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ABSTRACT. The Soil and Water Assessment Tool (SWAT) model is a continuation of nearly 30 years of modeling efforts
conducted by the USDA Agricultural Research Service (ARS). SWAT has gained international acceptance as a robust
interdisciplinary watershed modeling tool as evidenced by international SWAT conferences, hundreds of SWAT-related papers
presented at numerous other scientific meetings, and dozens of articles published in peer-reviewed journals. The model has
also been adopted as part of the U.S. Environmental Protection Agency (USEPA) Better Assessment Science Integrating Point
and Nonpoint Sources (BASINS) software package and is being used by many U.S. federal and state agencies, including the
USDA within the Conservation Effects Assessment Project (CEAP). At present, over 250 peer-reviewed published articles
have been identified that report SWAT applications, reviews of SWAT components, or other research that includes SWAT. Many
of these peer-reviewed articles are summarized here according to relevant application categories such as streamflow
calibration and related hydrologic analyses, climate change impacts on hydrology, pollutant load assessments, comparisons
with other models, and sensitivity analyses and calibration techniques. Strengths and weaknesses of the model are presented,
and recommended research needs for SWAT are also provided.
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he Soil and Water Assessment Tool (SWAT) model

(Arnold et al., 1998; Arnold and Fohrer, 2005) has

proven to be an effective tool for assessing water re-

source and nonpoint-source pollution problems for
a wide range of scales and environmental conditions across
the globe. In the U.S., SWAT is increasingly being used to
support Total Maximum Daily Load (TMDL) analyses (Bo-
rah et al., 2006), research the effectiveness of conservation
practices within the USDA Conservation Effects Assessment
Program (CEAP, 2007) initiative (Mausbach and Dedrick,
2004), perform “macro-scale assessments” for large regions
such as the upper Mississippi River basin and the entire U.S.
(e.g., Arnold et al., 1999a; Jha et al., 2006), and a wide range
of other water use and water quality applications. Similar
SWAT application trends have also emerged in Europe and
other regions, as shown by the variety of studies presented in
four previous European international SWAT conferences,
which are reported for the first conference in a special issue
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of Hydrological Processes (volume 19, issue 3) and proceed-
ings for the second (TWRI, 2003), third (EAWAG, 2005), and
fourth (UNESCO-IHE, 2007) conferences.

Reviews of SWAT applications and/or components have
been previously reported, sometimes in conjunction with
comparisons with other models (e.g., Arnold and Fohrer,
2005; Borah and Bera, 2003, 2004; Shepherd et al., 1999).
However, these previous reviews do not provide a compre-
hensive overview of the complete body of SWAT applica-
tions that have been reported in the peer-reviewed literature.
There is a need to fill this gap by providing a review of the
full range of studies that have been conducted with SWAT and
to highlight emerging application trends. Thus, the specific
objectives of this study are to: (1) provide an overview of
SWAT development history, including the development of
GIS interface tools and examples of modified SWAT models;
(2) summarize research findings or methods for many of the
more than 250 peer-reviewed articles that have been identi-
fied in the literature, as a function of different application
categories; and (3) describe key strengths and weaknesses of
the model and list a summary of future research needs.

SWAT DEVELOPMENTAL HISTORY AND

OVERVIEW

The development of SWAT is a continuation of USDA
Agricultural Research Service (ARS) modeling experience
that spans a period of roughly 30 years. Early origins of
SWAT can be traced to previously developed USDA-ARS
models (fig. 1) including the Chemicals, Runoff, and Erosion
from Agricultural Management Systems (CREAMS) model
(Knisel, 1980), the Groundwater Loading Effects on
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Figure 1. Schematic of SWAT developmental history, including selected SWAT adaptations.

Agricultural Management Systems (GLEAMS) model
(Leonard et al., 1987), and the Environmental Impact Policy
Climate (EPIC) model (Izaurralde et al., 2006), which was
originally called the Erosion Productivity Impact Calculator
(Williams, 1990). The current SWAT model is a direct de-
scendant of the Simulator for Water Resources in Rural Ba-
sins (SWRRB) model (Arnold and Williams, 1987), which
was designed to simulate management impacts on water and
sediment movement for ungauged rural basins across the
U.S.

Development of SWRRB began in the early 1980s with
modification of the daily rainfall hydrology model from
CREAMS. A major enhancement was the expansion of sur-
face runoff and other computations for up to ten subbasins,
as opposed to a single field, to predict basin water yield. Oth-
er enhancements included an improved peak runoff rate
method, calculation of transmission losses, and the addition
of several new components: groundwater return flow (Arnold
and Allen, 1993), reservoir storage, the EPIC crop growth
submodel, a weather generator, and sediment transport. Fur-
ther modifications of SWRRB in the late 1980s included the
incorporation of the GLEAMS pesticide fate component, op-
tional USDA-SCS technology for estimating peak runoff
rates, and newly developed sediment yield equations. These
modifications extended the model’s capability to deal with a
wide variety of watershed water quality management prob-
lems.

Arnold et al. (1995b) developed the Routing Outputs to
Outlet (ROTO) model in the early 1990s in order to support
an assessment of the downstream impact of water manage-
ment within Indian reservation lands in Arizona and New
Mexico that covered several thousand square kilometers, as
requested by the U.S. Bureau of Indian Affairs. The analysis
was performed by linking output from multiple SWRRB runs
and then routing the flows through channels and reservoirs in
ROTO via a reach routing approach. This methodology over-
came the SWRRB limitation of allowing only ten subbasins;
however, the input and output of multiple SWRRB files was
cumbersome and required considerable computer storage. To
overcome the awkwardness of this arrangement, SWRRB
and ROTO were merged into the single SWAT model (fig. 1).
SWAT retained all the features that made SWRRB such a

1212

valuable simulation model, while allowing simulations of
very extensive areas.

SWAT has undergone continued review and expansion of
capabilities since it was created in the early 1990s. Key en-
hancements for previous versions of the model (SWAT94.2,
96.2, 98.1, 99.2, and 2000) are described by Arnold and Foh-
rer (2005) and Neitsch et al. (2005a), including the incorpora-
tion of in-stream kinetic routines from the QUAL2E model
(Brown and Barnwell, 1987), as shown in figure 1. Documen-
tation for some previous versions of the model is available at
the SWAT web site (SWAT, 2007d). Detailed theoretical doc-
umentation and a user’s manual for the latest version of the
model (SWAT2005) are given by Neitsch et al. (2005a,
2005b). The current version of the model is briefly described
here to provide an overview of the model structure and execu-
tion approach.

SWAT OVERVIEW

SWAT is a basin-scale, continuous-time model that oper-
ates on a daily time step and is designed to predict the impact
of management on water, sediment, and agricultural chemi-
cal yields in ungauged watersheds. The model is physically
based, computationally efficient, and capable of continuous
simulation over long time periods. Major model components
include weather, hydrology, soil temperature and properties,
plant growth, nutrients, pesticides, bacteria and pathogens,
and land management. In SWAT, a watershed is divided into
multiple subwatersheds, which are then further subdivided
into hydrologic response units (HRUs) that consist of homo-
geneous land use, management, and soil characteristics. The
HRUs represent percentages of the subwatershed area and are
not identified spatially within a SWAT simulation. Alterna-
tively, a watershed can be subdivided into only subwa-
tersheds that are characterized by dominant land use, soil
type, and management.

Climatic Inputs and HRU Hydrologic Balance

Climatic inputs used in SWAT include daily precipitation,
maximum and minimum temperature, solar radiation data,
relative humidity, and wind speed data, which can be input
from measured records and/or generated. Relative humidity
is required if the Penman-Monteith (Monteith, 1965) or
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Priestly-Taylor (Priestly and Taylor, 1972) evapotranspira-
tion (ET) routines are used; wind speed is only necessary if
the Penman-Monteith method is used. Measured or generated
sub-daily precipitation inputs are required if the Green-Ampt
infiltration method (Green and Ampt, 1911) is selected. The
average air temperature is used to determine if precipitation
should be simulated as snowfall. The maximum and mini-
mum temperature inputs are used in the calculation of daily
soil and water temperatures. Generated weather inputs are
calculated from tables consisting of 13 monthly climatic
variables, which are derived from long-term measured
weather records. Customized climatic input data options in-
clude: (1) simulation of up to ten elevation bands to account
for orographic precipitation and/or for snowmelt calcula-
tions, (2) adjustments to climate inputs to simulate climate
change, and (3) forecasting of future weather patterns, which
is a new feature in SWAT2005.

The overall hydrologic balance is simulated for each
HRU, including canopy interception of precipitation, parti-
tioning of precipitation, snowmelt water, and irrigation water
between surface runoff and infiltration, redistribution of wa-
ter within the soil profile, evapotranspiration, lateral subsur-
face flow from the soil profile, and return flow from shallow
aquifers. Estimation of areal snow coverage, snowpack tem-
perature, and snowmelt water is based on the approach de-
scribed by Fontaine et al. (2002). Three options exist in
SWAT for estimating surface runoff from HRUs, which are
combinations of daily or sub-hourly rainfall and the USDA
Natural Resources Conservation Service (NRCS) curve num-
ber (CN) method (USDA-NRCS, 2004) or the Green-Ampt
method. Canopy interception is implicit in the CN method,
while explicit canopy interception is simulated for the Green-
Ampt method.

A storage routing technique is used to calculate redistribu-
tion of water between layers in the soil profile. Bypass flow
can be simulated, as described by Arnold et al. (2005), for
soils characterized by cracking, such as Vertisols. SWAT2005
also provides a new option to simulate perched water tables
in HRUs that have seasonal high water tables. Three methods
for estimating potential ET are provided: Penman-Monteith,
Priestly-Taylor, and Hargreaves (Hargreaves et al., 1985). ET
values estimated external to SWAT can also be input for a
simulation run. The Penman-Monteith option must be used
for climate change scenarios that account for changing atmo-
spheric CO; levels. Recharge below the soil profile is parti-
tioned between shallow and deep aquifers. Return flow to the
stream system and evapotranspiration from deep-rooted
plants (termed “revap”) can occur from the shallow aquifer.
Water that recharges the deep aquifer is assumed lost from the
system.

Cropping, Management Inputs, and HRU-Level Pollutant
Losses

Crop yields and/or biomass output can be estimated for a
wide range of crop rotations, grassland/pasture systems, and
trees with the crop growth submodel. New routines in
SWAT?2005 allow for simulation of forest growth from seed-
ling to mature stand. Planting, harvesting, tillage passes, nu-
trient applications, and pesticide applications can be
simulated for each cropping system with specific dates or
with a heat unit scheduling approach. Residue and biological
mixing are simulated in response to each tillage operation.
Nitrogen and phosphorus applications can be simulated in the
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form of inorganic fertilizer and/or manure inputs. An alterna-
tive automatic fertilizer routine can be used to simulate fertil-
izer applications, as a function of nitrogen stress. Biomass
removal and manure deposition can be simulated for grazing
operations. SWAT2005 also features a new continuous ma-
nure application option to reflect conditions representative of
confined animal feeding operations, which automatically
simulates a specific frequency and quantity of manure to be
applied to a given HRU. The type, rate, timing, application
efficiency, and percentage application to foliage versus soil
can be accounted for simulations of pesticide applications.

Selected conservation and water management practices
can also be simulated in SWAT. Conservation practices that
can be accounted for include terraces, strip cropping, con-
touring, grassed waterways, filter strips, and conservation
tillage. Simulation of irrigation water on cropland can be
simulated on the basis of five alternative sources: stream
reach, reservoir, shallow aquifer, deep aquifer, or a water
body source external to the watershed. The irrigation applica-
tions can be simulated for specific dates or with an auto-
irrigation routine, which triggers irrigation events according
to a water stress threshold. Subsurface tile drainage is simu-
lated in SWAT2005 with improved routines that are based on
the work performed by Du et al. (2005) and Green et al.
(2006); the simulated tile drains can also be linked to new
routines that simulate the effects of depressional areas (pot-
holes). Water transfer can also be simulated between differ-
ent water bodies, as well as “consumptive water use” in
which removal of water from a watershed system is assumed.

HRU-level and in-stream pollutant losses can be esti-
mated with SWAT for sediment, nitrogen, phosphorus, pesti-
cides, and bacteria. Sediment yield is calculated with the
Modified Universal Soil Loss Equation (MUSLE) developed
by Williams and Berndt (1977); USLE estimates are output
for comparative purposes only. The transformation and
movement of nitrogen and phosphorus within an HRU are
simulated in SWAT as a function of nutrient cycles consisting
of several inorganic and organic pools. Losses of both N and
P from the soil system in SWAT occur by crop uptake and in
surface runoff in both the solution phase and on eroded sedi-
ment. Simulated losses of N can also occur in percolation be-
low the root zone, in lateral subsurface flow including tile
drains, and by volatilization to the atmosphere. Accounting
of pesticide fate and transport includes degradation and
losses by volatilization, leaching, on eroded sediment, and in
the solution phase of surface runoff and later subsurface flow.
Bacteria surface runoff losses are simulated in both the solu-
tion and eroded phases with improved routines in
SWAT2005.

Flow and Pollutant Loss Routing, and Auto-Calibration
and Uncertainty Analysis

Flows are summed from all HRUs to the subwatershed
level, and then routed through the stream system using either
the variable-rate storage method (Williams, 1969) or the
Muskingum method (Neitsch et al., 2005a), which are both
variations of the kinematic wave approach. Sediment, nutri-
ent, pesticide, and bacteria loadings or concentrations from
each HRU are also summed at the subwatershed level, and the
resulting losses are routed through channels, ponds, wet-
lands, depressional areas, and/or reservoirs to the watershed
outlet. Contributions from point sources and urban areas are
also accounted for in the total flows and pollutant losses ex-
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ported from each subwatershed. Sediment transport is simu-
lated as a function of peak channel velocity in SWAT2005,
which is a simplified approach relative to the stream power
methodology used in previous SWAT versions. Simulation of
channel erosion is accounted for with a channel erodibility
factor. In-stream transformations and kinetics of algae
growth, nitrogen and phosphorus cycling, carbonaceous bio-
logical oxygen demand, and dissolved oxygen are performed
on the basis of routines developed for the QUAL2E model.
Degradation, volatilization, and other in-stream processes
are simulated for pesticides, as well as decay of bacteria.
Routing of heavy metals can be simulated; however, no trans-
formation or decay processes are simulated for these pollu-
tants.

A final feature in SWAT2005 is a new automated sensitiv-
ity, calibration, and uncertainty analysis component that is
based on approaches described by van Griensven and Meix-
ner (2006) and van Griensven et al. (2006b). Further discus-
sion of these tools is provided in the Sensitivity, Calibration,
and Uncertainty Analyses Section.

SWAT ADAPTATIONS

A key trend that is interwoven with the ongoing develop-
ment of SWAT is the emergence of modified SWAT models
that have been adapted to provide improved simulation of
specific processes, which in some cases have been focused on
specific regions. Notable examples (fig. 1) include SWAT-G,
Extended SWAT (ESWAT), and the Soil and Water Integrated
Model (SWIM). The initial SWAT-G model was developed
by modifying the SWAT99.2 percolation, hydraulic conduc-
tivity, and interflow functions to provide improved flow pre-
dictions for typical conditions in low mountain ranges in
Germany (Lenhart et al., 2002). Further SWAT-G enhance-
ments include an improved method of estimating erosion loss
(Lenhart et al., 2005) and a more detailed accounting of CO,
effects on leaf area index and stomatal conductance (Eck-
hardt and Ulbrich, 2003). The ESWAT model (van Griensven
and Bauwens, 2003, 2005) features several modifications rel-
ative to the original SWAT model including: (1) sub-hourly
precipitation inputs and infiltration, runoff, and erosion loss
estimates based on a user-defined fraction of an hour; (2) a
river routing module that is updated on an hourly time step
and is interfaced with a water quality component that features
in-stream kinetics based partially on functions used in
QUALZE as well as additional enhancements; and (3) multi-
objective (multi-site and/or multi-variable) calibration and
autocalibration modules (similar components are now incor-
porated in SWAT2005). The SWIM model is based primarily
on hydrologic components from SWAT and nutrient cycling
components from the MATSALU model (Krysanova et al.,
1998, 2005) and is designed to simulate “mesoscale” (100 to
100,000 km?2) watersheds. Recent improvements to SWIM
include incorporation of a groundwater dynamics submodel
(Hatterman et al., 2004), enhanced capability to simulate for-
est systems (Wattenbach et al., 2005), and development of
routines to more realistically simulate wetlands and riparian
zones (Hatterman et al., 2000).

GEOGRAPHIC INFORMATION SYSTEM INTERFACES AND
OTHER ToOLS

A second trend that has paralleled the historical develop-
ment of SWAT is the creation of various Geographic Informa-
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tion System (GIS) and other interface tools to support the
input of topographic, land use, soil, and other digital data into
SWAT. The first GIS interface program developed for SWAT
was SWAT/GRASS, which was built within the GRASS
raster-based GIS (Srinivasan and Arnold, 1994). Haverkamp
et al. (2005) have adopted SWAT/GRASS within the Input-
OutputSWAT (IOSWAT) software package, which incorpo-
rates the Topographic Parameterization Tool (TOPAZ) and
other tools to generate inputs and provide output mapping
support for both SWAT and SWAT-G.

The ArcView-SWAT (AVSWAT) interface tool (Di Luzio
et al., 2004a, 2004b) is designed to generate model inputs
from ArcView 3.x GIS data layers and execute SWAT2000
within the same framework. AVSWAT was incorporated
within the U.S. Environmental Protection Agency (USEPA)
Better Assessment Science Integrating point and Nonpoint
Sources (BASINS) software package versions 3.0 (USEPA,
2006a), which provides GIS utilities that support automatic
data input for SWAT2000 using ArcView (Di Luzio et al.,
2002). The most recent version of the interface is denoted
AVSWAT-X, which provides additional input generation
functionality, including soil data input from both the USDA-
NRCS State Soils Geographic (STATSGO) and Soil Survey
Geographic (SSURGO) databases (USDA-NRCS, 2007a,
2007b) for applications of SWAT2005 (Di Luzio et al., 2005;
SWAT, 2007b). Automatic sensitivity, calibration, and uncer-
tainty analysis can also be initiated with AVSWAT-X for
SWAT2005. The Automated Geospatial Watershed Assess-
ment (AGWA) interface tool (Miller et al., 2007) is an alter-
native ArcView-based interface tool that supports data input
generation for both SWAT2000 and the KINEROS2 model,
including options for soil inputs from the SSURGO, STATS-
GO, or United Nations Food and Agriculture Organization
(FAO) global soil maps. Both AGWA and AVSWAT have
been incorporated as interface approaches for generating
SWAT2000 inputs within BASINS version 3.1 (Wells, 2006).

A SWAT interface compatible with ArcGIS version 9.1
(ArcSWAT) has recently been developed that uses a geodata-
base approach and a programming structure consistent with
Component Object Model (COM) protocol (Olivera et al.,
2006; SWAT, 2007a). An ArcGIS 9.x version of AGWA
(AGWA2) is also being developed and is expected to be re-
leased near mid-2007 (USDA-ARS, 2007).

A variety of other tools have been developed to support
executions of SWAT simulations, including: (1) the interac-
tive SWAT (i_SWAT) software (CARD, 2007), which sup-
ports SWAT simulations using a Windows interface with an
Access database; (2) the Conservation Reserve Program
(CRP) Decision Support System (CRP-DSS) developed by
Rao et al. (2006); (3) the AUTORUN system used by Kannan
et al. (2007b), which facilitates repeated SWAT simulations
with variations in selected parameters; and (4) a generic in-
terface (iISWAT) program (Abbaspour et al., 2007), which au-
tomates parameter selection and aggregation for iterative
SWAT calibration simulations.

SWAT APPLICATIONS

Applications of SWAT have expanded worldwide over the
past decade. Many of the applications have been driven by
the needs of various government agencies, particularly in the
U.S. and the European Union, that require direct assessments
of anthropogenic, climate change, and other influences on a

TRANSACTIONS OF THE ASABE



0=

A

Py
T
ST

7
97
bl

e

o
-t
X

2

7
AT
Hfi.»f'

ey
S

&0’""‘\‘
i
3}

=
B

Great Basin

575
"G
08

}

I
2

Arkansas-
White-Red

N
S
.
&b
T
A

=

RN

g
B

R,
O R S,

m?"r“?ﬂWﬂ o Ry

L
5N

S

\>>2
I

- ‘h"k ~‘
l"ﬂs.i“ \‘\“
\‘\‘.‘\ 5

v .
d Atlantic-Gulf
‘ WY ]

1

Figure 2. Distribution of the 2,149 8-digit watersheds within the 18 Major Water Resource Regions (MWRRs) that comprise the conterminous U.S.

wide range of water resources or exploratory assessments of
model capabilities for potential future applications.

One of the first major applications performed with SWAT
was within the Hydrologic Unit Model of the U.S. (HUMUS)
modeling system (Arnold et al., 1999a), which was imple-
mented to support USDA analyses of the U.S. Resources
Conservation Act Assessment of 1997 for the conterminous
U.S. The system was used to simulate the hydrologic and/or
pollutant loss impacts of agricultural and municipal water
use, tillage and cropping system trends, and other scenarios
within each of the 2,149 U.S. Geological Survey (USGS)
8-digit Hydrologic Cataloging Unit (HCU) watersheds
(Seaber et al., 1987), referred to hereafter as “8-digit wa-
tersheds”. Figure 2 shows the distribution of the 8-digit wa-
tersheds within the 18 Major Water Resource Regions
(MWRRSs) that comprise the conterminous U.S.

SWAT is also being used to support the USDA Conserva-
tion Effects Assessment Project, which is designed to quanti-
fy the environmental benefits of conservation practices at
both the national and watershed scales (Mausbach and De-
drick, 2004). SWAT is being applied at the national level
within a modified HUMUS framework to assess the benefits
of different conservation practices at that scale. The model is
also being used to evaluate conservation practices for wa-
tersheds of varying sizes that are representative of different
regional conditions and mixes of conservation practices.

SWAT is increasingly being used to perform TMDL analy-
ses, which must be performed for impaired waters by the dif-
ferent states as mandated by the 1972 U.S. Clean Water Act
(USEPA, 2006b). Roughly 37% of the nearly 39,000 current-
ly listed impaired waterways still require TMDLs (USEPA,
2007); SWAT, BASINS, and a variety of other modeling tools
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will be used to help determine the pollutant sources and po-
tential solutions for many of these forthcoming TMDLs. Ex-
tensive discussion of applying SWAT and other models for
TMDLs is presented in Borah et al. (2006), Benham et al.
(2006), and Shirmohammadi et al. (2006).

SWAT has also been used extensively in Europe, including
projects supported by various European Commission (EC)
agencies. Several models including SWAT were used to
quantify the impacts of climate change for five different wa-
tersheds in Europe within the Climate Hydrochemistry and
Economics of Surface-water Systems (CHESS) project,
which was sponsored by the EC Environment and Climate
Research Programme (CHESS, 2001). A suite of nine models
including SWAT were tested in 17 different European wa-
tersheds as part of the EUROHARP project, which was spon-
sored by the EC Energy, Environment and Sustainable
Development (EESD) Programme (EUROHARP, 2006). The
goal of the research was to assess the ability of the models to
estimate nonpoint-source nitrogen and phosphorus losses to
both freshwater streams and coastal waters. The EESD-
sponsored TempQsim project focused on testing the ability of
SWAT and five other models to simulate intermittent stream
conditions that exist in southern Europe (TempQsim, 2006).
Volk et al. (2007) and van Griensven et al. (2006a) further de-
scribe SWAT application approaches within in the context of
the European Union (EU) Water Framework Directive.

The following application discussion focuses on the wide
range of specific SWAT applications that have been reported
in the literature. Some descriptions of modified SWAT model
applications are interspersed within the descriptions of stud-
ies that used the standard SWAT model.
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Table 1. Overview of major application categories
of SWAT studies reported in the literature.l2!
Hydrologic
and Pollutant

Hydrologic Pollutant  Loss
Primary Application Category Only Loss Only
Calibration and/or sensitivity analysis 15 20 2
Climate change impacts 22 8 --
GIS interface descriptions 3 3 2
Hydrologic assessments 42 -- --
Variation in configuration or data input 21 15 --
effects
Comparisons with other models or 5 7 1
techniques
Interfaces with other models 13 15 6
Pollutant assessments -- 57 6

[a] Includes studies describing applications of ESWAT, SWAT-G, SWIM,
and other modified SWAT models.

SPECIFIC SWAT APPLICATIONS

SWAT applications reported in the literature can be cate-
gorized in several ways. For this study, most of the peer-
reviewed articles could be grouped into the nine
subcategories listed in table 1, and then further broadly de-
fined as hydrologic only, hydrologic and pollutant loss, or
pollutant loss only. Reviews are not provided for all of the ar-
ticles included in the table 1 summary; a complete list of the
SWAT peer-reviewed articles is provided at the SWAT web
site (SWAT, 2007c), which is updated on an ongoing basis.

HYDROLOGIC ASSESSMENTS

Simulation of the hydrologic balance is foundational for
all SWAT watershed applications and is usually described in
some form regardless of the focus of the analysis. The major-
ity of SWAT applications also report some type of graphical
and/or statistical hydrologic calibration, especially for
streamflow, and many of the studies also report validation re-
sults. A wide range of statistics has been used to evaluate
SWAT hydrologic predictions. By far the most widely used
statistics reported for hydrologic calibration and validation
are the regression correlation coefficient (R2) and the Nash-
Sutcliffe model efficiency (NSE) coefficient (Nash and Sut-
cliffe, 1970). The R? value measures how well the simulated
versus observed regression line approaches an ideal match
and ranges from 0 to 1, with a value of 0 indicating no correla-
tion and a value of 1 representing that the predicted disper-
sion equals the measured dispersion (Krause et al., 2005).
The regression slope and intercept also equal 1 and 0, respec-
tively, for a perfect fit; the slope and intercept are often not
reported. The NSE ranges from —o to 1 and measures how
well the simulated versus observed data match the 1:1 line
(regression line with slope equal to 1). An NSE value of 1
again reflects a perfect fit between the simulated and mea-
sured data. A value of O or less than 0 indicates that the mean
of the observed data is a better predictor than the model out-
put. See Krause et al. (2005) for further discussion regarding
the RZ, NSE, and other efficiency criteria measures.

An extensive list of R? and NSE statistics is presented in
table 2 for 115 SWAT hydrologic calibration and/or validation
results reported in the literature. These statistics provides valu-
able insight regarding the hydrologic performance of the model
across a wide spectrum of conditions. To date, no absolute crite-
ria for judging model performance have been firmly established

1216

in the literature. However, Moriasi et al. (2007) proposed that
NSE values should exceed 0.5 in order for model results to be
judged as satisfactory for hydrologic and pollutant loss evalua-
tions performed on a monthly time step (and that appropriate re-
laxing and tightening of the standard be performed for daily and
annual time step evaluations, respectively). Assuming this crite-
rion for both the NSE and r2 values at all time steps, the majority
of statistics listed in table 2 would be judged as adequately repli-
cating observed streamflows and other hydrologic indicators.
However, it is clear that poor results resulted for parts or all of
some studies. The poorest results generally occurred for daily
predictions, although this was not universal (e.g., Grizzetti et al.,
2005). Some of the weaker results can be attributed in part to
inadequate representation of rainfall inputs, due to either a lack
of adequate rain gauges in the simulated watershed or subwa-
tershed configurations that were too coarse to capture the spatial
detail of rainfall inputs (e.g., Cao et al., 2006; Conan et al.,
2003b; Bouraoui et al., 2002; Bouraoui et al., 2005). Other fac-
tors that may adversely affect SWAT hydrologic predictions in-
clude a lack of model calibration (Bosch et al., 2004),
inaccuracies in measured streamflow data (Harmel et al., 2006),
and relatively short calibration and validation periods (Muleta
and Nicklow, 2005b).

Example Calibration/Validation Studies

The SWAT hydrologic subcomponents have been refined
and validated at a variety of scales (table 2). For example, Ar-
nold and Allen (1996) used measured data from three Illinois
watersheds, ranging in size from 122 to 246 km?, to success-
fully validate surface runoff, groundwater flow, groundwater
ET, ET in the soil profile, groundwater recharge, and ground-
water height parameters. Santhi et al. (2001a, 2006) per-
formed extensive streamflow validations for two Texas
watersheds that cover over 4,000 km2. Arnold et al. (1999b)
evaluated streamflow and sediment yield data in the Texas
Gulf basin with drainage areas ranging from 2,253 to
304,260 km2. Streamflow data from approximately 1,000
stream monitoring gauges from 1960 to 1989 were used to
calibrate and validate the model. Predicted average monthly
streamflows for three major river basins (20,593 to
108,788 km?) were 5% higher than measured flows, with
standard deviations between measured and predicted within
2%. Annual runoff and ET were validated across the entire
continental U.S. as part of the Hydrologic Unit Model for the
U.S. (HUMUS) modeling system. Rosenthal et al. (1995)
linked GIS to SWAT and simulated ten years of monthly
streamflow without calibration. SWAT underestimated the
extreme events but produced overall accurate streamflows
(table 2). Bingner (1996) simulated runoff for ten years for a
watershed in northern Mississippi. The SWAT model pro-
duced reasonable results in the simulation of runoff on a daily
and annual basis from multiple subbasins (table 2), with the
exception of a wooded subbasin. Rosenthal and Hoffman
(1999) successfully used SWAT and a spatial database to sim-
ulate flows, sediment, and nutrient loadings on a 9,000 km2
watershed in central Texas to locate potential water quality
monitoring sites. SWAT was also successfully validated for
streamflow (table 2) for the Mill Creek watershed in Texas for
1965-1968 and 1968-1975 (Srinivasan et al., 1998). Monthly
streamflow rates were well predicted, but the model overesti-
mated streamflows in a few years during the spring/summer
months. The overestimation may be accounted for by vari-
able rainfall during those months.
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Table 2. Summary of reported SWAT hydrologic calibration and validation coefficient

of determination (R”) and Nash-Sutcliffe model efficiency (NSE) statistics.

Drainage Time Period Calibration Validation
Area (C =calib., Daily Monthly Daily Monthly  Annual
Reference Watershed (km®®  Indicator V= valid.) R® NSE R?> NSE R?> NSE R? NSE R?! NSE R? NSE
Afinowicz etal.  North Fork of the 60 Stream  C:1992-1996 0.4 0.29 0.09 0.5
(2005) Upper Guadalupe flow V:1997 to
River (Texas) Sept. 2003
Arabi et al. Dreisbach and 6.2 Stream C: 1975 to 0.92 0.84 0.87 0.73
(2006b)™ Smith Fry and flow May 1977 and and and and
(Indiana) 7.3 V: June 1977 0.86 0.73 0.81 0.63
to 1978
Surface 091 0.80 0.88 0.75
runoff and and and and
0.84 0.62 0.84 0.63
Armold and Goose Creek, 122 Surface Varying 0.79
Allen (1996) Hadley Creek, to runoff periods to
and Panther 246 0.94
Creek Ground 0.38
(Illinois) water to
flow 0.51
Total 0.63
stream to
flow 0.95
Armold et al. Upper 491,700  Stream  C:1961-1980 0.63 0.65
(2000) Mississippi River flow V:1981-1985
(north central
U.s.)
Armold et al. USDA-ARS Y-2  0.53 Crack 1998-1999 0.84
(2005) (Texas) flow
Surface 1998-1999 0.87
runoff
Arnold et al. Conterminous -- Runoff 20-year 0.78
(1999a)t U.S. (fig. 2) (by state) period
(by soils ) 0.66
Armold et al. 35 8-digit 2,253 Stream 1965-1989 023 -1.1
(1999b) watersheds to flow to to
(Texas) 304,620 0.96 0.87
Three 6-digit -- Stream 1965-1989 0.57 0.53
watersheds'® flow to to
(Texas) 0.87 0.86
Barlund et al. Lake Pyhajarvi -- Stream 1990-1994 0.48
(2007)!Hd (Finland) flow
Behera and Kapgari 9.73 Surface C:2002 0.94 0.88 091 0.85
Panda (2006) (India) runoff V:2003
(rainy season)
Benaman et al. Cannonsville 37 Stream C: 1994 to 0.72 0.63 0.73 0.62
(2005) Reservoir (New to flow July 1999 to to and and
York); 913 V:1990-1993 0.80 0.78 0.80 0.76
C: four gauges,
V: two gauges
Benham et al. Shoal Creek 367 Stream  C:May 1999 040 0.21 0.70 0.63 0.61 0.54 0.61 0.66
(2006) (Missouri); flow to June 2000
upstream gauge V: June 2001
to Sept. 2002
Binger Goodwin Creek 0.05 Stream  V:1982-1991 93
(1996) (Mississippi); to flow (140 1 >
14 gauges 21.3 statistics) 0.90
Bosch et al. Subwatershed J, 22.1 Stream 1997-2002 -0.24 0.55
(2004)(0e Little River flow to to
(Georgia, U.S.) -0.03 0.80
Bouraoui et al. Medjerda River 163 Stream  Sept. 1988 to 044 0.23 0.62 0.53
(2005)M (Algeria and to flow March 1999 to to to to
Tunisia); 16,000 0.69 0.41 0.84 0.84
three gauges
Bouraoui et al. Ouse River 980 Stream 1986-1990 0.39
(2002) (UK); to flow to
three gauges 3,500 0.77
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Table 2 (cont'd). Summary of reported SWAT hydrologic calibration and validation
coefficient of determination (R?) and Nash-Sutcliffe model efficiency (NSE) statistics.

Drainage Time Period Calibration Validation
. Area (C =calib,, Daily Monthly  Annual Daily Monthly  Annual
Reference Watershed (km>)® Indicator V=valid) R> NSE R> NSE R* NSE R®> NSE R’ NSE R’ NSE
Bouraoui et al. Vantaanjoki 1,682 Stream 1965-1984 0.87
(2004) (Finland) flow
Subwatershed 295 1982-1984 0.81
Cao et al. Motueka River 479 Stream  C:1990-1994 0.52 0.36 0.64 041 035
(2006) (New Zealand); to flow V:1995-2000 to to to to to
Seven gauges 1,756.6 0.82 0.78 0.95 0.75 0.72
Cerucci and Townbrook 36.8 Stream  Oct. 1998 to 0.72
Conrad (2003) (New York) flow Sept. 2000
Chanasyk etal.  Three watersheds 0.015  Surface 1999-1900 -35.7
(2003) (Saskatchewan) to to
0.023 runoff -0.005
Chaplot et al. Walnut Creek 51.3 Stream 1991-1998 0.73
(2004) (lowa) flow
Cheng et al. Heihe River 7,241 Stream  C: 1992-1997 0.80 0.78 0.78 0.76
(2006) (China) flow  V:1998-1999
Chu and Warner Creek 3.46 Stream  C: 1994-1995 0.66 0.52 0.69 0.63
Shirmohammadi (Maryland) flow  V:1996-1999
(2004)1 Surface 0.43 035 0.88 0.77
runoff
Sub- 0.56 0.27 0.47 042
surface
runoff
Coffey et al. University of 55 Stream 1995 and 026 0.09 0.70 0.41
(2004) Kentucky ARC flow 1996 and and and and
(Kentucky) 040 0.15 0.88 0.61
Conan et al. Coét-Dan 12 Stream  C: 1995-1996 0.79 0.42 0.87
(2003a)H (France) flow  V:1997-1999
Subwatershed Stream V:199% to 0.83
flow Feb. 1999
Conan et al. Upper Guadiana 18,100  Stream 1975-1991 0.45
(2003b) River (Spain) flow
Cotter et al. Moores Creek 18.9 Stream 1997-1998 0.76
(2003) (Arkansas) flow
Di Luzio et al. Goodwin Creek 21.3 Surface 1982-1993 0.90 0.81
(2005) (Mississippi) runoff to to
0.95 0.97
Di Luzio Blue River 1,233 Stream 1994-2000 0.24 0.15
and Arnold (Oklahoma) flow (auto. calib.) to to
(2004)% 0.99 0.99
(manual calib.) 0.01 -102
to to
0.98 0.80
Di Luzio et al. Upper North 932.5 Stream 1993 to 0.82
(2002) Bosque River flow July 1998
(Texas)
Du et al. Walnut Creek 513 Stream  C: 1992-1995 0.39 0.36 0.35 0.13
(2005) (lowa); flow  V:1996-1999 and and and and
Subwatershed (SWAT2000) 0.47 0.72 0.32 0.56
(site 310) and
watershed outlet
Subwatershed -- Tile (SWAT2000) -0.15 -0.33 -0.16 -0.42
(site 210) flow
Subwatershed 513  Stream (SWAT-M)! 0.55 0.84 -0.11 0.72
(site 310) and flow and and and and
watershed outlet 0.51 0.88 0.49 0.82
Subwatershed - Tile  (SWAT-M)" -0.23 0.67 -0.12 0.70
(site 210) flow
Eckhardt et al. Dietzholze 81 Stream 1991-1993 -0.17
(2002) (Germany) flow (SWAT99.2)
(SWAT-G) 0.76
El-Nasr et al. Jeker 465 Stream  C:June 1986 0.45 0.39 0.55 0.60
(2005) (Belgium) flow to April 1989
V: June 1989
to April 1992
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Table 2 (cont'd). Summary of reported SWAT hydrologic calibration and validation
coefficient of determination (R?) and Nash-Sutcliffe model efficiency (NSE) statistics.

Drainage Time Period Calibration Validation
Area (C =calib., Daily Monthly  Annual Daily Monthly Annual
Reference Watershed (km®)®  Indicator V= valid.) R? NSE R? NSE R® NSE R’ NSE R’ NSE R? NSE
Fontaine et al. Wind River 4,999 Stream 1991-1996 0.86
(2002) (Wyoming) flow  (new snowmelt
routine)
1991-1996 -0.70
(old routine)
Fontaine et al. Spring Creek 427 Stream 1987-1995 0.62 0.94
(2001) (South Dakota) flow
Francos et al. Kerava River 400 Stream 1985-1994 0.65
(2001)M (Finland) flow
Geza and McCray Turkey Creek 126 Stream 1998-2001 0.70
(2007) (Colorado) flow  (SSURGO soils)
(STATSGO 0.61
soils)
Gikas et al. Vistonis Lagoon 1,349 Stream  C:May 1998 0.71 0.72
(2005)H4 (Greece); flow  toJune 1999  to to
nine gauges V:Nov. 1999 0.89 0.91
to Jan. 2000
Gitau et al. Town Brook 368 Stream  1992-2002 0.76 0.44 0.99 0.84
(2004) (New York) flow
Gosain et al. Palleru River - Stream 1972-1994 0.61 0.87
(2005)1H1 (India) flow
Govender Cathedral Park 0.68 Stream C: 1991 0.86 0.65
and Everson Research C VI flow V:1990-1995
(2005) (South Africa) (auto. calib.)
V:1990-1995 0.68
(manual calib.)
Green et al. South Fork of 580.5 Stream C:1995-1998 0.7 07 09 09 10 07 05 04 06 05 07 06
(2006) the Iowa River flow V:1999-2004
(Iowa) (scenario 1)
C: 19952000 07 07 09 08 09 09 03 02 06 05 07 -08
V:2001-2004
(scenario 2)
Grizzetti et al. Parts of four 8,900 Stream Cand V: 0.75 0.86 0.66
(2005) watersheds (U.K.); flow 1995-1999
C: one gauge,
V: two gauges,
annual: 50 gauges
Grizzetti et al. Vantaanjoki 295 Stream Varying 0.81 0.57 0.75
(2003) (Finland); and flow periods to to
C: one gauge, 1,682 0.66 0.81
V: three gauges
Hanratty and Cottonwood 3,400 Stream 1967-1991 0.78
Stefan (1998) (Minnesota) flow
Hao et al. Lushi (China) 4,623 Stream  C:1992-1997 0.87 0.87 0.84 0.81
(2004) Flow  V:1998-1999
Hemnandez Watershed 11, 8.2 Stream 1966-1974 0.33
et al. (2000) Walnut Gulch flow (1 vs. 10 rain and
(Arizona) gauges) 0.57
Heuvelmans 25 watersheds 2.2 Stream  C:1990-1995 0.70 0.67
et al. (2006)" (Schelde River to flow V:1996-2001 to to
basin, Belgium) 209.9 0.95 0.92
Holvoet et al. Nil (Belgium) 32 Stream  Nov. 1998 to 0.53
(2005) flow Nov. 2001
Jha et al. Magquoketa River 4,776 Stream 1981-1990 0.68 0.76 0.65
(2004a)"! (Iowa) flow
Jha et al. Upper Mississippi 447,500  Stream  C: 1989-1997 0.75 0.67 091 091 0.70 0.59 0.89 0.86
(2004b) River (north flow V:1980-1988
central U.S.)
Jhaetal. Upper Mississippi 447,500 Stream  C:1968-1987 0.67 0.58 0.74 0.69 0.82 0.75 0.75 0.65 0.82 0.81 091 0.90
(2006) River (north flow V:1988-1997
central U.S.)
Jhaetal. Raccoon River 8,930  Stream C:1981-1992 0.87 0.87 0.97 0.97 0.89 0.88 0.94 0.94
(2007)™ (lowa); flow  V:1993-2003

Van Meter gauge
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Table 2 (cont'd). Summary of reported SWAT hydrologic calibration and validation
coefficient of determination (R?) and Nash-Sutcliffe model efficiency (NSE) statistics.

Drainage Time Period Calibration Validation
Area (C =calib,, Daily Monthly  Annual Daily Monthly  Annual
Reference Watershed (km’)™  Indicator V=valid) R’ NSE R’ NSE R® NSE R® NSE R® NSE R’ NSE
Kalin and Pocono Creek 98.8 Base C: July 2002 0.30 0.08 0.13 -0.26
Hantush (Pennsylvania) flow to May 2004
(2006)H V: June 2004
to April 2005
(rain gauge)
Surface  (rain gauge) 0.77 0.77 0.83 0.73
runoff
Stream  (rain gauge) 0.74 0.74 0.85 0.83 0.70 0.64 0.81 0.66
flow
Base (NEXRAD) 0.31 0.05 0.06 -0.40
flow
Surface  (NEXRAD) 0.79 0.79 0.84 0.77
runoff
Stream  (NEXRAD) 0.74 0.73 0.85 0.84 0.66 0.62 0.89 0.75
flow
Kang et al. Baran 29.8 Surface C:1996-1997 0.93 0.93 0.87 0.87
(2006)™ (South Korea) runoff  V: 1999-2000
Kannan et al. Colworth (U.K.) 1.4 Stream  C: Oct. 1999 0.60 0.54
(2007b) flow to 2001 and and
V:2001 to 0.61 0.60
May 2002
(CN approach)
(Green-Ampt) 0.51 0.56
and and
0.54 0.51
Kaur et al. Nagwan (India) 9.58 Surface Varying 0.76 0.71 0.83 0.54
(2004) runoff periods
King et al. Goodwin Creek 21.3 Stream 1982-1989 0.43 0.84 0.55
(1999)@ (Mississippi) flow  (curve number)
(Green-Ampt) 0.53 0.69 0.81
Kirsch et al. Rock River 23.2 Stream 1989-1995 0.86 0.41
(2002) (Wisconsin); and flow and and
two gauges 190 0.74 0.61
12 USGS gauges'™ 9,708  Stream Varying 0.28 0.18
flow periods to to
0.98 0.84
Limaye et al Dale Hollow 523 Stream  C: 1966-1990 0.42 0.74 0.45 0.80
(2001) (Tennessee); flow V:1991-1993
subwatershed
Lin and Upper Etowah 1,580 Stream  C: 1983-1992 0.61 0.86 0.62 0.89
Radcliffe River flow V:1993-2001
(2006) (Georgia, U.S.)
Manguerra and Greenbhill (Indiana) 1134 Stream 1991-1995 0.93
Engel (1998)(¢] flow to
1.0
Mapfumo et al. Three watersheds 1.53 Soil C: 1998 0.84 0.77 0.72 0.70
(2004)1 (Saskatchewan) to water  V:1999-2000
2.26 (overall results)
Mishra et al. Banha (India) 17 Surface C: 1996 0.93 0.70 0.99 0.99 0.78 0.60 0.92 0.88
(2007) runoff  V:1997-2001
Moon et al. Cedar Creek 2,608 Stream 1999-2001 0.53 048 0.86 0.78
(20041 (Texas) flow (rain gauge)
(NEXRAD) 0.58 0.57 0.84 0.82
Moriasi et al. Leon River (Texas); 9,312 Stream - 0.66 0.69
(2007) C: seven gauges, flow to to
V: five gauges 1.0 1.0
Muleta and Big Creek 86.5 Stream 1999-2001 0.69
Nicklow (Ilinois) flow
(2005a)
Muleta and Big Creek (Illinois); 239 Stream  C: June 1999 0.74 0.23
Nicklow separate gauges and flow to Aug. 2001
(2005b) for C and V 86.5 V: April 2000
to Aug. 2001
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Table 2 (cont'd). Summary of reported SWAT hydrologic calibration and validation
coefficient of determination (R?) and Nash-Sutcliffe model efficiency (NSE) statistics.

Drainage Time Period Calibration Validation
Area (C =calib., Daily Monthly  Annual Daily Monthly Annual
Reference Watershed (km®>  Indicator V= valid.) R? NSE R? NSE R?> NSE R? NSE R? NSE R! NSE
Narasimhan Six watersheds 10,320  Stream Varying periods 0.75 0.75 0.70 0.70
et al. (2005)1? (Texas), to flow  (overall annual
24 gauges 29,664 average)
(range across 0.54 0.52 0.63 0.55
24 gauges) to to to to
0.99 0.99 1.00 0.97
Nasr et al. Clarianna, Dripsey, 15 Stream Varying 0.72
(2007)4 and Oona Water to flow periods to
(Ireland) 96 091
Olivera et al. Upper Seco Creek 116 Stream  C: 1991-1992 0.67 0.88 0.33 0.90
(2006) (Texas) flow V:1993 to
June 1994
Perkins and Lower Republican 2,569 Stream 1977-1994 0.85
Sophocleous River (Kansas) flow
(1999)™
Peterson and Ariel Creek 394 Stream  May 1992 to 0.04 0.14
Hamlet (Pennsylvania) flow July 1994
(1998) May 1992 to 0.2 0.55
July 1994
(no snowmelt
events)
Plus et al. Thau Lagoon 280 Stream  Sept. 1993 to  0.68
(2006)™ (France); flow July 1996  and
two gauges 0.45
Qi and Sandusky River 90.3 Surface C:1998-1999 0.31 -0.04
Grunwald (Ohio); to water  V:2000-2001 to to
(2005) five gauges 3,240 0.65 0.75
Ground -9.1 -0.57
water to to
0.60 0.22
Total 0.31 0.40
flow to to
0.81 0.73
Rosenberg etal.  Conterminous Water 1961-1990 0.92
(2003)19 u.s. yield  (overall mean)
(18 MWRRs; 1961-1990 0.03
fig. 2) (8-digit means to
by MWRR) 0.90
Rosenthal and Leon River 7,000 Stream 1972-1974 0.57
Hoffman (1999)  (Texas) flow
Rosenthal et al. Lower Colorado 8,927 Stream 1980-1989 0.75 0.69
(1995)Hn. River (Texas); flow
Bay City gauge
Upstream gauges 0.69
to
0.90
Saleh et al. Upper North 932.5 Stream  Oct. 1993 to 0.56 0.99
(2000)™ Bosque River flow Aug. 1995
(Texas);
C: one gauge,
V:11 gauges
Saleh and Du Upper North 932.5 Stream C: 1994 to 0.17 0.50 0.62 0.78
(2004) Bosque River flow June 1995
(Texas) V: July 1995
to July 1999
Salvetti et al. Lombardy Plain 16,000  Stream 1984-2002 0.50 >0.70
(2006) Region (Po River flow
basin, Italy)
Santhi et al. Bosque River 4,277 Stream Varying 0.80 0.79 0.88 0.86 0.92 0.87
(2001a)tHe! (Texas); flow periods and and and and and and
two gauges 0.89 0.83 0.66 0.72 0.80 0.62
Santhi et al. West Fork 4,554  Stream 1982-2001 0.61 0.12 0.88 0.84
(2006) (Texas); flow and and and and
two gauges 0.81 0.72 0.86 0.78
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Table 2 (cont'd). Summary of reported SWAT hydrologic calibration and validation
coefficient of determination (R”) and Nash-Sutcliffe model efficiency (NSE) statistics.

Drainage Time Period Calibration Validation
Area (C = calib., Daily Monthly Annual Daily Monthly Annual
Reference Watershed (km)®  Indicator V= valid.) R® NSE R®* NSE R’ NSE R?> NSE R?} NSE R?> NSE
Schomberg et al. Three watersheds 829to  Stream Varying 0.10 -1.3 035 -14
(2005) (Minnesota); 3,697 flow periods to to to to
two watersheds 028 0.25 0.58 0.49
(Michigan)
Secchi et al. 13 watersheds 2,051 Stream Varying periods 0.76 0.75 091 0.90
(2007) (Iowa) to flow (composite
37,496 statistics)
Singh et al. Iroquois River 5,568 Stream C: 1987-1995 0.79 0.88 0.74 0.84
(2005) (Illinois and Indiana) flow  V:1972-1986
Spruill et al. University of 55 Stream C: 1996 0.19 0.89 -0.04 0.58
(2000) Kentucky ARC flow V:1995
(Kentucky)
Srinivasan et al. Watershed FD-36 0.395 Stream 1997-2000 0.62
(20051 (Pennsylvania) flow
Srinivasan and ~ Upper Seco Creek 114 Stream  Jan. 1991 to 0.82
Arnold (1994) (Texas) flow Aug. 1992
Srinivasan et al.  Richland-Chambers 5,000 Stream C: 1965-1969 087 0.77 0.65 0.52
(1998) Reservoir (Texas); flow  V:1970-1984 and and and and
two gauges 0.84 0.84 0.82 0.82
Srivastava West Fork 47.6 Base C: July 1994 0.51 -0.16 0.29 -1.2
et al. (2006)" Brandywine Creek flow  to Dec. 1997
(Pennsylvania) V:Jan. 1999
to May 2001
Surface 0.38 0.20 0.39 -0.35
flow
Total 0.57 0.54 0.34 -0.17
flow
Stewart et al. Upper North 932.5  Stream C:1994-1999 0.87 0.76 0.92 0.80
(2006) Bosque River flow  V:2001-1902
(Texas)
Stonefelt et al. Wind River 5,000 Stream 1990-1997 091
(2000) (Wyoming) flow
Thomson etal.  Conterminous -- Water 1960-1989 0.96
(2003){cHP} U.S. yield  (overall mean)
(18 MWRRs; 1960-1989 0.05
fig. 2) (8-digit means to
by MWRR) 0.94
Tolson and Cannonsville 37 Stream Varying 0.64 0.59 0.69 0.43 0.88 0.88
Shoemaker Reservoir to flow periods to to to to to to
(2007)tH (New York); 913 0.80 0.80 0.88 0.88 0.97 0.97
six gauges
Tripathi et al. Nagwan (India) 92.5 Surface 1997 (daily) 0.91 0.87 0.97 0.98
(2003) runoff 1992-1998
(monthly)
(June - Oct.)
Tripathi et al. Nagwan (India) 90.3 Surface  1995-1998 0.86
(2006)t! runoff to
0.90
Vaché et al. Buck Creek and 88.2 Stream Varying 0.64
(2002) Walnut Creek and flow periods and
(Iowa) 513 0.67
Van Liew etal.  Little Washita River 29 Stream Varying 0.56 0.66 -0.35 -1.1
(2003a)t" (Oklahoma); to flow periods and and to to
C: two gauges, 610 0.58 0.79 0.72 0.89
V: six gauges
Van Liew and Little Washita River 160 Stream Varying 0.60 0.75 -0.06 0.45
Garbrecht (Oklahoma); to flow periods and and to to
(2003) C: two gauges, 610 0.40 0.71 0.71 0.86
V: three gauges
Van Liewetal.  Little Washita River 160 Stream  Oct. 1992 to 0.55 0.78
(2003b) (Oklahoma); flow Sept. 2000 and and
two gauges 0.59 0.77
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Table 2 (cont'd). Summary of reported SWAT hydrologic calibration and validation
coefficient of determination (R*) and Nash-Sutcliffe model efficiency (NSE) statistics.

Drainage Time Period Calibration Validation
Area (C =calib,, Daily Monthly Annual Daily Monthly Annual
Reference Watershed (km»® Indicator V=valid) R? NSE R® NSE R® NSE R’ NSE R’ NSE R’ NSE
Van Liewetal.  Little River 114 Stream  C: 1997-2002 0.64 0.83 0.66 0.88
(2007)" (Georgia, U.S.); and flow  V:1972-1996 and and and and
two gauges 330 0.71 0.90 0.68 0.89
Little Washita River 160 Stream  C:1993-1999 0.54 0.68 0.13 -0.36
(Oklahoma); to flow V: varying and and to to
three gauges 600 periods 0.63 0.76 0.56 0.60
Mahantango Creek 04 Stream  C: 1997-2000 0.46 0.84 0.35 0.46
(Pennsylvania); and flow V: varying an