BASINS 4.0 — Flexible I ntegration of Components and Data for
Water shed Assessment and TM DL Development

Paul B. Duda, John L. Kittle, Jr., Mark H. Gray, Paul R. Hummd,
Russdll S. Kinerson, Ph.D.*, Paul Coccar, David Wells',
Marjorie Wellman', Ed Partington, Lauren MacWilliams®
AQUA TERRA Consultants
150 E. Ponce de Leon Ave,, Suite 355
Decatur, GA 30030

ABSTRACT

BASINS is a multipurpose environmenta analyss system designed for use by regiond,
date, and locd agenciesin performing watershed and water quaity-based sudies. This
system makes it possible to quickly assess large amounts of point source and nonpoint
source datain aformat that is easy to use and understand. Installed on a persond
computer, BASINS alows the user to assess water qudity at selected stream Sites or
throughout an entire watershed. Thisinvauable toal integrates environmentd data,
andytica tools, and modeling programs to support development of cost- effective
approaches to watershed management and environmenta protection, indluding TMDLS.

The latest release of BASINS isverson 3.1. Like the previous release, BASINS includes
adata extractor, projector, project builder, GIS interface, various GIS-based tools, a
series of models, and custom databases. But instead of induding that deta on multiple
CDsasinverson 3.0, data are available entirdly through a web data extraction tool. This
web data extractor provides atool for dynamic downloading of BASINS datafrom a
variety of sources. Other Sgnificant enhancementsin version 3.1 include anew tool to
archive and restore BASINS projects, updated data holdings, and a tool to update the
BASINS software interactively.

The design of the BASINS 3.1 components lendsitsdf to a more significant restructuring
inthe rlease of verson 4.0. One of the mgor chalenges in the development of BASINS
4.0 will be the accommodation of different GIS software platforms, while removing the
current ArcView software as prerequisite to the use of BASINS. A new software product
inBASINS 4.0 will tiedl of the BASINS components together through a single software
component not based upon any proprietary software package. This new software
component will be known asthe BASINS System Application.

The BASINS 4.0 System Application will encompass al of the exising BASINS
components and more through asingle new interface. Asin BASINS 3.1, independent
access to individua components will till be available, but these components will be tied
together into one interface. The System Application will identify which (if any) ArcView
products are available on the user’ s computer, and will thus indicate the GIS-based
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functiondity available to the user. This design provides amigration path from the
ArcView 3.x components to the ArcView 8.x components.
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BASINS3.1-EVOLVING TO MEET NEW CHALLENGES

Since therelease of BASINS 3.0 in June of 2001, a number of enhancements have been
made to various components. These updates have been packaged as a series of patches to
the BASINS system, available for download from the BASINS web ste. Sincethe first
release of BASINS in 1996, the BASINS system has been distributed as a set of CDs.
The BASINS team has aso observed that data tend to age quickly, and thus the BASINS
CD setsare quickly out of date soon after their release.

Asthe BASINS system has evolved over the past few years, the incremental
enhancements have accumulated. But other factors have resulted in a need to re-package
the entire BASINS system as anew release. The most significant of the changesto the
BASINS sysem isa shift in data digtribution. With unlimited deta available on the

World Wide Web, the static picture of data on CDsis no longer adequate. The new
BASINS release takes advantage of the power of Internet connections to provide much
more dynamic data to the users.

In addition to providing dynamically updated data, severd other trends have influenced
the development of thisincremental release of BASINS. BASINS 3.0 is dependent upon
proprietary software from Environmental Systems Research Ingtitute (ESRI), as most of
the interface is built using the scripting components of ArcView 3x. Since ESRI is
changing the customization environment for its latest release of desktop GIS software
(now known as ArcGlS), the devel opment team has observed that BASINS system
components will be most reusable in future releases of the application if components
evolve away from use of proprietary softwaretools. The core GIS functiondity is being
separated from the rest of the BASINS system components, which will lead to a smoother
evolution to the latest GIS platform.

Other needsidentified by the BASINS team are being met in thisincrementd release.
Users have noted that it is difficult to move a BASINS project from one computer to
another, because each project contains a large number of files distributed throughout a
directory structure. Users have aso noted that archiving projects isimportant, especialy
when the BASINS system is being used in a particularly high-stekes Situation, with
reproducibility and defensbility taking on mgor importance. Another need identified by
the BASINS team is a clearer identity for the BASINS system. The structure of BASINS
3.0 was such that the user would run a number of different programs under different



stuations, which led to confusion about what exactly defines the BASINS system. These
and other needs have been addressed in this incrementd release of BASINS.

The latest release of BASINS isverson 3.1. Likethe previous release, BASINS includes
adata extractor, projector, project builder, GIS interface, various Gl S-based tools, a
series of moddls, and custom databases. But instead of including thet data on multiple
CDsasinverson 3.0, data are available entirdly through aweb data extraction tool. This
web data extractor provides atool for dynamic downloading of BASINS datafrom a
variety of sources. Other sgnificant enhancementsin verson 3.1 include a new tool to
archive and restore BASINS projects, updated data holdings, and atool to update the
BASINS software interactively.

Accessto datain BASINS 3.1 will be web based. The user will either download the core
system from an EPA web sSite or obtain asingle CD containing BASINS software. The
user will then specify a geographic area of interest and the software will download
appropriate data from EPA, USGS and other locations on the Internet. Existing BASINS
userswill be adle to update, from the web, existing BASINS data sets and software by
using BASINS 3.1 components.

BASINS 3.1 Interface

BASINS can be viewed as a set of utility programs, anaytica tools and associated data
under ametaphorical umbrella. A BASINS 3.0 user can run separate software products
based on the stage of the BASINS application process. The component-based design of
verson 3.1 tiesdl of the BASINS components together through a single software
component, the BASINS ArcView interface (Figure 1). While being maintained as
separate programs for development and updating, having the components tied together
through a angle interface gives the metaphoricd umbrdlaover BASINS substance and
form.

Figure 1: The BASINS 3.1 Interface
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Thuswhen usng BASINS, a user may aways proceed by running the BASINS ArcView
interface and then choosing a function within this program. This design daifiesthe
identity of BASINS and ties dl of the BASINS components together as a cohesive whole.
Insteed of running the Data Extractor program, followed by the Project Builder program,
followed by the BASINS GIS interface asin BASINS 3.0, the user may aways begin a
BASINS session by clicking on the BASINS desktop icon. From that point the user
chooses whether to begin anew BASINS project or open an existing project. Software
components are available to run separately if desired, but each component has a menu
item within the BASINS interface so that each component may be accessed from the
same interface.

Web-Based Data Extractor

With BASINS 3.1 being released unencumbered by the extensve BASINS data holdings,
one of the most Significant changesfor aBASINS user isin setting up anew BASINS
project using the BASINS data holdings accessed through the World Wide Web. In
creating anew BASINS project, the user opens BASINS and chooses to create a new
BASINS project. Doing so invokes a GIS interface displaying the 48 contiguous United
States, the counties within those states, and the 8-digit hydrologic units or HUCs (Figure
2).

Eis Edt e Jhems [mepher Bid alredom  Help
- :

=101 =]

(B (2] s @1z 15 (el eie) [:

& Coriskging UnH Bausdanse 1=

| Conmy Boundaisr

o] ol Bausdadaa

Ceale 1] Z 172477 TH 1A T




From this interface a user may, using the sandard ArcView map tools, zoom to any
portion of the map and salect aregion of interest. That region may be one or more
HUCs, counties, or gtates (Figure 3).

Figure 3: The Data Extractor with one HUC sdlected
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To create anew BASINS project, the user sdlects a particular menu item in the interface.
BASINS prompts for the name of a project folder to create and the project name (Figure
4). The user isaso prompted for amap projection to use for that project.

Figure 4: The Data Extraction Diaog
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At this point, the ArcView interface invokes a new tool, known as the Web Data
Download tool.  Program control has left the ArcView interface, afact which is not
important for the user to know but which will alow for esser migration for later releases
of BASINS. The Web Data Download tool (Figure 5) finds the appropriate data from
among the core BASINS data holdings and downloads that data.




Figure 5: Downloading the BASINS Core Data
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Once the BASINS data are downloaded, they are extracted and projected to the user
specified map projection. Once the projection change is accomplished, the new project
file (the ArcView .gor file) is automatically built. Wherethe BASINS 3.0 user ran a
separate program to build the project file, that function is combined with the Data
Extraction Tool.

BASINS 3.1 Web Data Download T ool

A new Web Data Download tool in BASINS 3.1 alows the user to add additiona datato
the BASINS project from a variety of data sources. Since data available on the web are
not static, thistool alows a user to check for more recent data and update the BASINS
project data as appropriate.

The Web Data Download tool is accessed through a menu option within the BASINS GIS
interface (Figure 6). Thetool itself is a separate executable program.

Figure 6. Invoking the Web Data Download tool
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When the Web Data Download todl is started, awindow appears listing al of the
avalable data types that the tool may add or update. The list of data typesis determined
a run-time, so thislist may expand as new data-type components are created (Figure 7).

Figure 7. Web Data Download Window
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The user chooses as many of the datatypes as desired, and the tool accesses the specified
data through the World Wide Web and adds the data to the BASINS project.

A key feature of BASINS Web Data Download's architecture is the separation of each
data type into individual components. Thus, for each data type available for downloading,
thereisaunique Dynamic Link Library (DLL). This greatly enhances the ability to
maintain the entire Web Data Download program. If a data type's web storage is changed
such that the code also requires changing, only the DLL for that data type will need to be
updated and distributed, not the whole Web Data Download program.

Thistool provides greet flexibility in pulling data from avariety of sources. Instead of
digtributing al BASINS data through a specidly compiled BASINS data holding, the
data can be retrieved from the source of the data directly. This design makesthe
BASINS system easer and less expengve to maintain, snce it diminates having another
copy of each dataset in the BASINS data holdings. In addition, updates to the data are
available as soon as the agency producing the data makes the update available, making
the most updated data available directly to the user.

Interactively Checking and Installing Softwar e Updates for BASINS 3.1
The BASINS Web Data Download tool has a built-in function for ingtaling updates to

any of the BASINS components. This feature alows the user to interactively check a
particular server for components of the BASINS ingtallation that have been updated; and



if any are found, download and ingtall those updates. Through this festure the BASINS
users can be assured that are running the most up-to-date software.

The ‘Check for Updates feature is run from a menu option in the Web Data Download
tool. When that menu option is selected, awindow entitled ‘ Check for Software
Updates will appear (Figure 8). The Server URL defaults appropriately to the web
location of the updates since the previous software release.

Figure 8: The Check for Updates Window
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If there are any updates posted on the server, awindow will appear listing the updates
that are available to be ingtdled (Figure 9). By default dl available updates are checked;
if the user wishesto ingal only certain updates he or she may un-check any of the
updates. Clicking on the ‘Details button provides details of that component, which may
be useful in heping the user determine if that particular update is relevant to that user,
given which functions the user may or may not be using. Clicking ‘OK’ beginsthe
process of automaticaly downloading and ingtdling updates.

Figure9: TheLig of Available Updates
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Since thisfeature is part of the Web Data Download toal, it is not tied to ArcView, and
thusit has the inherent flexibility to migrate to future versons of BASINS,

BASINS 3.1 Archive and Restore Tool

A BASINS project conssts of amultitude of files, including GIS data layers, tables, and
mode input and output files. The Archive and Restore Tool, new for BASINS 3.1,
provides ameans to easily archive the current state of a BASINS project and restore it at
alater time. The project can be restored on the same or another computer, and it may be
restored under the same or a different name.



The Archive and Restore tool is accessed through an ArcView extenson. A menu option
within the BASINS GI S interface provides the means to invoke this tool (Figure 10).
Like the Web Data Download toal, the tool itsdlf is a separate executable program.

Figure 10: Accessing the Archive and Restore Tool
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When the Archive and Restore toal is invoked, awindow appears giving the user options
to archive a project, restore a project, view and compare archives, and build anew
BASINS project (Figure 11). The View/Compare option is ussful for seeing and
understanding the differences between various archived projects. These differences may
be seen as alig of fileswith differences or, for map layers, viewed on amap with
differences highlighted. The Build function isa utility incdluded so that the user may

build anew BASINS project from an existing BASINS core data set.

Figure 11: The Archive and Restore Tool
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AsBASINS projects, with their associated modd scenario, get more and more complex,
the Archive and Restore tool is useful for keeping precise records of the BASINS
gpplication process. A moded application where much is at stake, such asis often the
casein TMDL determinations, must be reproducible. Having steps of the BASINS
project archived, where one could return to any of the steps at alater time, provides grest
assstance to the BASINS user. The software architecture of thistool alowsfor easy
migration from BASINS 3.1 to later releases of BASINS.

Model Parameter Optimizer Tool

In order to assst with modd calibration, BASINS 3.1 dso indudes an integration of the
PEST modd independent parameter optimizer. Targeted initidly toward the HSPF
model, BASINS-PEST takes an HSPF User Control Input (UCI) file (along with
specification of Smulated and observed data sets) and creates dl input files needed by
PEST. PEST can then be run from within BASINS. Detailed knowledge of PEST and
HSPF are essentia for successful gpplication, but much of the tedium of setup has been
removed. The HSPF code has been updated to support the use of PEST supplementa
files. With the enhanced HSPF code, it is dso possible to have PEST update timeseries
multiplication factors and FTABLES in HSPF UCI files.

BASINS4.0—- A NEW BEGINNING

The design of the BASINS 3.1 components lends itself to a more sgnificant restructuring
in the next release, to be known as BASINS 4.0. One of the mgor challengesin the
development of BASINS 4.0 will be the accommodation of both ArcView 3.x and
ArcGIS 8 as GIS andysistools, while removing ArcView software as prerequidte to the
use of BASINS. A new software product in BASINS 4.0 will tiedl of the BASINS
components together through a single software component not based upon any
proprietary software package. This new software component will be known as the
BASINS System Application.

The BASINS 4.0 System Application will encompass dl of the existing BASINS
components and more into asingle new interface. Asin BASINS 3.1, independent
access to individua components will sill be available, but these components will be tied
together into one interface. The System Application will identify which (if any) GIS
software products are available on the user’ s computer, and will thus indicate the GIS-
based functiondity available to the user. This design provides a migration path from the
ArcView 3.x components to the ArcView 8.x components.

The dominant graphica feature within the BASINS 4.0 System Application will be an
interactive map of the United States. The map will show 8-digit HUC boundaries aong
with state and county boundaries, highlighting those 8-digit HUCs where BASINS
projects exist on the user's computer. Selecting a particular HUC (or in some cases an



exigting project within aHUC) dlows the user to proceed into any of the BASINS
components.

A key advantage to this approach is the remova of ArcView 3.x asaprerequisite to the
use of BASINS, while dlowing its continued use. The BASINS system will be available
with limited GIS functiondity to a user without either ArcView 3 or ArcGIS. All of the
functiondity from the BASINS 3 ArcView interface will il be available, while
components for ArcGIS can be developed over time and rolled out to the user
community. Specific BASINS functionality will require prerequisite GIS products, just
as Spatia Andys isindicated as prerequisite to some functions of BASINS 3.

The dominant feature of the new BASINS System Application will be a map showing the
48 contiguous states and the 8-digit HUCs (Figure 12). The HUCs containing existing
BASINS projects will be highlighted. Userswill be able to turn alayer of county

boundaries on or off and identify festures from a selected layer using the ‘hold-over’
tool-tip text. Thismap will not use any proprietary mapping tools, so this gpplication

will not require any run-time licensaing.

Figure 12: The BASINS 4.0 System Application
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To theleft of the map will be alist of the current BASINS datasets, or watersheds, on the
user’s computer. A BASINS watershed is defined as any BASINS data set that has been
downloaded and extracted, and thus will correspond to the directories of the



/BASINS/datafolder. The watershedswill be listed in atree diagram, and within each
watershed will be listed the  Projects’ within that watershed. Theterm ‘Project’ will be
defined as any saved filefrom aBASINS tool or modd, including the BASINS .apr for
ArcView 3.x, the .mxd for ArcView 8%, the GenScn .dafile, the HSPF UCI file, and
gatusfilesfrom SWAT, PLOAD, and AQUATOX. There may be more than one of each
of these per watershed, because a user may have several projects, representing different
subsections of the same HUC or different modd smulation scenarios, within one
watershed. Double-clicking on aproject will open that project.

Above the Watersheds list will be a series of command buttons that apply to the
Watershedslist. The ‘Build’ button will be used to extract awatershed or create a new
Project. If no watersheds are sdlected in the Watersheds list, but one or more HUCs are
selected on the map, aclick of the ‘Build” button implies that the user wants to extract a
watershed. Doing so will prompt the user for the name of the new watershed and the map
projection to use. The new watershed will be added to the Watershedsligt. If a
watershed is selected in the Watersheds list when the ‘Build' button is clicked, the
software will assume that the user wantsto create anew Project. A message box will
prompt the user to specify whether the new Project should be type ‘ArcView 3,
‘ArcView 8, or ‘GenScn’. If ‘ArcView 3 or *ArcView 8 is specified, the equivalent of
the BASINS 3.0 Project Builder will berun. If ‘GenScn’ is specified, anew GenScn
project will be created.

Another command button associated with the Watersheds list will bea‘Delete’ button.
This button will be used to delete awatershed or project, depending upon which is
sdlected in the Watersheds list. The user will be prompted to confirm the request before
anything isdeleted. If nothing is selected in the Watersheds list, the user will be asked to
specify awatershed or project to delete.

The‘Re-Project’ button will be used to re-project the GIS data of an existing watershed,
and save the re-projected data under a new watershed name. If no watershed is selected,
clicking the ‘Re-Project’ button will result in a message prompting the user to specify
which watershed to re-project.

Three additional command buttons associated with the Watersheds list will be the
‘Archive, ‘Restore’, and * Compare’ buttons. With an ArcView 3 project selected, the
‘Archive command will gart the Archive tool with the specified project. Clicking the
‘Restore’ button will start the Restore tool. Once a BASINS project isrestored it will be
reflected in the Watersheds list. The ‘Compare’ button will invoke the Compare function
within the Archive/Restore tool. The Compare tool requires two BASINS projects
sdlected. If one BASINS project is selected in the Projects list, the user will be prompted
to select the other project for comparison.

To the right of the map will be two frames, each containing command buttons. Each of
these frames will be populated at run-time based upon the software available on the
user’scomputer. The‘Tools frame will contain buttons including ‘ Data Download',
‘ArcView 3, ‘ArcView 8, ‘GenScn', and “WDMULI'. Each of these buttons will be



used to invoke the respective program. The ‘Data Download’ button will be used to run
the data download tool, pulling data to put into an existing BASINS project. The ‘Data
Download’ button will be available when one and only one BASINS project is selected.
The‘ArcView 3, ‘ArcView 8, and ‘GenScn' tools relate to specific projects; thusif one
project of the type corresponding to that tool is seected in the Projects list, the program
will open with that project active.

Also to the right of the map will bethe ‘Modds frame. Thisframewill contain
command buttons including WinHSPF, SWAT, PLOAD, and AQUATOX, depending
upon the software ingtaled on the computer. Additiona models will be added as they
become available (see below). The available mode s will be found at run-time,

Upon start-up of the BASINS System Application, the 8-digit HUCs corresponding to the
user'sBASINS Projects will be highlighted. In another color the current 8-digit HUC(s)
will be highlighted sgnifying the current selected HUC(s). The Watersheds list will be
linked to the map, so that when aHUC is sdected on the map the corresponding
watersheds are highlighted. Note that there may be more than one ‘watershed’ per HUC,
sance the same watershed' s data may be stored multiple times for multiple projections. 1
the user clicks on a HUC with which multiple watersheds are associated, the user will be
prompted to select a particular watershed.

Class Ar chitecture

The extension architecture, integral to BASINS since version 3.0, dlows for the addition
of other models without re-releasing the core software. A amilarly extensble
architecture will alow tools and models to be added at runtime for BASINS 4.0.

A BASINS 4.0 tool or modd will implement a generic interface defined through a Visud
Basc class. Each tool or modd will have its own class. Code specific to the tool will
reside in the class dong with standard properties and methods used by the BASINS
System Application and other components. Tools will be discovered at runtime, alowing
tools to be added or updated independent of the BASINS core system.

Smilarly, aVisua Basic class will implement an interface to the BASINS Watershed.
This dass will be used to hold information about each watershed. When the BASINS
System Application is sarted, the BASINS Watersheds on a system are inventoried and
the classis built for eech watershed. Thisinformation is displayed in the System
Application and passed to aBASINS Tool when it isinvoked.

Thisflexible dass-based architecture is especidly important for the BASINS system,
which combines dynamic data sources with a suite of models. The data continualy
evolve, as do the modd s as different agencies or organizations continualy enhance and
refinethese tools. The software architecture of BASINS 4.0 provides the flexibility
needed to keep BASINS dways at the leading edge of watershed assessment and TMDL
development systems.



The BASINS 4.0 ArcMap Toolbar

One of the most significant enhancementsin BASINS 4.0 will be support for ArcGIS 8.
A custom GISinterface for BASINS will be available in ArcGI S through atoolbar in
ArcMap. The BASINS Toolbar (Figure 13) will contain menus for accessing the suite of
BASINS GIS functions.

Figure 13: The BASINS Toolbar in ArcMap
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The software underlying each menu option in the BASINS toolbar will be packaged asa
separate DLL, providing flexibility in the structure of the toolbar, aswell as

expandability as other tools or modds are added in the future. Each menu option will
invoke atool developed in Visud Badc, usng ESRI’s ArcObjects for GIS functions. All
of the tools and models will share a common component for interacting with ArcObjects.
This design enforces a clear separation between tool components and GIS functions.
This separation will help accommodate future updates to ESRI’s ArcObjects since only
one component would need to be updated. Should BASINS ever move away from using
ESRI products, this design even provides a clear migration path for using core GIS
functions from other GIS packages.



The HSPF tool, known as ‘BASINS HSPF for ArcGIS, isthe first of the menu optionsto
be implemented (Figure 14). The user interface for this tool was developed using Visud
Basic, making use of anumber of Visua Basic custom controls and utilities developed

for other BASINStools.

Figure 14: BASINS HSPF for ArcGIS
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Through thisinterface the user specifiesthe GIS layers and fidds within those layers to
be used in setting up anew HSPF project. The flexible design of thistool alowsfor use
of datalayers developed outside of BASINS in setting up HSPF.

CONCLUSIONS

The flexible desgn of BASINS components provides a smooth migration path to
BASINS4.0. BASINS has been presented with a considerable challenge in the
trangtion from ArcView 3 to ArcGIS 8, but the core BASINS system has flexibility in its
design. Enhancements provided in BASINS 3.1 will migrate to the new BASINS 4.0,

keeping BASINS at the leading edge of watershed assessment and TMDL devel opment
systems.
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