of the 14
watersheds has a particular area of special
emphasis, due in part to watershed location
arid regional water quality issues. Thus, in
some watersheds the greatest water quality
concerns are related to sediment losses, in
others nutrients [e.g., nitrate-N (N) and/or
phosphate-P (P)] or pesticide losses domi-
nate (USDA ARS 2004).
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The St. Joseph River watershed (SJRW)
was designated in 2004 as one of the CEAP
benchmark watersheds because of existing
source water protection research studies in
watershed monitoring and modeling being
conducted by the USDA ARS National
Soil Erosion Research Laboratory in West
Lafayette, Indiana. Original research objec-
tives in the SJRW were focused on atrazine
herbicide losses (Flanagan et al. 2003);
however, as part of the WAS project plan
objective 2, new SJRW studies have focused
on field and subbasin nutrient/pesticide
water quality data collection in addition to
project level data management (USDA ARS
2004). Another important aspect of the WAS
project plan is to validate the accuracy of
water quality models used to conduct the
national assessment (objective 3). As part of
the first phase of watershed assessments, both
the SWAT and AnnAGNPS models are to
he utilized to conduct comparative evalua-
tions of environmental benefits associated
with different management practices (USDA
ARS 2004). In order to achieve the first
phase, it was imperative to initially evaluate
the performance of each model for estimat-
ing streamfiow based on comparable input
data sets and to apply both models without
calibration, thus eliminating any ambiguities
pertaining to the use of different optimized
model parameter values.

SWAT (Arnold et al. 1998; Arnold and
Führer 2005) is a river basin-scale model that
allows the user to divide a watershed into any
number of subbasins. The SWAT model can
sintulate and estimate pollution generation at
the source and subsequent movement Irons
the source area to the receiving water body,
providing flow and concentration histograms
at various points in the watershed and entry
points into the receiving water body. The
AnnAGNPS model (Theurer and Cronshey
1998; Hingri er andTheurer 2005; USDA ARS
2(106) was developed by the USDA ARS and
NRCS to predict sediment and chemical
delivery frontungaged agricultural water-
sheds tip to 300,000 ha (741,000 ac) (Bosch
et al. 200 1) The AnnAGNPS model is a con-
tinuous simulation, grid-based, batch-process
computer program where runoff, sediment,
nutrients and pesticides are routed Irons their
origins in upland grid cells through a chan-
nel network to the outlet of the watershed
(Bin( uer and Theurer 2005).

The SWAT model has been used exten-
sively within the United States, as well as

internationally to study streansflow, sediment
yields, and nutrient transport (Srinivasan et
al. 1997; FitzHugh and Mackay 2000; Spruill
et al. 2000; Arnold and Fohrer 2005; Borah
et al. 2006). Gassman et al. (2007) provides
an extensive review of the large number of
model applications, including evaluation
of SWAT hydrology (115 reported stud-
ies), sediment/suspended solids (28 reported
studies), and nutrient (N, P) loss (30
reported studies). However, only very lim-
ited pesticide simulation using SWAT has
been attempted, and Gassman et al. (2007)
reported just two studies with model pesti-
cide calibration/validation results available
in the literature (Du et al. 2006; Vasquez-
Amabile et al. 2006).

Du et al. (2006) evaluated the perfor-
mance of SWAT2000 and a version of the
model (SWAT-M) modified to better pre-
dict hydrology and pollutant loadings in
landscapes dominated by tile drainage and
pothole topography in the 5,130 ha (12,670
ac) Walnut Creek watershed in central Iowa.
Original SWAT2000 model predictions
were poor, especially for N and atrazine
herbicide losses with both having nega-
tive Nash-Sutcliffe (1970) model efficiency
(ENS) values. The SWAT-M modifications
to SWAT2000 included those described by
Du et al. (2005). as well as modifying the tile
drainage lag time and adding a second pes-
ticide degradation half-life (Du et al. 2006).
With the modificatioiss, predictions for
flow discharge, nitrate-N loss, and atrazine
loss were greatly improved. For the entire
Walnut Creek watershed, ENS values were
0.86/0.50 (calibrated/validated) for monthly
flow discharge, 0.85/0.67 for monthly
nitrate-N loads, and 0.50/0.53 for monthly
atrazine loads (Du et al. 20.

Vasquez_Amabile et al. (2006) applied
SWAT2000 to the 2,808 km2 (1.084 mi2)
SJRW in northeast Indiana, and examined
predictions of both streainflow and atrazme
discharges. The model was able to satisfiic-
torily predict streanstlow discharge us both
calibration and validation periods using US
Geological Survey (USGS) data at four gaug-
ing stations from 1989 to 2002 (ENS values
ranged from 0.64 to ((.74 ill the monthly
streamilow validation period). The SWAT
predictions for atrazine were evaluated at
11 locations within the basin, using data col-
lected by the St. Joseph River Watershed
Initiative (SJRWI) and the Ft. Wa yne water
treatment plant. The model adequately

approximated atrazu ie loss trends a though
individual storm and monthly predictions
sometimes had negative ENS values. The
predicted total mass of atrazine released to
the St. Joseph River for the period 2000
to 2003 was within approximately 5% of
the measured value, and the correct timing
of atrazine application in model inputs was
found to he critical in obtaining satisfactory
results (Vasquez-Aniabile et al. 2006).

Larose et al. (2007) reported satisfac-
tory results its application of a calibrated
SWAT2000 model to the 707 k 111 (274 mi2)
Cedar Creek watershed (CCW) in northeast
Indiana for both predicted monthly stream-
flow (ENS = 0.56) and atraztmse concentrations
(ENS = 0.43) during the validation phase.
Neitsch et al. (2002) also reported acceptable
results of flow and atrazine loss predictions
for the 242 kin' (93 nu') Sugar Creek water-
shed iii Indiana, with an E NS = 0.74 for daily
streamtlow (luring validation and r = 0.41
for predicted atrazine concentrations after
streainflow calibration.

In the literature, the AnnAGNPS model
has its general been used to a much lesser
degree than SWAT (mainly by research-
ers in the United States and Canada), and
there is a single thesis and no peer-reviewed
publications describing pesticide predic-
tion performance. Tagert (2006) performed
AnnAGNPS siissulations in the 13,200 ha
(32,600 ac) Upper Pearl River Basin to
validate pesticide loading of atrazine arid
metolachlor against measured grab sample
data.Ihe event-based results showed an r 2 of
0.095 for atrazine and ((.062 for issetolaclslor
when cousparing measured and simulated
concentrations. Although there was poor
correlation, it was concluded that much of
the error could he attributed to sampling
frequency of measured data and pesticide
application timing in the model inputs.

The AnisA( ; N PS Isydrologic, nutrient,
and sediment components have beeis docu-
msiented to a somewhat greater extent (Yuan
et al. 2001; Ilagiuska et al. 2003; Suttles et
al. 2003; Yuan et al. 2003; Das et al. 2007;
Sadeghi et al. 2007) Yuan et al. (2001) evalu-
ated the model on the 82 ha (203 ac) Deep
Hollow watershed in Mississippi and foumid
acceptable prediction of runoff and sediment
for three years of field observations (2 =

0.90 and 0.50 for daily streatsitlow discharge
and sediment loss, respectively). Baginska
et al. (2003) evaluated AtsnAGNPS perfor-
mance on a 255-Isa (630-ac) watershed near
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(a)

(c) AnnAGMb routing

Figure i
(a) Cedar Creek watershed stream network, weather station, and US Geological Survey gauging
station within the St. Joseph River Basin; and Cedar Creek watershed flow routing for (b) SWAT
and (c) AnnAGNPS.

Sydney, Australia. and obtained good results
for event-based runoff and monthly pre-
dictions for streamfiow and nutrient (N, P)
losses. Suttles et al. (2003) conducted siniu-
lations with AnnAGNI'S in the 333 km2
(129 nsi 2) Little River Research watershed in
south central Georgia to examine sediment
and nutrient loads. They found that aver-
age annual rLinoff, sedinient, and nutrient
loads were underpredicted by 37% to 58%
in the upper part of the watershed. In the
lower part of the watershed, predicted runoff
was close to the observed, but sediiisent and
nutrients were overestimated by up to a fac-
tor of 16.7 of the observed.Yuan et al. (2003)
describe application of AnnAGNPS to the
Deep Hollow watershed in Mississippi to
evaluate N loadings and reported that overall
predicted N losses were not statistically dif-
ferent from observed.

A few studies in the literature present
results for concurrent evaluation of both
SWAT and AnnAGNPS. In Ontario, Das et
al. (2007) compared the performance of the
models for prediction of runoff and sedinient
loss from the Canagagigue Creek watershed.
AnnAGNPS had E\5 values of 0.79 and 0.69
for monthly runoff predictions in the cali-
bration and validation periods, respectively
(SWAT values were 0.70 and 0.57). For
monthly sediment losses., AnnAGNPS E\5
values were 0.53 and 0.35 for the calibration
and validation periods, respectively (SWAT
values were 0.41 and 0.24). Sadeghi et al.
(2007) also compared results from the SWAT
and AnnAGNPS itiodels for the 1,036 km2
(400 1i 2) Choptank River watershed in
Maryland. AnnAGNPS better predicted
streanifiow (E.55 = 0.49) than SWAT (E\.0
= -0.28). Neither model performed well for
nitrate-N loss prediction (AimAGNPS E\5
= 0.13;SWAT ENs -1.61).

The primary motivation for this research
was to accomplish specific tasks outlined in
the WAS project plan, including portions of
tasks 3.2.4 and 3.3.2a under objective 3.The
goal of task 3.2.4 is to 'compare SWAT and
AnnAGNPS models to identify the range of
iniplenienstation subwatersheds over which
the models provide comparable results."
and the goal of task 3.3.2a is to "complete
model scenario runs using uncalibrated
model default parameter sets" (USDA ARS
2004). The specific objective of this study
was to test the accuracy and applicability
of the SWAT2005 and AnnAGNPS models
for estimating streamfiow and atrazine loss

Michigan

Indiana
Ohio

(b) SWAT routing

in the CCW in northeastern Indiana. The
CCW is within the SJRW and is the larg-
est tributary of the St. Joseph River, which
supplies drinking water for approximately
250,000 people (SJRWI 2004) in the city
of Fort Wayne, Indiana. Concentrations of
atrazine (3.7 to 10.0 jig L-' [ppb]) exceeding
the safe drinking water standard (3.0 ag L I)

were found in the tap water of Fort Wayne
in 1995 (Environmental Working Group
1995). Costl y treatment of the intake Source
water and/or reduction of atrazine trails-
port to the source water is required if the
safe drinking water standard for atrazine is
to be met. Approximately 76% of the SJRW
is under extensive corn production, and it is
believed that most of the pesticide found in
streams comes from agricultural areas within
the watershed due to corn production. Thus,
effective watershed management requires a
comprehensive understanding of hydrologic
and chemical processes within the water-
shed as well as the application of simulation
models for assessing the effects of various
management practices on water quality at
the watershed scale.

The study is unique in that there are to our
knowledge no peer-reviewed journal articles

w gauge

Legend
• NCDC weather station
* USGS gauge-SWAT outlet
-Streams

630	6	12	18
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that present this particular type of model
comparison and evaluation at the watershed
scale. Since both models were designed to
be applied to ungaged watersheds, the study
also considers possible sources of error and
uncertainty associated with these estimates
based on non-calibrated model parameters,
model configuration, and input data sets.

MateriaLs and Methods
Study Area. The CCW is located within
the SJRW in northeastern Indiana
(41 1 04'48" to 41°5624" N and 84'52'12"
to 85°19'48"w). The watershed drains two
11-digit hydrologic unit code watersheds,
the Upper (0411)00(13080) and Lower Cedar
(04100003090), covering approximately an
area of 708 km2 (273 mi 2) (figure 1). The
topography of the watershed varies front
rolling hills in Noble County to nearly level
plains in DeKalb and Allen Counties with
a maximum altitude above sea level of 326
in (1,046 ft) and average land surfisce slope
of 3%. Soil types on the watershed were
formed from compacted glacial till and
fluvial materials. The predominate soil tex-
tures in the inmiediate Cedar Creek are silt
loam, silty clay loam, and clay loam. The

Notes: SWAT Soil and Water Assessment Tool. AnnAGNPS = Annualized Agricultural Non-Point
Source model.
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majority of the Sc)!! Survey Geographic
(SSURGO) database soils along Cedar Creek
are the Morley-Blount and Eel-Martinsville-
Genesee associations. The Morley-Blount
association usually occurs on the uplands
and indicates deep, moderately to poorly
drained, nearly level to steep, medium-tex-
tured soils. The Eel-Martinsville-Genesee
association consists of deep, moderately well
drained, nearly level, and medium to mod-
erately tine-textured soils oil bottom lands
and stream terraces (SJRWI 2004).The aver-
age annual precipitation in the watershed is
approximately 900 mm (35 in). The average
temperature during crop growth seasons
ranges troni 10 0 C to 23°C (50 0 F to 73.4°F).
Approximately 44% of the watershed area is
agriculture 36% is pasture lands including
Conservation Reserve Program. 12% is for-
ested lands, and 2% is urban (USI )A National
Agricultural Statistics Service INASSI 2001).
The majority of the agricultural lands are
rotationally tilled predominantly with corn
and soybeans, with lesser amounts of wheat
and hay.

S WAT2005 Hydrology and Pesticide
Overview. The SWAT model was developed
to simulate the hydrologic response of  large
watershed with numerous suhwaterslieds.
It is a spatially distributed, physically based
hydrological model, and can operate oil
daily as well as all time step for long-
tern) simulation up to 100 years.The SWAT
model is a modification of the Simulator for
Water Resources in Rural Basins (SWRRI3)
model that incorporates a new routing
structure, flexibility in watershed configura-
tion, irrigation water transfer, a lateral flow
component, and a ground water component
(Arnold et al. 1993).The SWAT model also
incorporates shallow ground water flow,
reach routing transmission losses, sediment
transport, chemical transport, and transforma-
tions through streams, ponds, and reservoirs.
The main purpose of the SWAT model is
to predict the effect of different manage-
merit practices oil sediment, and
agricultural chemical yields in large ungaged
watersheds (Arnold et al. 1998: Arnold and
Fohrer 2005).

Hydrologic processes simulated by the
model include evapotranspiration (ET),
infiltration, percolation losses, surface run-
off, lateral shallow aquifer flow, and deep
aquifer flow. The iiiiiiiniiiiii weather inputs
required by the model are rnaximnuni and
minimum air temperature and precipitation.

The hydrologic cycle as simulated by SWAT
for the land phase is based oil water
balance equation:

(1)

where SW , is the final soil water content
(mm 11 1 0), SW is the sod water content
oil 	i (nmi l-T 10), i is time (days). R, is
the amnouiit of precipitation oil i (mm
H,0), Q, is the amount of surface runoff on
day i (mm Il lE)), E is the amount of evapo-
transpiration oil 	i (mm 1-1 10), iv is the
amount of water entering the vadose zone
from the soil profile oil 	i (mmii H 10), and
Q is the amount of return flow oil 	i
(mm 1-110).

The Soil Conservation Service runoff
curve number (SCS CN) (USDA SCS 1986)
Inethod or Green and Ampt (1911) infiltra-
tion model is used to estimate surface runoff
from precipitation. While the Green-Aiiipt
method needs sub-dail y rainfall data, the SCS
C N is adjusted according to moisture condi-
tion in the watershed. Evapotranspiration in
SWAT is calculated b y the Priestly-Taylor
(Priestly and Taylor 1972). Penman-Monteith
(Monteith 1965), or Hargreaves methods
(Hargreaves et al. 1985). Daily average soil
temperature is simulated as  function of
the maximum and minimum daily air teni-
peratures, surface teuiperawrc .and damping
depth (Saleh et al. 200(f).

The SWAT model rues algorithms from
the GLEAMS (Ground water Loading
Effects on Agricultural Management Systems)
model (Leonard et al. 1987) to simulate pes-
ticide movement and fate in land areas. The
process is divided into three components: (1)
pesticide processes in land areas. (2) transport
of pesticide from land areas to the stream
network, and (3) in-stream pesticide pro-
cesses. Algorithms governing movement of
soluble and sorbed forms of pesticide from
land areas to the stream network were taken
froni the Environmental Policy Integrated
Climate (EPIC) model (Williams et al.
1984). The SWAT model incorporates a
simple mass-balance method developed by
Chapra (1997) to model the transforniation
and transport of pesticides in streams. The
model assunaes a well-mixed layer of water
overlying a homogenous sediment layer.
Only one pesticide call routed through
the stream network in a given simulation
(Neitsch et al. 20801). The partitioning of
pesticide between the solution and soil

phase and extraction into runoff is based on
algorithms in the GLEAMS model for both
SWAT and AnnAGNPS according to the
equation:

C
(2)

where K1 . is the soil adsorption (nag kg-'),
is the concentration of pesticide sorbed

to the solid phase (mg chemical	solid
material), and C is the concentration of
pesticide in solution (nig chemical U' solu-
tion). In SWAT, pesticide in the soluble
phase may be transported with surface run-
oft as a function of time. concentration, and
amount of flow accordin g to the equation:

di 
= 0.)) I . V,/,il, (3)

where psi is the amount of pesticide in the
soil layer (kg ha'), Ci is the concentra-
tion of pesticide in solution (nig chemical L-'
solution), and 11 1 is the amount of mobile
water on a given day (mm ITO).

AnnAGNPS 3.3 Hydrology and Pesticide
Overview. The AnriAGNPS model (USDA
ARS 2006) is based upon the single storm
AGNI'S model (Young et al. 1989) and
was created by a team of USDA ARS and
NRCS scientists starting in the early 1990s.
Model development focused oil

 sediment and chemical transport in
ungaged predominately agricultural water-
sheds (Bingner and Theurer 2005). The
AnnAGNPS model provides simulations for
hydrology, sediment, pesticide, and nutrient
transport. The climatic data requirements for
AnuAGNPS include daily rnaxinnuni and
minimum temperature, precipitation, aver-
age daily dew point temperature and wind
speed, and sky cover (Binigner and Theurer
2005). The AnnAGNPS model incorpo-
rates the Generation of weather Elements
for Multiple applications climate generation
model (USDA NRCS _1 005), which produces
daily precipitation, maximum and minimum
temperature, and solar radiation. III

users also have the option to input measured
climate data.

The AnnAGNPS model's hydrology is
based oil simple bookkeeping of inputs and
outputs of water during the daily time steps
(Bingner and Theurer 2005) . The hydrologic
processes simulated in the model include
interception evaporation, surface runoff,
amid ET. Recent enhancements to the model
have included simulation of subsurface
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lateral flow and subsurface drainge (Yuan et
al. 2006). In AnnAGNPS, runoff is predicted
using the SCS CN technique (USDA SCS
1986). The soil moisture balance is calcu-
lated on a sub-daily time step using a simple
constant-time step procedure for both the
tillage and below tillage composite soil layers
(Bingiier and Theurer 2005):

lil-Q-PERC-ET-Q1-Qf	4sM,	so, +	 ''	' '	 (4)
Z

where S 11 is the moisture content for each
soil layer at the beginning of the time period
(fraction); su is the moisture content
for each soil layer at the end of the period
(fraction); WI is water input, consisting
of precipitation or snownielt plus irriga-
tion water (nnn); Q is surface runoff (nun);
PERC , is percolation of water out of each
soil layer (mm): E7 is potential evapotrans_
piration (mm); Q,, is the subsurface lateral
flow (mm): Q, is tile drainage flow (mm);
Z is thickness for soil layer (mm); and t is the
time period.

The AmmAGNPS model simulates the
transport and flute of pesticides using a
modified version of the GLEAMS pesticide
component (Bingner and Theurer 2005).
A pesticide mass balance in each cell is
performed daily and accounts for materials
applied to a field, foliage svasli-off transport
in the soil profile, degradation, and soluble
and sediment adsorbed material that moves
in surface runoff (Bosch et al. 2001; Bingner
and Theurer 2005). Pesticide available for
loss in runoff is based on the equation:

C ,B = C +CB.	 (5)

where C,, is the available pesticide con-
centration(mg L'). B is the soil mass per
unit volume of overland flow (kg L-'), C
is the pesticide concentration in solution
(mg L'), and C, is pesticide concentration
in the soil or solid phase (nig kg-'). More
detailed information rcgardingpesticide trans-
port equations for SWAT or AnnAGNPS is
available in Neitsch et al. (2( ) 1) or Leonard
ci al. (1987), respectively.

SWAT2005	and	AnnAGNPS
Initialization and Common Data Sets. A
warm-up period for SWAT is recommended
to initialize and approach reasonable start-
ing values for model variables. Mamillapalli
(1998) used a five-year warm-up period to
minimize SWAT96.2 model initialization
problems.Tolson and Shoemaker (2004) used

a two-year warns-up period for SWAT2000
in order to provide reasonable initial channel
sediment levels. In a SWAT2000 sensitiv-
ity analysis by White and Chaubey (2005),
initial values were established b y simulat-
ing a three-year period, allowing the model
to stabilize during the first three years and
considering the fourth year to he repre-
sentative of conditions in the watershed.
In our study, a three-year warm-up period
was used for SWAT and AnnAGNPS model
simulations. Unfortunately, there is no docu-
mentation regarding AnnAGNPS warm-up
periods; however, the three-year period in
this study was considered sufficient based
on AnnAGNPS developer recommendation
(R.L. Bingner, personal communication).

In order to compare SWAT and
AnnAGNPS, it was essential to utilize the
same data sets whenever possible. For both
models, a Digital Elevation Model (DEM)
was obtained from the USGS at a resolu-
tion of 1/3 arc-second with an elevation
resolution of ± 7ni (23 ft) to delineate the
subwatershed slopes, stream network, and
the watershed and subbasin boundaries
(figure 1). The DEM was projected to
Universal Transverse Mercator N AD83,
Zone 16 for the state of Indiana. The
St. Joseph Watershed Initiative sampling site
100 is co-located with the USCS stream-
flow gauge station (figure 1 a), thus the same
delineation was used for boils streaniflow
and atrazine concentration. Daily historical
precipitation and maxiniun and minimum
air temperatures from 1989 to 2005 were
obtained froni the National Oceanographic
and Atmospheric Administration National
ClimateData Center(National Oceanographic
and Atmospheric Administration National
Climate Data Center 2004) for the Garrett
meteorological station located within the
watershed (figure 1).

Historical measured data for streamfiow
and atrazine concentration from the USGS
and the SJRWI, respectively, were used to
conduct the simulation process. Both the
SWAT and AnnAGNPS models were run
for 1989 to 2005 using measured streanifiow
data from Cedar Creek Gauge 04180000
(41 0 1308 N, 85°04'35" W) Cedarville,
Indiana. Simulated atrazine values were ana-
lyzed froni 1996 to 2004 using measured
values from SJRWI Site 100 (4101308
N, 85°04'37' W) located at the outlet of
the watershed. While flow data was avail-
able year-round, atrazine measurements

were only taken at SJRWI Site 100 during
the months of April through September.
Furthermore, the measured atrazine data
was obtained from single grab samples taken
during storni runoff events, which is a fairly
coarse measurement. Both the nieasured
flow data from the USGS and SWAT simu-
lation flow output are composed of baseflow
and streaniflow. Bascflow is the groundwa-
ter contribution to streamflov, which had
to be separated out so that measured surface
flow can be compared to simulated val-
ues. Therefore, the baseflow filter program
(Arnold andAllen 1999) was used to separate
streamfiow from baseflow in SWAT and the
USGS measured streansfiow data. Flow data
from AnnAGNPS does not have a hasefiosv
contribution.

The SSURGO database spatial data
(USDA NRCS 2004) was utilized to deter-
mine the predominant soil in each hydrologic
response unit (FIRU) for SWAT and each
cell for AnnAGNPS (figure 2 and table 1).
As a point of clarification, for AnriAGNPS
the watershed was delineated into 498 cells
with each cell representing a subbasin. In
SWAT, the watershed was delineated into
498 HRUs with each HRU represent-
ing a subbasin. Thus, both models have the
same number of subbasins. The SSURGO
spatial data consists of county-level maps,
nietadata, and tables which define the pro-
portionate extent of the component soils
and their properties for each map unit. For
the counties intersecting the watershed, the
SSURGO soil database is at a map-scale
of 1:12,000, and was created primarily for
farm, landowner, township, or county nat-
ural resource planning and management.
Forty-five soil SSUR.GO series• arc present
in the CCW with Blount being dominant
(25% of the watershed), followed b y Morley
(16%), Pewaino (16%), and Glynwood (10%).
Although the soils within the CCW are
considered highly productive, the niajoruty
are comprised of slowly permeable glacial till
material that require agricultural producers
to use artificial drainage (Smith and Pappas
2007). Approximately 80% to 90% of the
cropland in DeKaIb County is tile-drained
(DeKalh County Department of Watershed
Management 2008). Thus, tile drainage was
specified iii both models for cropland areas in
the watershed and held constant throughout
the simulation with no optimization.

A description of land use in the CCW
was determined from the USDA NASS
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(a)

1
Figure 2
SSURGO geographic information system soil map layer for (a) SWAT hydrologic response units
and (b) AnnAGNPS subbasins within the Cedar Creek watershed.

Predominant soils used
in SWAT and AnnAGNPS
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Martisco
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LIII.] Water
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(1111111 Whitaker
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km

Notes: SSURGO = Soil Survey Geographic database. SWAT = Soil and Water Assessment Tool.
AnnAGNPS = Annualized Agricultural Non-Point Source model.

(2001) Indiana Cropland Data Layer for
SWAT and AnnAGNPS (figure 3 and
table 2). This land use is a raster, geo-ref-
erenced, categorized land cover data layer
produced using satellite imagery from
the Theniatic Mapper instrument on
Landsat 5 and the Enhanced Thematic
Mapper on Landsat 7.The imagery was col-
lected between the dates of April 29, 2001
and September 5, 2001. The approximate
scale is 1:11111.000 with a ground resolution
of 30 ni by 30 in (98.4 ft by 98.4 ft).As listed
in table 2, the major percentages of NASS
2001 land use for SWAT and AnnAGNPS,
respectively are 18.8% and 17.49% for corn,
27.25% and 24.47% for soybeans, 40.92%
and 43.36% for pasture, and 10.57% and
8.79% for forests. For both models, the initial
value for the SCS CN corresponding to each
soil group and land use for each manage-
ment practice was obtained froni Technical
Release 55 (USDA SCS 1986).

Conservation tillage has been widely
adopted in the watershed. In DeKaIb County,
28% of all corn and 82% of all soybeans
planted in 2004 were under a no-till sys-
teni (Indiana Conservation Tillage Reports
21)04). The tillage practices in Noble and
Allen counties differed only slightly Irons that
in DeKalb COLIMY. 1-lowever. the Noble and
Allen County Soil and Water Conservation
District offices regard tillage in the Cedar
Creek portion of their county to be simi-
lar to that of neighboring DeKaIb County.
In general, all three counties exhibit similar
agricultural trends within the watershed. For
agricultural management data, area-specific
mlorn iatiOn OH SWAT and An)AGNPS
management input scenarios was in accor-
dance with the most current data available
as provided by the SJRWI, Soil and Water
Conservation Districts of Allen, DeKalb,
and Noble Counties. Indiana Agricultural
Statistics Service and Indiana Conservation
Tillage Reports. Table 3 shows the manage-
ment dates, operation types, and fertilizer and
pesticide types and amounts used for a typi-
cal two-year corn-soybean (the predonnnant
crops in the CCW) rotation. Corn and soy-
beans are usually planted between late April
and early May (Indiana Agricultural Statistics
Service 20(13). Nitrogen fertilizer is prnnar-
ily applied as anhydrous aniniorna to corn,
phosphorus is usually applied to corn and
soybeans in granular foriii blended in
Otis combinations with other nutrients, and
atrazine-based herbicides are widely used to
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TabLe 2
SWATand AnnAGNPS predominant land cover distribution in the Cedar Creek watershed based
on USDA NASS (2001) data.

SWAT	 AnnAGNPS
Land cover	 Area (km 2 )	Percent	Area (km 2 )	Percent

Corn	 130.24	18.80%	124.63	17.49%
Soybeans	 191.09	27.25%	174.32	24.47%
Pasture/farmstead	 283.52	40.92%	308.91	43.36%
Fallow/Conservation Reserve Program	2.79	0.40%	9.90	1.39%
Forest	 73.23	10.57%	62.65	8.79%
Urban	 11.93	1.72%	11.73	1.65%
Water	 20.30	2.85%
Notes: SWAT = Soil and Water Assessment Tool. AnnAGNPS Annualized Agricultural Non-Point
Source model. NASS = National Agricultural Statistics Service.

Table i
SWAT and AnnAGNPS predominant soil types in the Cedar Creek watershed based on S5URGO data.

SWAT	 AnnAGNPS
SSURGO soil series	Texture	Hydrologic group	Area (km 2 )	Percent	Area (km 2 )	Percent

Blount	 SIL-SIC-SICL	C	 268.94	38.82%	268.36	37.677
Boyer	 LS-L-GR-S	B	 5.52	 0.8%	 8.06	1.13%
Glynwood	 SIL-C-CL	C	 102.22	14.75%	130.19	18.27%
Miami	 SIL-CL-L	B	 16.88	 2.44%	 9.54	1.34%
Morley	 SIL-CL-SICL	C	 171.44	24.75%	139.56	19.59%
Pewamo	 SIL-SIC-CL	C	 18.65	 2.69%	42.74	5.99%
Rawson	 SL-SLC-SIC	B	 16.06	 2.32%	19.53	2.74%
Rensselaer	SILSCL-L-SIL	B	 8.48	 1.22%	 4.36	0.611%
Sebewa	 L-SCL-GR--S	B	 9.84	 1.42%	 4.25	0.60%
Strawn	 L-SICL-CL	B	 40.32	 5.82%	40.29	5.66%
Water	 NA	 NA	 NA	 NA	 20.30	2.857
Notes: SWAT = Soil and Water Assessment Tool. AnnAGNPS = Annualized Agricultural Non-Point Source model. SSURGO = Soil Survey Geographic
database. Only SSURGO soils with coverage greater than 1% of Cedar Creek watershed total area are shown. SIL = silt loam. SIC silty clay. SICL =
silty clay loam. [S = loamy sand. L = loam. GR = gravel. S = sand. C = clay. CL clay loam. SLC = silty loam clay. NA = not applicable.

control weeds ill corn and at-c surtiice applied
as a liquid solution (table 3). Glyphosate-tol-
eraiit corn hybrids are hcconnng increasingly
popular in the area so the anlonnt of atm-
zinc applied is being reduced over time. The
l)eKalb County Sot] and Water Conservation
District estimated that greater than 75% of
all soybeans planted iii the watershed are
glypbosate-toleraii t cultivars.

The titilnig. average rate, and number of
atrazine applications were determined based
oil seasonal progress of crop develop-
incur and firm activities for northeastern
Indiana reported by the NASS Agricultural
Chemical Database. Oil the NASS
reported 1.01 atrazinc applications per corn
grid cell over a seven-car period from 1996
to 2002 with a rate of 1.40 kg ha (1.311 lb
ac) for northeastern Indiana (USDA NASS
2004). For the CC\V. the tiniing of atrazine
application was modified to account for the
actual temporal application of pesticide in
the watershed. Applications before, during,
and after planting with ill equal to
the percentage of seasonal progress of crop
development vvere used (table 3). Table 4
lists the properties and parairieter values for
atraznle that were used as input for each
model.

SWAT2005 Inputs. The ArcView 3.3
SWAT20((5 GIS interface (DiLuzio et
a]. 2(101) was used for expediting SWAT
model input and output. to obtain the
proper stream path delineation. the Il-digit
USGS boundaries of the CCW (the Lipper
and lower Cedar) were used as-,i mask, and
the stream delineation from the National
l-lydrograpIi I )ata set was overlain oil

DEIVI and used to burn ill the location of
the streams ill the watershed. The AVSWAT-
X GIS nitcrihcc call either the US1 )A
NRCS STATSGO (from the 1:25(1,1)1)1) scale
underlvmg map) or the SSURGO (from the

12,111111 to 1:63)10)) scale underlying map)
geospatial Soil databases. For this study, the
SSURGO spatial data set was used as input
for soil types in the CCW.

Typically, HRUs are deterniined ill
by the unique combination of land use md
soils within each subbasin based oil thresh-
old values the user sets for soil and land use
(e.g.. Ii 1% and 1(1%). Thus, a subbasin may
have any number of Hl-',Us depending on
the threshold values. I lowever, for coin-
parative evaluation with AnnAGN PS ill
study, threshold values were not assigned
and 1-IRUs were determined 1w the donii-
nant soil type (figure 2) and land use (figure

3). Accordingly. for SWAT a stream thresh-
old nunimum value of 75 ha (185.3 ac) was
used to delineate 498 subbasins which, tor
this study, are synonymous with i-iRUs
(figure 2). This provided a means to derive
comparable soil, and land use GIS input data
sets for both models.

Due to the lack of nleasured data, SWAT
default values were used for those paranie-
tcrs affecting haseflow and groundwater, i.e.,
bascflow recession constant (ALPHA hF
0.05 days). delay tune for aquifer recharge
( GWJ)ELAY = 31 days), threshold water
level ill shallow aquifer for return flmw
to occur ((;WQMN = ((.0 nun), coeffi-
cient for controlling the niovemcnt of water
into the overlying unsaturated zone (GW
1..EVAP = 0.02), and threshold water level in
the shallow aquifer for movement of water
to the unsaturated zone or percolation to
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TabLe 3
SWAT and AnnAGNPS management input information for a typical two-year corn-soybean rotation in the Cedar Creek watershed.

Fertilizer	 Pesticide

Year	Month	 Day	Operation/crop	Implement	 (kg ha')	 (kg ha-')

No-till
1	 May	 3	Fertilizer	 Surface applied	95 (10-34-00)
1	 May	 3	Tillage	 No-till mixing
1	 May	 4	Corn
1	 May	 4	Pesticide	 1.5 (atrazine)
1	 May	 25	Fertilizer	 Injected	 145 (ANH-NH 3)

2	 April	 20	Fertilizer	 Surface applied	32 (Elemental P)
2	 May	 20	Tillage	 No-till mixing
2	 May	 20	Soybean
2	 June	 1	Pesticide	 0.7 (Roundup)
2	 October	 1	Harvest and kill

Conventional tillage
1	 April	 1	Tillage	 Spring plowing
1	 April	 15	Tillage	 Field cultivator
1	 May	 3	Fertilizer	 Surface applied	95 (10-34-00)
1	 May	 4	Corn
1	 May	 4	Pesticide	 1.5 (atrazlne)
1	 May	 25	Fertilizer	 Injected	 145 (ANH-NH,)
1	 October	 30	Harvest and kill
1	 November	1	Tillage	 Fall plowing
2	 April	 15	Tillage	 Tandem disk
2	 April	 20	Fertilizer	 Surface applied	32 (Elemental P(
2	 May	 20	Soybean
2	 June	 1	Pesticide	 0.7 (Roundup)
2	 September	20	Harvest and kill
Notes: SWAT = Soil and Water Assessment Tool. AnnAGNPS Annualized Agricultural Non-Point Source model. ANH-NH = anhydrous ammonia.

TabLe 4
List of SWAT and Annualized AnnAGNPS input parameter values critical for Cedar Creek watershed streamfiow and atrazine concentration prediction.

Soil
adsorption

Foliar	Soil	coefficient	Water
Land use	Hydrologic	SOL_AWC	SOL_K	 half-life	half-life	(mg kg-')	solubility

Model	and soil	soil group	CN	(mm mm- 1)	(mm h-')	PERCOP	WOF	AP_EF	(days)	(days)	(mg L-')-'	(mg L)

SWAT	USDA NASS 2001	A	55	0.36	186.8	0.5	0.45	0.75	5	60	100	33
SSURGO	B	72	0.14	57.6	0.5	0.45	0.75	5	60	100	33

C	80	0.16	32.3	0.5	0.45	0.75	5	60	100	33
I AnnAGNPS USDA NASS 2001	B	74	0.12	53.8	NA	0.45	NA	5	60	100	33

SSURGO	C	82	0.14	32.6	NA	0.45	NA	5	60	100	33
D	88	0.05	10.16	NA	0.45	NA	5	60	100	33

Notes: SWAT Soil and Water Assessment Tool. AnnAGNPS = Annualized Agricultural Non-Point Source model. CN curve number. SOL_AWC = soil
available water capacity. SQL_K = soil saturated hydraulic conductivity. PERCOP = coefficient for partitioning pesticide removal between percolate and
surface runoff. WOE = pesticide wash-off fraction. AP_EF = pesticide application efficiency. NASS = National Agricultural Statistics Service. SSURGO =
Soil Survey Geographic database. NA = not applicable.
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Figure 3
USDA NASS (2001) geographic information system land cover map layer for (a) SWAT hydrologic
response units and (b) AnnAGNPS subbasins within the Cedar Creek watershed.
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Notes: NASS = National Agricultural Statistics Service. SWAT = Soil and Water Assessment Tool
i AnnAGNPS = Annualized Agricultural Non-Point Source model. CRP = Conservation Reserve

rogra m.

the deep aquifer (REVAPMN = 1.0 mm).
Additionally, in SWAT, water entering tiles
is treated like lateral flow with the input
variables defined in the management (.nigt)
input files. Parameters describing tile drain-
age include the average depth of the tile drain
area (DDRAIN 90 mm), drainage time
after a rain for the soil to reach field capacity
(TI)RAIN = 48 hr), and the drain tile lag
time (GDRAIN = 2 hr). Table 4 lists other
properties and parameter values critical for
streaniflow and atrazine concentration pre-
diction that were used as input for SWAT.

The CCW data set was set up to run on
a daily time step for streaniflow and atra-
zinc concentration. The Peninan-Monteith
method was selected to compute ET in
order to captLire the effects of wind and rela-
tive hunndity. The SCS CN was used to
calculate surface runoff. The SWAT niodel
default values for SCS CN were used for
the land inanagenient of forest, pasture, and
urban areas. The SWAT model is capable
of generatnig climatic data for temperature,
precipitation, wind, solar radiation and rela-
tive humidity, or the data call inputted.
For this study, information on solar radia-
tion, wind speed, and relative humidity were
generated by SWAT. The channel water
routing needed to predict the changes in the
magnitude of the peak and the correspond-
ing stage of flow as a flood wave moves
downstream was based oil 	Muskingum
routing method ((,unge 1969).

AnnAGNPS Mode! Inputs. The
AnnAGNPS watershed was delineated using
the TopAGNPS program (Garhrecht et al.
2001) within the AnnAGNPS ArcView 3.3
interface (USDA ARS 2006) and a USGS
1/3 arc-second I )EM that was resainpled
to an exact 10 in (32.8 fl) grid, burned in
1 in (3.3 ft) with the streani networks from
the National Hydrograph Data set. A Criti-
cal source area of 175 ha (432.4 ac) and
m mnmniuni source channel length of 200 in
(656.2 it) were used to delineate the same
number o1498 cells (or subbasins in this case)
as was obtained with SWAT HRU delinea-
tion. Flow routing in AnnAGNPS is based
oil downslope flow routing concept that
defines the drainage and flow direction on
the landscape as the steepest dowrislope path
froni the cell of interest to one of its adjacent
cells (Garbrecht et al. 21)01).

The AnnAGNPS ArcView 3.3 interface
(USDA ARS 2(106) was also used to extract
the cell and reads data from the DEM.

The donsinant soils for the subbasins were
determined using the intersect soils feature
in the AnnAGNPS ArcView interface with
the SSURGO spatial data set. Soil proper-
ties for the representative soils were retrieved
in all I'S input format using the
National Soil Information System (NASIS)

soil database. The AnnAGNPS interface
requires that land use be ill Environmental
Systems Research Institute shapefile forniat
(Environmental Systems Research Institute
1998). Therefore, the USDA NASS (2001)
Indiana Cropland Data Layer was converted
froni a raster file to all 	Svstenis
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Figure 4
Monthly Cedar Creek watershed observed versus SWAT and AnnAGNPS simulated streamflow
for (a) 1989 to 1994, (b) 1995 to 2000, and (c) 2001 to 2005.
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Research Institute shapefile using ArcView.
Dominant land use was then determined by
intersecting the delineated subwatersheds
with the converted land use shapetle in the
AnnAGNPS AreView interface.

The AnnAGNPS niodel has the capability
of generating climate data for temperature
and precipitation through the use of the
Generation of weather Elements for Multiple
applications model (USDA NRCS 2005)
from the ArcView interface or the data can
be uploaded to the model in the input edi-
tor. However, neither Generation of weather
Elements for Multiple applications nor the
observed climate data for CCW included
the AnnAGNPS required data for sky cover,
wind speed, and dew point temperature. For
this study, sky cover, wind speed and dew
point temperature were generated by pro-
cessing the measured daily precipitation, and
maximum and uiininlum air temperature
data with the Complete–Climate program
(USDA NRCS 1999) that is included with
the AnnAGNPS niodel.

Because of the lack of measured data.
default AnnAGNPS parameter values used
in this study were 12.7 mnl d (0.5 in day)
for tile drainage rate, 1.0 for RUSLE sub P-
factor of subsurface drainage, and 0.04 for
cell concentrated flow Manning's "n". Table
4 lists other properties and parameter values
critical for streanillow and atrazinc concen-
tration prediction that were used as input for
AnnAGN PS. Manageuient operation data
(not shown) including residue cover remain-
ing, area disturbed, initial random roughness,
final random roughness, and operation
tillage depth were imported from the RUSLE
database. The RUSLE database was also uti-
lized to import crop growth parameters and
noncropland use data.

SWAT2005 and AnnAGNPS Statistical
Evaluation. The accuracy of SWAT and
AinAGNPS siniularion results were deter-
sinned by exanlination of the niean, standard
deviation (sd), coefficient of determination
(r 2), root mean square error (RMSE), and the
Nash-Sutcliffe (1970) model efficiency coef-
ficient (E 5). A simple comparison of mean
and standard deviation indicates whether
the frequency distribution of model results
is siniilar to the measured frequency distri-
bution. The r 2 value is an indicator of the
strength of the linear relationship between the
observed and simulated values.The RMSE is
indicative of the error associated with esti-
mated streaniflow or atrazine concentration.
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Figure 5
1:1 plot of monthly Cedar Creek watershed observed versus (a) SWAT and (b) AnnAGNPS

E\.5 suiiuiation coefficient indicates how well	1 simulated streamflow (1989 to 2005).
the plot of observed versus simulated values

-fits the 1:1 line. The ENS call 	from -	(a)	40

° to +L with I being a perfect agreement
between the model and real data (Santhi et	 35
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Results and Discussion	 10 
1Results. The observed nionthiv streainfiow

	K."and values predicted b y the SWAT and 
AnnAGNPS niodels are sllo\vn in figures
4a to 4c where the simulation period froimi	

00	5	10	15	20	25	30	35	401989 to 2005 was separated into three sub-
periods for better visual interpretation of	 Observed streamfiow (m 3 s-1)the data. Since AnnAGNPS does not 5i01-
ulate base flow, the SWAT base flow filter	Notes: SWAT = Soil and Water Assessment Tool. AnnAGNPS = Annualized Agricultural Non-Point
program (Arnold and Allen 199 1)) was used	Source model.
to separate base flow fromim SWAT predicted
values and measured sti-eamflow for coinpar- values. However. throughout the smmulatioii are shown ill plots. Compared to the
isons with AnnAGNPS output. In general, period, AnnAGNPS displayed a tendency to SWAT simulated streaniflow data in figure
both SWAT and AnnAGNPS captured the overpredict streanitlow to a greater extent 5a, the AnnAGNPS simulated streainflow
major trends seen ill 	observed data for thaii SWAT, particularl y during high flows, data in figure Sb has a considerably higher
tuning of peak discharge occurrences (fig-	Tills is •ais() apparent in figures Sa and Sb	amount of scatter, as well as a greater degree
ures 4a to 4c), and to sonic degree, the nag- where the SWAT andAnnAGNl aS monthly of overprediction as indicated by the larger
nitudc of the observed monthly streaniflow snnulated versus observed streaniflow data	deviation of the regression line from the
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where X is the average nicasured value dur-
nig the simulation period. .\ is the simulated
output oil i, and X is the observed data
Oil day i.

Gassnian et al. (21)1)7) reported that
the most widely used statistics for SWAT
hydrologic predictions are r2 and ENS . In a
recent review of model statistics, Moriasi et
al. (2007) proposed that E, values should
exceed 0.5)) for model performance to be	(b)
considered satisfactory for hydrologic and
pollutant loss evaluations. Although model
performance is somewhat ofa subjective area,
we have chosen to USC the above EN5 crite-
ria ill evaluating S\X/Al' and AnnAGNPS. We
also applied Tukey's statistical least significant
diffirence (LSD) test at the oc = ((.(j5 level
to determine significant differences between
all possible pairs of means for si nulated out-
put and observed data.Tukev's LSI) is a more
suitable test for multipic comparisons than
the simple t-test (Ott 1979).



Table 5
Statistical evaluation for monthly observed and simulated streamftow (1989 to 2005) and

atrazine concentration (1996 to 2004) in the Cedar Creek watershed.

Mean	Sd	RMSE	 r2

Streamfiow (m3 1)

Observed	 4.11 b	4.42

SWAT	 4.74 a 	5.99	6.69	0.66	0.79

AnnAGNPS	 5.81 a	6.32	4.11	0.13	0.66

Atrazine (gig L-1)
Observed	 1.08 b	1.33

SWAT	 3.11 a	6.02	5.62	-17.15	0.40

AnnAGNPS	 0.01 b	0.02	1.69	-0.64	0.34

Notes: Means followed by the same letter are not significantly different in Tukeys LSD test
statistic with (2 = 0.05. sd = standard deviation. RMSE = root mean square error. E 55 = Nash-
Sutcliffe model efficiency coefficient. r 2 = coefficient of determination. SWAT = Soil and Water
Assessment Tool. AnnAGNPS = Annualized Agricultural Non-Point Source model.

Figure 6
Annual Cedar Creek watershed observed versus SWAT and AnnAGNPS simulated streamfiow
(1989 to 2005).
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Notes: SWAT Soil and Water Assessment Tool. AnnAGNPS = Annualized Agricultural Non-Point
Source model.

Table 6
Statistical evaluation for annual observed and simulated streamftow (1989 to 2005) in the

Cedar Creek watershed.

Mean	Sd	RMSE

Observed	 4.10b	1.23

SWAT	 4.72ab	1.75	1.04	0.25	0.80

AnnAGNPS	 5.79a	2.30	2.09	-2.06	0.84

Notes: Means followed by the same letter are not significantly different in Tukeys LSD test
statistic with CL = 0.05. sd = standard deviation. RMSE = root mean square error. ENS = Nash-
Sutcliffe model efficiency coefficient. r 2 = coefficient of determination. SWAT = Soil and Water
Assessment Tool. AnnAGNPS = Annualized Agricultural Non-Point Source model.

1:1 line. The Tukey's LSI) test statistic
((Y. = 0.115) showed that there was no sig-
nificant difference between mean monthly
SWAT simulated streaniflow and mean
monthly observed streamflosv (table 5). The
Tukey's LSD test also found no significant
difference between SWAT and AnnAGNPS
simulated mean monthly streaniflosv: how-
ever, mean monthly AnnAGNPS siniu-
l.ited streansfiow was significantly different
from nican monthly observed streamfiow
(table 5). The AnnAGNPS model predicted
a higher (but not statistically significant)
mean monthly streaiisflow value (3.81
m' s [2(15 ft' sec) than SWAT (4.74
in' s_ I [167 it' Sec-11) with the E NS and
for streamfiow being higher for SWAT
(E NS = 0.66, t2 = 0.79) than AnnAGNPS
( E 5 = 0. 13, r2 = ( 1.66) (table 5). Table 5
also shows that SWAT monthly streanifiow
predictions had a slightly smaller standard
deviation and larger RMSE compared to
AnnAGNPS.

Annual observed and simulated stream-
flow results from 1989 to 2005 are displayed
in futures 6 and 7. Sinular to mean monthly
SWAT and AisnAGNPS streamflnw predic-
tions, both models overpredicted annual
streainflow. In addition, both SWAT and
AnnAGNPS had lower annual stream-
flow E NS values (table 6) as conipared to
the mean monthl y streaniflow E \5 values
(table 5). This was somewhat surprising
given the fact that model performance
typically iniproves when going from finer
to coarser time scales. However, for uncah-
brated conditions this may not necessarily be
the case and emphasizes the importance of
evaluating model performance at different
time scales.The observed annual streaniflow
in figure 6 shows the flow variability during
the course of the 16-year study period with
SOflIC years having relatively high or low
flows. Both models simulated the general
trend of measured annual streaniflow but
consistently overpredicted by approximately
15% for SWAT and 30% for AnnAGNPS.

The 1: I comparisons for SWAT and
AnnAGNPS simulated versus observed
annual streaniflow are presented in figures
7a and 71). respectively. Annual streanifiow
predictions by SWAT resulted in a niarginal
E \5 value of 11.25, with 12 equal to 0.80
(figure 7a and table 6). However, the statisti-
cal evaluation presented in table 6 indicates
no significant difference between SWAT
predicted (4.72 in _I [166 ft3 sec - 'j) and

12
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Figure 7
1:1 plot of annual Cedar Creek watershed observed versus (a) SWAT and (b) AnnAGNPS
simulated streamflow (1989 to 2005).
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observed (4.10 ni 3 s 1145 ft' secj) mean
annual streansfiow using Tukey's LSD test
((x = 0.05). The AnnAGNPS model over-
predicted annual streamfiow values to a
greater extent than SWAT as shown in
figures 6 and 7b. In table 6.AnnAGNPS sim-
ulated mean animal streamfiow (5.79 in 3 s
[204 ft' sec]) was significantly different
from observed mean annual streamfiow
(4.10 m1 s 1 [145 ft' sec- ']) according
to the Tukey's LSD test ((x = 0.05). For
AnnAGNPS, the s value between simu-
lated and observed annual streamflow was
0.84, while the ENS value was -2.06 indi-
cating poor model performance (figure
7b and table 6). In addition, the standard
deviation and RMSE were both larger for
AnnAGN PS annual streamfiow predictions
compared to SWAT (table 6). However, it is
apparent from the 1:1 graphs in figures 7a
and 7b that neither model predicted annual
streamfiow satisfactorily with Anti AGN PS
having a considerably lower ENS value of
-2.06 conipared to 0.25 fir SWAT.

Monthly observed and simulated atrazinc
concentrations are presented in figures 8
and 9a-h. Stream sampling for atraziiie was
only conducted during April to September
so it was not possible to deternune annual
values. Neither the uncalibrated SWAT nor
ArsriAGNPS models were able to adequately
simulate monthly atrazine concentrations.
Figures 8 and 9a-b show that there was
considerable discrepancy between modeled
atrazine concentrations since it was necessary
to plot the output from each model using
extremely different concentration scales.The
SWAT model overpredicted monthly atm-
zinc concentrations by approximately 2.8
rinses and had a very low E \ value of-i 7.15
(table 5). The AnnAGNPS model, on the
other hand, greatly underpredicted monthly
atrazinc concentrations (siniulated values
were approximately 1/100  of measured)
and had an E\ value of -0.64 (table 5).The
data scatter in figures Ya and b, as well as the
negative EN\ values, illustrates the inability of
both SWAT and AnnAGNPS to adequately
simulate atrazine concentrations. Although
the niean monthly simulated and observed
atraznie concentrations are very low in table
5. It is interesting to note that no significant
difference was found between AnnAGNPS
simulated and observed mean monthly
atrazine concentration using the Tukey's
LSD test ((x = (1.05). To the contrary, using
a sunple t-test with a = 0.05 showed that

15
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Cl)
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Observed

all atrazine mean monthly concentrations in
table 6 were significantly dif1irent (analysis
not shown). Both SWAT and AnnAGNPS,
however, were able to replicate the tinsing
of the peak atrazine concentrations, if not
the magnitude (figure 8). These results sug-
gest that for the CCW it may not be possible

-	- -- -- -_ -

streamfiow (m3 s1)

to use either SWAT or AminAGNPS in an
uncalibrated mode for prediction of atra-
zinc concentrations and losses. Again, it is
important to note that time measured data
being compared with model predictions is
from single grab samples taken during storm
runoff events. This is a fairly coarse nsea-

(b)

Notes: SWAT = Soil and Water Assessment Tool. AnnAGNPS = Annualized Agricultural Non-Point
Source model.
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Figure 8
Monthly Cedar Creek watershed observed versus SWAT and AnnAGNPS simulated atrazine
concentrations (May 1996 to September 2004).
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surement, and the implications of using the
atrazine grab sample data for SWAT and
AIInAGNPS model evaluation are discussed
further iii the following section.

Discussion. In order to assess the applica-
tion of SWAI and AnnAGNPS for modeling
streamtlow and atrazule losses in the CCW,
it is beneficial to contrast the results of
this study with similar studies. There is a
considerable collection of literature that
demonstrates the use of SWAT in effectively
modeling monthly streamfiow (e.g., Spruill
et al. 2000; Cotter et al. 2003; Van Liew and
Garbrecht 2003; Di Luzio et al. 2005; White
and Chaubey 2005; Wang and Melesse 2006;
Gassinan et al. 21)1)7: Larose et al. 2007). The
statistical analysis results reported in this study
for uncalibrated monthly streamfiow predic-
tions (E NS = 0.66, r2 1)79) fall within the
range of those found throughout the litera-
ture.Van Liew and Garbrecht (2003) reported
uncalibrated daily streainflow ENS values as
low as -3.24 that were unproved with cali-
bration to values as high as 11.6)) for the Little
Washita River watershed in Oklahoma. In
the same 15-year study by Van Liew and
Garbrecht (2003), evaluation results showed
that the SWAT model underestimated
average annual streamfiow by 18.4% using
default values for model parameters affect-

ing streainflow prediction. On a year-by-year
basis, SWAT underestimated one year by as
much as 98.4% while overestimating another
year by 156.9%. More recently, a five-year
study by Wang and Melesse (2006) showed
that for the Elm River watershed in North
Dakota, calibrated daily SWAT streamfiow
predictions ranged front overpredic-
tion to 35% underprediction compared to
the observed data. For a small watershed in
Kentucky. Spruill et al. (2000) found that
differences between observed and calibrated
daily SWAT streamfiow rates ranged between
±25 % over a two-year period and that the
size of the drainage area influenced SWAT
discharge predictions. Several of the other
studies cited herein also report a considerable
range in SWAT results for uncalibrated as
well as calibrated streamfiow (e.g., Di Luzio
et al. 2005; White and Chaubey 2005; Wang
and Melesse 2006; Larose et al. 20(17).

Possible explanations for SWAT model
overestimation of streamflow may be attrib-
uted to using default parameters that govern
simulated flow through the shallow and deep
aquifer, as well as to the tile drainage rou-
tine used in SWAT (Gassinan et al. 2007).
Although SWAT has been greatly enhanced
frontits original version, further improve-
ment in the tile drainage components should

increase the accuracy in estimating stream-
flow and atrazine losses in watersheds with
tile drains such as those throughout the
Midwest.

Studies involving the application of
AnnAGNPS for estimating streamflow are
not as prevalent in the literature as those
for SWAT. Sarangi et al. (2007) used
AnnAGNPS to predict runoff and sedi-
inent losses front and agricultural
watersheds on the island of St. Lucia in the
Caribbean. Based on calibration and valida-
tion of the model for different rainfall events,
Sarangi et al. (2007) reported errors of 7%
to 36% for annual streamfiow prediction
front agricultural watershed, which are
comparable to the AnnAGNPS noncali-
braced streamflow error range in this study
(14% to 38%). In a two-year study Oil a small
watershed in Southern Ontario, Das et al.
(2006) reported that mean annual runoff was
underestimated by approxnnately 55% for
noncalibrated conditions as opposed to the
overpredictions obtained with An nAGN PS
in this study. Several additional sources of
information from symposluni proceedings
report si nilar results for streamflow estimates
using AnnAGNPS (Theurer and Cronshey
1998: I)as et al. 2007; Sadeghi or al. 2007).

Considering both models, overprediction
of monthly streaniflow (especially during
summer months) (figures 4a-c) may be due
to the lack of measured data for solar radia-
tion and wind speed which are needed to
estimate potential ET based on the Penman
equation in each model. Furthermore, the
lack of available measured ET data for the
study period makes it difficult to validate
simulated ET results. Under- or over-esti-
mates of FT could thereby affect the overall
water balance, particularly during the sum-
mer months when ET demand is higher.
In addition, use of the SCS CN approach
represents an overall response of each HRU
or cell and does not account for near-stream
saturation associated with excess runoff.

The availability of climate data also plays
an important role in model performance and
accuracy. Spatial variability of precipitation
data represents one of the major limitations
in large scale hydrologic modeling (Arnold
et al. 1998). The subbasins in SWAT and
cells in AnnAGNI'S accessed data front
Garrett weather station located near the
center of the watershed (figure 1), which
may misrepresent the distribution of rainfall
over the entire watershed and thus would

Notes: SWAT = Soil and Water Assessment Tool. AnnAGNPS = Annualized Agricultural Non-Point
Source model. Note the difference between scales for each y-axis.
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Figure 9
1:1 plot of monthly Cedar Creek watershed observed versus (a) SWAT and (b) AnnAGNPS
simulated atrazine concentrations (May 1996 to September 2004).
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collected by the National Soil Erosion
Resc.sre-li Laboratory.

Summary and Conclusions
As outluied in WAS project plan obje(-tives.
both SWAF and AnuAGNPS are to he uti-
lized to conduct eonipai-ative evaluations
of environmental benefits associated with
diflerent conservation inanagcnient prac-
tices (US! )A ARS 2004). In all to
accomplish specific CEAP tasks, we evalu-
ated the application of the SWAT2005 and
AnnAGNI'S 3.3 models to estinmate stream-

flow (1989 to 2)105) and atrazine losses
1996 to 21)114) in the 70,820 ha (174,923ac)

CCW. It was imperative to initially evaluate
the performance of SWAT and AiinAGNPS
for estilliating stieaniflow and atrazine losses
based oil input data sets and to
apply both models without calibrarion, thus
eliminating any uncertainties pertaining to
the use of different optmnnzed model param-
eter values.

Results of this study indicate that uncali-
brared, the model performance statistics for
SWAT were considerably better compared to

impact streaniflow estimation Upon closer
inspection of the daily rainfall records for the
Garrett weather station, spikes appeared in
SWAT and AiiiiAGNPS sinuilated stream-
flow (due to a recorded ranifilI event) with
no response observed in the USGS discharge
data at the watershed outlet. It is possible
these were localized rainfall events not sig-
nificantly conrrihnting to total measured
watershed streaniflow However, higher rain-
fall recorded at the Garrett weather station
than what actually occurred would result
in higher streamfiow predictions (due to
rainfall values at this station being distrib-
uted over the entire watershed). III
the streaniflow snnularion results for both
SWAT and AnnAGNPS almost certainly
would unprove if additional stream gauge
and weather station data were available.

Since neither SWAT nor AnuAGNI'S
was calibrated for streaniflow (or atraziise
transport) III study. it was not slirpris_
lug to see that atrazine losses were poorly
snuulated. However, it is important to
understand that by applying the models
unealibrated, one call ascertain the
deiree to which SWAT and AnnAGNPS
differ in their estimates (while considering
the fact that the pesticide components in
both niodels were adapted from GLEAMS).
In spite of having been developed from a
eoiiinion source, the difference in SWAT
and AnnAGNPS atrazine loss predictions
were substantial. Oil other hand, both
models captured the peak time periods of
atrazine loss fisirly well. Overestimation of
atrazine loss by the SWAT model niav be
explained to a large degree by the over-
prediction of streanitJou However, this
is not the case for AnnAGNPS where
predicted atrazine concentrations were
much lower than observed concentrations.
Unfortunately, there is onl y one literature
source on siniulating atrazine loss using
AiiimAGNPS (Tagert 2006) and the atraziiie
predictions were ver y poor (r2= 0.095).
The SWAT atrazme simLilatioiis would
be improved with calibration, although,
as noted in Larose et al. (2007). knowing
the application dates plays acritical role in
successfully modeling atrazine loss (espe-
cially if a runoff producing rainfall event
occurs shortly after application). Future
SWAT and AnnAGNPS simiiiilation studies
for the CCW and its subbasins will utilize
Much niore detailed autonmated event-based
water elliality sampling data that is now being
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those of AniiAGNPS in estimating stream-
flow. e.g.. E Ns values for SWAT ranged from
0.66 to 0.25. and ENS values for AnnACNPS
ranged front to -2.06 for mean monthly
and annual streamfiow. respectively. Neither
the uncalibrated SWAT nor AnnAGNPS
models adequately simulated monthly
atrazinc concentrations, with SWAT over-
predicting concentrations by approximately
2.8 times and AnnAGNPS greatly underpre-
dieting concentrations (i.e., simulated values
were approximately 1/101) of measured).
These results indicate that for the CCW
modeled in this study. it would not be advis-
able to use either SWAT or AnnAGNPS
in an unealibrated niode for prediction of
atrazitle concentrations and losses. Finally. in
evaluating the application ofeacli model as an
assessment tool in accomplishing the CEAP
objectives, we also considered diffirenees in
technical and user documentation, model
interfices, input and output file descrip-
tions, and model technical support. Use of
SWAT was relatively straightforward and
could he gleaned from an abundance of pub-
lished materials, tutorial Internet sources, and
extensive documentation. AnnACNPS was
more difficult to learn and understand, and
documentation was limited. We also found
that the AnnAGNPS software and interfaces
were not at the level of refinement of those
for SWAT. Thus, in considerin g all aspects of
model applications involved in this study, the
use of the SWAT model would be prefer-
able to the AnnAGN I'S model for simulating
streanlflo\v and atrazine concentration in the
CCW. Further study is certainly warranted
it) evaluating the water quality application
of each model when calibrated (at multiple
scales) as well as quantifying model uncer-
taintv, all of winch are additional CEAP tasks.
Ultimately, the results of this study imply that
careful consideration niust be given iii the
application of different hydrologic models
being used iii CEAP as a basis for accurately
c 1 uanufyiig the environmental efficts of
soil conservation practices on off-site water
quality.
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