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Abstract
The Central Arizona Highlands have been the
focus of a wide range of research efforts to learn
more about the effects of natural and human in-
duced disturbances on the functioning, processes,
and components of the ecosystems found in the
region. The use of current electronic technologies
provides a unique reference and educational tool
for disseminating research findings to scientists,
educators, and land management professionals as
well as the general public. Phase 1 of this project
provided a variety of background material about
watershed management, and specifically the
Beaver Creek Experimental Watershed, which is
accessible through the World Wide Web. This
report discusses how 20 years of data collected on
the various experimental watersheds are being put
into a Web -based relational database and geo-
graphic information system (GIS) that will allow
the data to be searched and graphed. The database
incorporates a variety of factors regarding pre-
cipitation, streamflow, sediment, water quality,
vegetation, and wildlife. Additional data from
chaparral shrubland are being added that contrast
with, and can be compared to, information from
the ponderosa pine and pinyon juniper vegetation
types.

Introduction
In the late 1950s, the Beaver Creek Experi-

mental Watershed (BCEW) project became a
significant component of the Arizona Watershed
Program (Fox et al. 2000). This program was
initiated to evaluate the usefulness of selected
vegetation management programs intended to
increase water yields and other multiple resource
benefits in the Salt and Verde River basins (Baker
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1999). Studies were conducted in mixed conifer
(Baker 1999; Rich and Thompson 1974; Rich and
Gottfried 1976; Gottfried and Ffolliott 1992), pon-
derosa pine (Baker 1999; Baker 1984; Brown et al.
1974), pinyon- juniper (Baker 1999; Baker 1986;
Clary et al. 1974), and chaparral (Baker 1999; Hib-
bert et al. 1974). The objectives of the Arizona
Watershed Program were to provide land man-
agers with facts about the effects of resource
management on these vegetation types and to
assess land management options to develop better
plans and programs.

In 1997, former Arizona Watershed Program
personnel from the USDA Forest Service and fac-
ulty from the University of Arizona collaborated
on a project to make available to the public the
research data and reports resulting from many
years of work on the BCEW. This effort resulted in
a successful grant proposal to the International
Arid Lands Consortium (TALC) for a 3 -year Phase
1 project to deliver this information via the World
Wide Web as well as through other dissemination
activities. Specifically, the Web site Managing
Semi -Arid Watersheds (http: / /ag.arizona.edu/
OALS/watershed /index.html) was developed
(Figure 1), featuring expert information that can be
applied to other semi -arid regions in the world
facing similar natural resource management prob-
lems (Young and Baker 1998).

Phase 1 Project on
Semi -Arid Watersheds

During the course of the Phase 1 project, the
home page of the Managing Semi -Arid Water-
sheds Web site was developed to include extensive
information to meet a variety of user needs. In-
troductory pages describing watersheds, water-
shed management techniques, and public land
management issues are offered as well as in -depth
information on the Central Arizona Highlands and
the Beaver Creek watershed. Sections include a
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Figure 1. The Managing Arid and Semi -Arid Watersheds Home Page.
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training course in watershed management devel-
oped for college students and a listing of Web
resources for K -12 teachers and students. The site
also features documents on selected aspects of
watersheds, hypertext links to other related re-
sources on the Web, and a search engine for the
site that allows visitors to locate particular infor-
mation. One of the challenges in developing this
Web site was to provide enough detail to make it
useful to professional researchers and land man-
agers while still general enough for educators and
students at various age levels.

To meet more advanced needs, resources that
resulted directly from the Arizona Watershed Pro-
gram were also made available on the Web site.
These include a complete overview and descrip-
tion of the climate, vegetation, and watershed
history of the entire Central Highlands region. A
separate section, specifically on the Beaver Creek
watershed, provides everything from a virtual

tour of the watershed, including photographs and
descriptions, to the designation of the Beaver
Creek watershed as a Biosphere Reserve. How-
ever, the most extensive information on the water-
shed covers the treatments and management
practices used over the course of the program.
These summaries are accessible both through a
text index and through a clickable map to identify
specific watershed areas. Also included is a bib-
liography of 693 references to technical reports
and bulletins, articles, theses and dissertations,
books, and proceedings that relate to watershed
research conducted on the Beaver Creek water-
shed or sponsored by the project.

Field days on the Beaver Creek watershed
were also a feature of Phase 1 activities. These
activities introduced the Beaver Creek watershed
to the public, initiated planning for future educa-
tional workshops, and allowed hands -on learning
for teachers, students, and the interested public.
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The field days program focused on four general
themes: forest management, wildlife habitat and
management, rangeland management and moni-
toring, and watershed condition and function.
Moving beyond a lecture approach, participants
took part in hands -on demonstrations, conducted
experiments, and performed watershed monitor-
ing techniques. Other outreach activities included
demonstrations of the Web site at technical and
pubic meetings, presentations on the project at
conferences, and announcements in newsletters
and appropriate listservs.

Phase 2 Project on the Watersheds
of the Central Arizona Highlands

In 2000, another 2 -year project, called "Man-
agement of Arid and Semi -Arid Watersheds,
Phase 2: Decision -Making and Technology Trans-
fer," was funded, again by the IALC. Its primary
goal is to create innovative electronic tools for
watershed management, based on the experiences
of and knowledge gained through the Arizona
Watershed Program, coupled with a new program
for educational outreach to the community.

There are five distinct but interrelated objec-
tives in this phase of the project. The first is to
create a relational database from the 20 -plus years
of BCEW data and a Web -based interface for easy
accessibility of the data to researchers, land man-
agers, educators, students, and the general public.
In this way, the data can be used as a decision -
making and teaching tool, and the database struc-
ture can be used as a template for other watershed
data projects in arid and semi -arid regions around
the world. The second objective is to create inter-
active Web -based maps for viewing the areas
where the BCEW and monitoring stations were
located and for selecting and viewing the data
collected at those stations. The third objective is to
inventory and list information and types of data
collected on other watersheds in the Central
Arizona Highlands for eventual inclusion on the
Managing Arid and Semi -Arid Watersheds Web
site. Related to this is the fourth objective which is
to enter data elements not currently in machine-
readable format from the Whitespar experimental
watersheds and load these data into the database
for Web access. The final objective is to develop a
Master Watershed Stewards Program to train
volunteers to take an active role in educating resi-
dents about critical watershed issues.

The original ASCII data files resulting from
research conducted on the BCEW are in a format
and structure that is difficult for potential users to
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work with. In fulfillment of the first objective, the
files have been imported into Microsoft Access
tables, checked for anomalies, and corrected where
necessary. There are 11 data categories: sediment,
streamflow, nutrients, precipitation, temperature,
humidity, wind, snow, multiple resource inven-
tories, range, and timber. The annual and daily
streamflow data have been converted and have
been used to develop two prototype Web inter-
faces. The remaining data categories have been
prioritized and the files are in the process of being
imported into the relational database. The data
sets will become available for use as soon as they
are in the database.

Two interfaces have been developed to access
the data sets. One allows the user to select a data
category, time period, gauging station, and output
format (Figure 2). The selected data can then be
viewed in a simple table or retrieved in a struc-
tured ASCII format that is easy to import into a
spreadsheet or modeling program for analysis. A
preliminary graphing capability of a single vari-
able is provided, and this will be expanded.

The other interface is map based, allowing
users to choose the watershed or stream gauge of
interest and to view the associated data (Figure 3).
This Web -based GIS interface has been imple-
mented using the Environmental Systems Re-
search Institute's (ESRI) ArcIMS Internet Map
Server. Map layers for a variety of land features
help users locate the area they are interested in
and provide visual reference to such things as the
effects of the various watershed treatments. The
layers currently provided include towns, stream
gauges, highways and roads, streams, treatments,
watershed boundaries, the BCEW boundary, a
1993 Landsat satellite image, elevation, and
shaded relief. This map -based interface is linked to
the data interface so the user can select and view
data from the same Web site.

In fulfillment of objective 3, an inventory of
the information, materials, and data collected on
the other Central Arizona Highlands watersheds
has been completed and is being used to provide
direction for data entry, in objective 4, of the data
elements for the Whitespar chaparral watersheds.
A draft of the Chaparral experimental watersheds
Web site has been prepared with information simi-
lar to that developed for the USDA Forest Service
Rocky Mountain Research Station's Beaver Creek
Evaluation Project Web site (http: / /www.rmrs.
nau.edu /wsmgt /beavercr /). This material and
Web site will soon be merged with the project's
Managing Semi -Arid Watersheds Web site.
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Figure 2. Attribute search interface.

The Master Watershed Steward (MWS) course
(objective 5) is under development. This program
is currently being marketed to local natural re-
source management agencies and interested
partners to generate support. In addition, a Master
Watershed Steward Advisory Committee has been
formed to help steer the curriculum development
and course planning. Successful Master Watershed
Steward programs have been offered in Washing-
ton, Ohio, and Alaska. In Arizona, we plan to use
the Arizona Natural Resource Wonders Curricu-
lum (flowery et al. 1999) as the core to teach the 8-
week course. Supplemental materials will be
added to this curriculum as needed. The course
will also be augmented by two all -day field trips
to see and discuss watershed issues on various
sites and have hands -on experience with tools
commonly used by watershed managers.

The Master Watershed Steward program is
modeled after the Master Gardener Program. After
the training is provided, the participants become
Associate Master Watershed Stewards. After com-
pleting 50 hours of volunteer service, they become

Certified Master Watershed Stewards. After fin-
ishing the course, Master Watershed Stewards will
assist local schools, agencies, and NGOs with
projects and educational efforts. Instructional
materials developed for the Master Watershed
Steward program will be adapted for the Web site.
Local partners, such as the USDA Forest Service,
Prescott Creeks Preservation Association, ranch-
ers, and schools have indicated that these volun-
teers will have a positive impact on the local
community. Several areas have been identified
where these trained volunteers could have a sig-
nificant impact: riparian stewardship, revegetation
efforts, rangeland monitoring, well water quality,
noxious weeds, wildland -urban interface issues,
septic systems, and youth education. The Master
Watershed Steward Program will bring together
people of diverse backgrounds and values to get
involved in local watershed issues that affect the
citizens of Arizona.

Both the Phase 1 and Phase 2 projects have
provided a unique opportunity to combine the
strengths of three units: the USDA Forest Service,
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Figure 3. Map -based search interface.

Rocky Mountain Research Station, Flagstaff, Ari-
zona, as a major repository of watershed manage-
ment information; the University of Arizona
Cooperative Extension, with its commitment to
training and information dissemination; and the
University of Arizona Arid Lands Information
Center, for the necessary Web site management
e\pCrtise.

By bringing practical and field- tested data on
watershed management to the World Wide Web,
this project provides a value -added service to
researchers, practitioners, and educators. In addi-
tion, this project seeks to make science more use-
ful, helping the general public make better and
more informed decisions concerning the use of

their own arid and semi -arid natural resources. In
summary, this delivery method facilitates better
access to management information and technol-
ogy, ultimately contributing to the increased
sustainability of arid and semi -arid watersheds
around the globe.
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