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BASINS 4.0: OVERVIEW AND RECENT DEVELOPMENTS

Paul B. Duda, Daniel P. Ames, Ph.D., and James N. Carleton, Ph.D.!

ABSTRACT: The U.S. Environmental Protection Agency's (EPA's) Better Assessment Science Integrating Point and
Nonpoint Sources (BASINS) is a multipurpose environmental analysis system designed for use by regional, state, and local
agencies performing watershed and water quality-based studies. It was developed by the EPA's Office of Water to facilitate
examination of environmental information, to support analysis of environmental systems, and to provide a framework for
examining management alternatives. BASINS integrates environmental data, analytical tools, and modeling programs under
a Geographic Information System (GIS) environment to support development of solutions to watershed management
problems and environmental protection issues, including development of Total Maximum Daily Loads (TMDLs).

The current release of BASINS, version 4.0, is the first to be based primarily on a non-proprietary, open-source GIS
foundation. By using open-source GIS tools and non-proprietary data formats, the core of BASINS is now independent of
any proprietary GIS platform while still accommodating users of several different GIS software platforms. The use of open
source software provides BASINS with greater stability and transparency because the source code for all components is
available to developers and end users.

The open-source framework of BASINS is designed around an extensible architecture that readily allows for the addition
of new capabilities. BASINS encompasses a growing suite of watershed and water quality models, from sophisticated broad-
spectrum watershed models to agricultural models to planning and management level models. New data types and analysis
tools also continue to be added to BASINS. Most of these additions are in the form of plug-ins, allowing BASINS
capabilities to expand without issuing a new release each time a new feature is added. This flexibility enables BASINS to
continue evolving to meet the changing needs of the watershed management community.

KEY TERMS: BASINS, Open GIS, Watershed Modeling, Environmental Databases, Modeling

INTRODUCTION

The U.S. Environmental Protection Agency's (EPA's) Office of Water developed BASINS (US EPA, 2007) as a
multipurpose environmental analysis system. As a multipurpose system, BASINS (http://www.epa.gov/waterscience/basins/)
was designed to support watershed and water quality-based studies by facilitating examination of environmental information,
by supporting analysis of environmental systems, and by providing a framework to examine management alternatives.
BASINS encompasses a suite of watershed models, from sophisticated broad-spectrum watershed models to agricultural
models to planning and management level models, plus supporting tools and data, all within one package.

The main interface to BASINS is provided through a Geographic Information System (GIS). Because GIS combines
mapping tools with a database management system, it provides the integrated framework necessary to bring modeling tools
together with environmental spatial and tabular data. Version 4.0 of BASINS (Kittle, 2006) is the first to be primarily based
on a non-proprietary, open-source GIS foundation. By using open-source GIS tools and non-proprietary data formats, the
core of BASINS is now independent of any proprietary GIS platform while still accommodating users of several different
GIS software platforms. BASINS 4.0 is built as an extension to MapWindow, a non-proprietary, open-source GIS
(http://www.MapWindow.org).

The extensibility of MapWindow is one of the main reasons why it was chosen as the GIS foundation for BASINS.
MapWindow can be extended with plug-in components written in any Microsoft NET language. The plug-in interface
allows third-party developers to create plug-ins that become fully integrated into the BASINS interface. Plug-ins may be
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written to add additional functionality (models, special viewers, hot-link handlers, data editors, etc.) to BASINS, and may
then be passed along to other clients and cooperators.

BASINS DATA

The BASINS system includes a tool, known as the BASINS Data Download tool, for downloading and extracting a set
of databases that facilitate watershed analysis and modeling. Some of the data downloaded using this tool have been
preprocessed for use in BASINS. These data provide a starting point for watershed analysis, but users are encouraged to add
additional data sets where locally derived data may be at a higher resolution or compiled more recently. Other data that can
be downloaded using the Data Download tool have not been preprocessed and are extracted directly from the agency
responsible for collecting the data.

Since version 3.1 (US EPA, 2004) the BASINS system has included a tool for dynamically downloading data from an
additional set of sources. In addition to downloading the BASINS data from the EPA web server, the Data Download tool
(Figure 2) provides links to the federal agencies where certain data types are hosted, as well as tools to download the data and
convert them into forms usable by BASINS. Since data available on the web are not static, this tool allows a user to check
for more recent data and update the BASINS project data as appropriate.

When the Data Download tool is started, a window appears listing all of the available data types that the tool may add or
update. The list of data types is determined at run-time, so this list may expand as new data-type components are created.
The user chooses as many of the data types as desired, and the tool accesses the specified data through the World Wide Web
and adds the data to the BASINS project.
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Figure 2. The BASINS Data Download Tool

A key feature of BASINS Web Data Download tool’s architecture is the separation of the list of data types into
individual components. For each data type available for downloading, there is a unique Dynamic Link Library (DLL). This
design allows the list of data types to be populated at runtime, but it also greatly enhances the maintainability of the Web
Data Download program. Very often the way the data are hosted on a web site changes over time. With this design, if a data
type's web storage is changed, only the DLL for that data type will need to be updated and distributed, not the whole Web
Data Download program.

This tool provides great flexibility in pulling data from a variety of sources. Instead of distributing all BASINS data
through a specially compiled BASINS data holding, the data can be retrieved from the source of the data directly. This
design makes the BASINS system easier and less expensive to maintain, since it eliminates having another copy of each
dataset in the BASINS data holdings. In addition, updates to the data are available directly to the user as soon as the agency
producing the data makes the update available.

BASINS continues to have new data sources added to it. One notable recent addition is access to an updated
meteorological database. BASINS previously accessed a meteorological database containing just fewer than 500 stations
across the U.S. through the year 1995. It now accesses a database with over 15,000 stations, with over 6,500 of them
containing hourly precipitation records through the year 2006. Other new data sources available for download and use in
BASINS include NHDPIus (EPA & USGS’s enhanced hydrography dataset - http://www.horizon-systems.com/nhdplus/),
NLCD 2001 (national land cover dataset from the Multi-Resolution Land Characteristics Consortium -
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http://www.mrlc.gov/), and Modernized Storet (EPA’s water quality, biological and physical dataset -
http://www.epa.gov/storet/).

MODELS UNDER THE BASINS ‘UMBRELLA’

BASINS encompasses a suite of water quality models, ranging from sophisticated watershed and agricultural models to
planning and management level models. Given this suite of tools, the user has the flexibility to choose the model and tools
best suited for the requirements of the study.

All but the most simplistic of the models within BASINS are loosely coupled to BASINS through Plug-ins that prepare
data for the core models, while the core models continue to be maintained by the corresponding model’s development team.
Since the core models are maintained separately from BASINS, updates to the core models come from the model developers
themselves. Because BASINS provides an over-arching structure to support users of these models, the BASINS development
team sometimes refers to the models available within BASINS as models under the BASINS ‘umbrella’. Each model under
the BASINS ‘umbrella’ has been incorporated in collaboration with that model’s development team.

The original release of BASINS 4.0 included three models. Two of these models, HSPF and PLOAD, allow the user to
simulate the loading of pollutants and nutrients from the land surface, and the other model, AQUATOX, is used to simulate
aquatic ecosystems.

The Hydrological Simulation Program Fortran (HSPF) (Bicknell, et al., 2005) is a continuous simulation watershed
model that simulates non-point source runoff and pollutant loadings for a watershed and performs flow and water quality
routing in stream reaches. HSPF can be used to estimate non-point source loads from various land uses, as well as fate and
transport processes in streams and lakes. A BASINS plug-in allows the user to define which GIS and time series data shall
be used in the HSPF model, extract appropriate information for the preparation of HSPF input files, and create the formatted
model input. A Windows interface to HSPF, known as WinHSPF, was created for BASINS and works with the EPA-
supported HSPF model. The core HSPF model is maintained separately from the plug-in, and can be updated without
changing any other component of BASINS.

The BASINS Pollutant Loading Estimator (PLOAD) is a simplified GIS-based model originally developed by CH2M
HILL for calculating pollutant loads from watersheds. PLOAD estimates non-point loads (NPS) of pollution on an annual
average basis for any pollutant specified by the user. PLOAD was designed to be simple so that it can be applied as a
screening tool in typical watershed assessment or reservoir protection projects. As it operates on an average annual basis, it
is not a continuous simulation model. Land use and point source data for PLOAD are provided with BASINS, and sub-
watersheds can be provided using the BASINS watershed delineation tools. Unlike the other models in BASINS, PLOAD is
entirely a BASINS plug-in. There is no executable model underneath the PLOAD interface running in its native language.

AQUATOX (USEPA, 2004) is a chemical fate and ecological effects assessment model that simulates the simultaneous
impacts of multiple environmental drivers and stressors on organisms in aquatic food webs. AQUATOX can simulate the
impacts of nutrients, organic toxicants, and bio-accumulative compounds, as well as expected ecosystem responses to
changes in pollutant concentrations. A BASINS plug-in allows the user to define the stream segment and associated GIS data
to be used in the AQUATOX model, extract appropriate information for the preparation of AQUATOX input, and pass that
information on to the AQUATOX user-interface. Additionally, a feature of WinHSPF allows a user to write time-series
output from the HSPF land surface simulation to feed the AQUATOX model. The core AQUATOX model and its user
interface are maintained separately from BASINS, and thus these components can be updated without updating BASINS.

Additional Models

Since the initial release of BASINS Version 4.0, several additional models have been added to the modeling suite in
BASINS, including USDA’s Soil and Water Assessment Tool (SWAT), EPA’s Storm Water Management Model (SWMM)),
and EPA’s Water Quality and Analysis Simulation Program (WASP). Each of these established models is being incorporated
into the BASINS system through a plug-in, developed in collaboration with the model developer. The plug-in for each model
uses the BASINS GIS and meteorological data to assemble the required model input.

Additional models can be added to BASINS 4.0 provided that the plug-in for that particular model is developed in a .Net
compatible language following a few simple naming requirements so that the new plug-in is recognized by the BASINS
system. When adding a new model to BASINS, the coordination with the BASINS development team can be extensive or
limited, depending upon the needs of a particular model development community. Some coordination is required to make the
plug-in a part of the BASINS distribution package, but a development group may choose to build a plug-in that may be
installed following a BASINS installation without making that plug-in part of the full BASINS distribution package.
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EPA’s Storm Water Management Model (SWMM)

The EPA Storm Water Management Model (SWMM) (Rossman, 2007) is a dynamic rainfall-runoff simulation model
used for single event or long-term (continuous) simulation of runoff quantity and quality from primarily urban areas. The
runoff component of SWMM operates on a collection of sub-catchment areas that receive precipitation and generate runoff
and pollutant loads. The routing portion of SWMM transports this runoff through a system of pipes, channels,
storage/treatment devices, pumps, and regulators. SWMM is widely used throughout the world for planning, analysis and
design related to storm water runoff, combined sewers, sanitary sewers, and other drainage systems in urban areas, with many
applications in non-urban areas as well. In addition to modeling the generation and transport of runoff flows, SWMM can
also estimate the production of pollutant loads associated with this runoff.

The BASINS/SWMM Setup Plug-in (Figure 4) allows a user to set up a SWMM project using the GIS and
meteorological time series data available within BASINS. This plug-in is normally used in conjunction with existing
shapefiles of sub-catchments, conduits, and nodes, as might be available for an existing storm or sanitary sewer system. The
GIS layers of sub-catchments, conduits, and nodes may also be created using the BASINS watershed delineation and/or
shapefile editing tools.
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Figure 4. The BASINS/SWMM Plug-in User Interface

When using BASINS/SWMM to build an initial SWMM Project File, the sub-catchments, conduits, and nodes are
provided as input GIS layers. A land use layer may be specified, and this layer will be used in computing the area of each
land use within each sub-catchment. A met data layer may also be specified, from which the user may select particular
stations to use to supply time series of precipitation, air temperature, and evaporation. Land use and meteorological data
layers may be downloaded using the BASINS Download Data tool.

The BASINS/SWMM Plug-in was a collaborative effort among the EPA BASINS development team and the EPA
SWMM development team. Having SWMM available within BASINS expedites the set-up process for a SWMM user, and it
expands the BASINS suite of models to include a premier urban drainage model.

EPA’s Water Quality and Analysis Simulation Program (WASP)

The EPA Water Quality Analysis Simulation Program (WASP) (Ambrose, et al., 1993) is a dynamic compartment-
modeling program for aquatic systems, including both the water column and the underlying benthos. This model helps users
interpret and predict water quality responses to natural phenomena and manmade pollution for various pollution management
decisions. WASP also can be linked with hydrodynamic and sediment transport models that can provide flows, depths
velocities, temperature, salinity and sediment fluxes.

The BASINS/WASP Setup Plug-in (Figure 5) allows a user to set up a WASP project using the GIS and time series data
available within BASINS. BASINS allows the user to build a new project and open WASP directly from the BASINS user
interface. The NHDPlus Flowline Features, a GIS layer that is part of the NHDPlus download, are used by this plug-in. A
met stations layer, such as that created by the Data Download tool when downloading meteorological data, is useful for
locating possible met stations for the WASP model. As the BASINS/WASP Plug-in loads, the meteorological data are
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scanned to build the lists of available met data, and the other types of time series data in BASINS are scanned to build lists of
available time series for input flows, loads, and boundary conditions.
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Figure 5. Segmentation Specification through the BASINS/WASP Plug-in User Interface

WASP segmentation is specified through the BASINS/WASP Plug-in user interface, to specify the properties of the
WASP segments to be modeled. A travel time is estimated for each stream segment, and the user has the option to combine
or divide segments as desired based on travel time.

The BASINS/WASP Plug-in was a collaborative effort among the EPA BASINS development team and the EPA WASP
developers at EPA Region 4. Having WASP available within BASINS expedites the set-up process for a WASP user, and it
expands the BASINS suite of models to include an established dynamic water quality model.

USDA’s Soil and Water Assessment Tool (SWAT)

The Soil and Water Assessment Tool (SWAT) model (Neitsch, et al., 2005) is a physically based continuous simulation
watershed model developed by the USDA Agriculture Research Service (ARS). SWAT is often used to predict the impact of
land management practices on water, sediment, and agricultural chemical yields. The model can be used on complex
watersheds with varying soils, land use, and management conditions.

SWAT was available in BASINS 3.1 as an ArcView extension, built using the Avenue scripting language. Since the
user interface was closely tied to the ArcView scripting language, the effort involved in adapting this interface for
MapWindow has been more extensive, and thus a SWAT plug-in was not available in the initial release of BASINS 4.0.

The SWAT interface in BASINS 4.0 is designed to set up SWAT input files using BASINS watershed delineations and
data sets. BASINS data including land use, soils, reach data, meteorological data, and pollutant characteristics can be used,
or the user can provide custom data. SWAT input files can be modified through BASINS to facilitate the calibration of the
model based on site-specific conditions and data sources.

The BASINS/SWAT Plug-in provides input files that are sent to the SWAT executable file for simulation. The SWAT
model itself is distributed in its native language. This design provides a fully integrated SWAT model, while still preserving
the SWAT algorithms independently so that they can be maintained and enhanced outside of BASINS.

The BASINS/SWAT Plug-in was a collaborative effort among the EPA BASINS development team and the SWAT
developers at Texas A&M University. Having SWAT available within BASINS expedites the set-up process for a SWAT
user, and it expands the BASINS suite of models to include another sophisticated watershed model.

SPECIALIZED ANALYSIS TOOLS

BASINS 4.0 also includes an expanding suite of specialized analysis tools. One of the more recently added analysis
tools is the Climate Assessment Tool (CAT). CAT provides a flexible set of capabilities for representing and exploring
climate change and its relationship to watershed science. Tools have been integrated into the BASINS system allowing users
to create climate change scenarios by modifying historical weather data, and to use these data as the meteorological input to
the HSPF watershed model. A capability is also provided to calculate specific hydrologic and water quality endpoints
important to watershed management based on HSPF model output (e.g. the 100-year flood or 7Q10 low flow event). Finally,
the CAT can be used to assess the outcomes of a single climate change scenario or to automate multiple HSPF runs to
determine the sensitivity or general pattern of watershed response to different types and amounts of climate change.
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Users can modify historical climate data using standard arithmetic operators applied monthly, seasonally or over any
other increment of time. Increases or decreases in a climate variable (precipitation, air temperature) can be applied
uniformly, or they can be selectively imposed on only those historical events that exceed (or fall below) a specified
magnitude. This capability allows changes to be imposed only on events within user-defined size classes and can be used to
represent the projected effects of 'intensification' of the hydrologic cycle, whereby larger precipitation events intensify,
instead of events becoming more frequent. In addition, users are able to create time series that contain more frequent
precipitation events. These capabilities provide users with an ability to represent and assess the impacts of a wide range of
potential future climatic conditions and events. An example of the CAT window is shown in Figure 6.
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Figure 6. The BASINS Climate Assessment Tool (CAT)

CONCLUSIONS

In order to meet the ever-changing needs of water resource investigations and to maximize the use of available
information, the design of a watershed analysis system must support the addition of new data and new techniques for
analyzing that data. BASINS, through its extensible component-based architecture, is a dynamic system with capabilities
that have increased as technology has allowed and needs have demanded.

With the extendable architecture of BASINS 4.0, its open-source plug-in framework and growing number of data
sources, more than ever there is recognition that collaborative development between model developers and the BASINS team
benefits all involved. As a model is incorporated into BASINS it becomes easier to set up, resulting in expanded user
communities and improved model user experience. At the same time, as the suite of models and analysis tools under the
BASINS ‘umbrella’ continues to grow, the user has increased flexibility in choosing the software tools best suited for a
particular study.
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