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ABSTRACT
In order for conservation practices to be installed most ef-

fectively, watershed planners need to consider numerous factors
such as hydrology, topology, and farming practices. Flat maps,
however, may not give decision-makers sufficient perspective to
determine the best location for a particular conservation prac-
tice. Geographic information systems (GIS) and virtual reality
modeling language (VRML) can be used to generate a three-di-
mensional environment for a watershed. This view identifies
spatial relationships in the watershed and can help direct the
planning, installation, and maintenance of conservation prac-
tices. This paper explains the usefulness of VRML in the pro-
motion of properly placed best management practices (BMPs).
A three-dimensional environment for the Lake SpringfieldWa-
tershed, in central Illinois, was created using GIS and VRML.
A 30-m resolution digital elevationmodel (DEM)was utilized as
the base for creating the topological layer for the three-dimen-
sional environment. Other spatial points of interest included
slope, land use, hydrology, soil type, roads, and cropping type.
An additional benefit of viewing an environment in three-di-
mensions is that it provides watershed groups with a visual in-
ventory of existing BMPs. This can be used to highlight conser-
vation achievements and demonstrate the need for additional ef-
forts.

THE three-dimensional computer environment is an inno-
vative and useful way to look at natural resource conser-

vation. This environment lends itself to viewing the installed
practice with the �lay of the land� and potential locations for
highly effective best management practices (BMPs). Proper
placement of BMPs is important to conserve soil, improve
water quality, and reduce unwarranted costs for an ineffective
practice. Placing data in a three-dimensional view improves
perception to viewers and may aid in demonstrating the need
for additional BMPs.
Three-dimensional viewing of real-world phenomenon

gives researchers and decision-makers a perspective not seen
with flat maps. Virtual reality modeling language (VRML)
makes this type of visualization possible. Viewing the loca-
tion of a grass buffer strip near a stream on a flat mapmay give
the viewer a perception of a properly installed BMP. When
viewed in the three-dimensional environment, the grass buffer
strip may not be as effective due to the steepness of slope lead-
ing to the stream. In this case, the three-dimensional envi-
ronment aids in determining the suitability of the installed
BMP and what other alternatives should be explored.
Virtual reality modeling language is an effective visual-

ization tool for many different types of spatial relationships

and features. MacArthur and Olson (2000) studied the appli-
cation of VRML in a higher education curriculum. They
found that students enjoyed learning from this type of visu-
alization and obtained as much information as in traditionally
taught courses. Virtual reality modeling language allows the
user to explore the virtual environments from different per-
spectives and help identify spatial relationships. Grunwald et
al. (2000) utilized VRML to view soil landscape models and
suggested application for environmental assessment studies,
water quality simulation modeling, and site-specific man-
agement. In addition, Geographical Information System (GIS)
may complement VRML with its spatial database and geo-
referencing capabilities. The presentation of spatial informa-
tionmay be accomplishedmuchmore effectively with the use
of three-dimensional environments and GIS compared with
that of a flat map style (Dickison and Greenwell, 2000;
O�Toole et al., 2000). The USEPA has also utilized VRML for
interactive exploration of their geographically spatial data
sets (Rhyne and Fowler, 1998). The USEPA has developed
some examples of the VRML-converted databases at their
GIS-Vis Integration website (available at: http://www.epa.
gov/gisvis; verified 22 Apr. 2002) (USEPA, 2000).
The Lake Springfield Watershed is an area covering ap-

proximately 71 600 ha. southwest of Springfield, IL (City,
Water, Light, and Power, 1992). The watershed is predomi-
nately cropped in corn (Zea mays L.) and soybean [Glycine
max (L.) Merr.] rotations covering approximately 90% of its
area. Water quality research has been performed on this wa-
tershed for several years, aiding in the identification of main
source areas of nonpoint-source pollution. A three-dimen-
sional environment of the watershed was created to highlight
BMPs and their benefits, and to promote properly placed
BMPs in vulnerable areas.

MATERIALS ANDMETHODS

The three-dimensional environment for the Lake Spring-
fieldWatershedwas created using Environmental Systems Re-
search Institute�s (ESRI) ARC/INFO 8.01, ARC TIN, ARC
GRID, and ArcViewwith 3DAnalyst and Spatial Analyst ex-
tensions (ESRI 2000a, 2000b, 2000c, 2000d, 1999a, 1999b,
1997, 1996). Though most of the process of displaying and
creating the three-dimensional environment can be done with
ArcView and its two extensions (3D Analyst and Spatial An-
alyst), ARC/INFO, ARC TIN, and GRID are powerful tools
that manipulate raw data that may be imported into ArcView.
Once created, the three-dimensional world may be exported
to VRML and served on the Internet, which enables interested
parties with a VRML browser to explore the watershed and
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its points of interest. The process is illustrated by a flow dia-
gram in Fig. 1.
There are a number of freeware and shareware VRML

browsers available on the Internet. The Cortona VRML
browser from Parallel Graphics (Parallel Graphics, 2000) was
utilized for this project, but users may choose the browser that
best suits their needs. The VRML Repository hosted by
Web3D Consortium (Web3D Consortium, 2000) is an excel-
lent website for VRML information including software, links,
and sample worlds.
A 30-m resolution Digital Elevation Model (DEM) (Fig.

2) was utilized as the base for creating the topological layer
for the three-dimensional environment. Digital Elevation
Models of this standard may be downloaded at no cost from
the U.S. Geological Survey website (USGS, 2000). Though
the small scale (1:250 000) DEM is a viable option for the cre-
ation of topography in a large area, such as a watershed, a point
survey of a smaller area from sources such as a global posi-
tioning system (GPS) or a total station may prove to be more
accurate and usable when working with BMPs in a field-by-
field basis. The DEM has the ability to be re-interpolated to
a finer resolution using ARC GRID. The DEM may then be
used to create a Triangulated Irregular Network (TIN) of the
watershed (ESRI, 2000a, 2000b, 2000c, 2000d).

The TINmodel (Fig. 3) is a representation of a surface cre-
ated from a set ofmass points fromwhich triangles are formed.
The triangles form a continuous surface and store topologi-
cal information about neighboring triangles (Zeiler, 1999). The
triangles form the base from which other data will be draped.
Draping layers onto the TIN is similar to draping a sheet onto
an object. The sheet covers the object, but the shape of the ob-
ject is still identifiable.
The TIN may be added to ArcView 3D Analyst in a three-

dimensional view. Additional layers may now be created
and/or imported into ArcView 3DAnalyst and draped onto the
TIN (Fig. 4). The layers may need property manipulation to
produce the desired effect. A �Z� value exaggeration may be
added to increase the relief effect of the phenomenon. (Ex-
ample: The Lake SpringfieldWatershed is particularly flat and
by adding a vertical exaggeration factor the topographical vari-
ations became more obvious.)
Assessing what factors influence BMP effectiveness de-

termines what layers need to be present in the three-dimen-
sional environment. In determining the effectiveness of cer-
tain BMPs, the location of each BMP was examined relative
to other spatial points of interest: slope, land use, hydrology,
soil type, roads, and cropping type. Each of these layers has
varying weighted influence on determining if a BMP is prop-

Fig. 1. Flow diagram for the creation of a three-dimensional environment and VRML world.
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erly installed and whether one is needed. Some layers may be
highlighted or emphasized in the final three-dimensional
world; for example, highly erodible land (HEL) is highlighted
in Fig. 5. Once the desired layers have been draped onto the
TIN and the legends have been edited, the three-dimensional
worldmay then be exported into a VRML 2.0 format. This op-
tion allows the user to serve the three-dimensional world onto
the Internet for exploring (Fig. 5).
This newly created three-dimensional environment is nav-

igable by users who have access to a PC with an Internet
browser and VRML plug-in, and is accessible to parties in-
terested in the watershed.

RESULTS AND DISCUSSION

Although the 30-m DEM provides a good topographical
base layer for the entire watershed, it does not lend itself to
large-scale field-size areas (1:3 000 to 1:10 000) due to its res-
olution (30m). Amass point file converted to a DEMof a field
or small study area would be much more effective for deriv-
ing slope and topography. Another concern is the accuracy of
source data. The DEM must have the highest possible reso-
lution for the study area of concern, as do the other layers. The
other layers should be of the same projection as the DEM and
should line upwith the features they represent. Digitizing these
layers on-screen utilizing a digital orthophotograph as the
background is an effective way of lining features up properly.
Some difficulties may be experienced when utilizing the

GIS platforms ARC/INFO, ARC TIN, and GRID due to their
complexities. An inexperienced GIS user may find it difficult
and time consuming to workwith the programs� principles and
commands. The user may find that ArcViewwith 3DAnalyst
performs the data manipulation that is needed. The ArcView
program with 3D Analyst and Spatial Analyst extensions is a
very user-friendly program with drop-down windows as op-
posed to command lines used to perform functions. Changing
properties in 3D Analyst may be necessary to display the de-
sired relationships in the three-dimensional world. 3D Ana-
lyst allows the user to change transparency, vertical exagger-
ation, background color, sun angle, and other properties. Other
difficulties may be encountered when adding more advanced
features to the three-dimensional VRML product, such as an-
chors and links to other sites. Given the cost of Arc View 3D
Analyst, each user may not have access to the software. Vir-
tual reality modeling language addresses this by allowing a
three-dimensional environment, which only requires that the
user have access to a web browser and the Internet.
Another benefit to the three-dimensional environment cre-

ated by 3D Analyst is the program�s ability to export the
three-dimensional world into a VRML 2.0 form. This option
allows the user to offer the three-dimensional data on the In-
ternet for viewing. This is very CPU-intensive andmay require
a large amount of storage space depending on the three-di-
mensional environment size and graphics. A VRML pro-
grammer may also add VRML world links or anchors to ob-
jects in the three-dimensional environment. These anchors di-
rect the VRML browser to perform actions such as playing
sound byte or movie files, displaying a picture, or linking to
another VRMLworld or web page. These can be programmed
using a simple text editor (Ames et al., 1997).

The VRML world is an appropriate venue to display a
three-dimensional environment serving on a kiosk or the In-
ternet for presentations to interested parties. The VRML for-
mat environment also works with an Automatic Virtual En-
vironment (CAVE) display (Johnston and Reetz, 2000), which
is gaining popularity for display at museums and research fa-
cilities. Viewing the virtual world immersed in sound and im-
ages gives users exploring the virtual world a more realistic
experience. The three-dimensional environment also allows
the running of hydrological and other environmental models.
Though some of these models may not be linked to ArcView
3D Analyst, their results may be imported into a three-di-
mensional scene to aid in decision-making and assessment.
One final benefit of this technology is that it provides wa-

tershed groups with a visual inventory of BMPs. It can be used
to highlight conservation achievements and justify the need
for additional efforts.

SUMMARY

This technique for viewing an environment in three-di-
mension may be a tool for researchers interested in environ-
mental spatial relationships and conservation specialists work-
ing with the planning, installation, and maintenance of con-
servation practices. Watershed groups may also find interest

Fig. 2. Digital Elevation Model (DEM) of the Lake Springfield Water-
shed in Illinois. Elevations are represented by varying shades of
black. The approximate center of watershed is 89.7992°W long and
39.6388°N lat.
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Fig. 3. Triangulated Irregular Network (TIN) of the Lake Springfield Watershed. Not scalable due to software limitations. The approximate center of
watershed is 89.7992°W long, 39.6388°N lat.

Fig. 4. Surface drape over a triangulated irregular network (TIN) of the Lake Springfield Watershed. Elevations are represented by varying shades.
Not scalable due to software limitations. The approximate center of watershed is 89.7992°W long, 39.6388°N lat.



42 � J. Nat. Resour. Life Sci. Educ., Vol. 31, 2002 J. Nat. Resour. Life Sci. Educ., Vol. 31, 2002 � 42

in this technique for locating and prioritizing areas of concern
in a watershed and demonstrating a need for conservation ef-
forts.
Conserving our natural resources is important for our fu-

ture. By utilizing current technologies such as GIS, VRML,
and the Internet, we may be able to further promote natural
resource stewardship.
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