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t some point, all watershed management efforts
Amust confront the common denominator of lo-

cal land use policies. Local land use decision-
makers—whether elected or appointed, professional or
volunteer—need assistance in overcoming the many bar-
riers to making watershed-based, environmentally sound
land use decisions. Among these barriers are the narrow
focus of most land use boards and commissions, their high
turnover rate, their inability to predict or track cumulative
impacts, and their decision-making framework defined by
political boundaries.

The key to addressing these problems is education
and information. Perhaps the most unexplored tool for
supporting educational and informational programs is
geographic information systems, or GIS. GIS is increas-
ingly used at the federal and state levels of government for
natural resource management, including many new wa-
tershed-based studies and inventories. At the local level,
GIS, where used at all, is most often applied to problems
like school bus routing or property tracking for the tax
rolls. However, the use of GIS as a tool to help municipal
officials protect their water resources is being explored by
relatively few. GIS images can convey an enormous
amount of information in a succinct, understandable
format especially useful to busy decision-makers needing
to put their actions into a “bigger picture.”

This panel session brings together three groups of
projects in New England that are making use of GIS to
help communities change the way they look at land use
decisions. All are educational projects spearheaded by the
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Cooperative Extension Service (CES), in partnership with
other agencies. In Connecticut, CES is teaming with The
Nature Conservancy to do two watershed projects in the
lower Connecticut River, one of 40 places designated as a
“Last Great Place” by the Conservancy. The projects
make use of a wide range of digitized data, including
cutting-edge remotely-sensed land cover data, to create
educational products and programs. Through the use of
GIS parcel (property) data, these programs are targeted to
specific audiences. In Rhode Island, CE staff are not only
using GIS as an educational tool, but they are training
local officials in the use of GIS. In addition, GIS informa-
tion is used to run a new risk assessment model that
estimates nonpoint nutrient loadings. In New Hamp-
shire, extensive data from the state GIS system was
combined with te:. years of water quality data collected
by citizen monitoring programs to analyze subwatersheds

~of the Squam Lakes system, with regard to their impact

on water quality and wildlife habitat. GIS is also being
used to help communities inventory, evaluate and priori-
tize their natural resources.

Taken together, these projects demonstrate the
wide range of creative ways that GIS can be applied to
watershed projects—from visualization to loadings analy-
sis to audience targeting, with a few stops in between.
This panel is not about technology, but about education
and the use of this new technology to better inform the
local land use process. We hope that it will stimulate
discussion of new and better ways to tackle watershed
management at the all-important local level.
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Overview A Last Great Place
e University of Connecticut Cooperative Exten- In March, 1993, the Tidelands of the Connecticu:
sion System and The Nature Conservancy, Con-  River region was designated by The Nature Conser-
necticut Chapter are collaborating on two innova- vancy (TNC) as one of forty “Last Great Places™ in the

tive watershed projects in the lower Connecticut River,an  western hemisphere. The Tidelands region encom-
area designated as a “Last Great Place” by The Nature  passes the lower 37 miles of the Connecticut River, from
Conservancy in 1993. The Chester Creek and Eightmile  the Rocky Hill/Glastonbury area of Connecticut to the
River watershed projects are non-regulatory, non-advo-  mouth at Long Island Sound. The region is the southern-

cacy natural resource management public education ini-  most portion of the Connecticut River watershed. a
tiauves, conducted in close cooperation with local resi-  major basin which incorporates an extensive area sur-
dents and town officials. The projects were begun with  rounding the River from the Canadian border down
seed funds from the Environmental Protection Agency,  through Vermont, New Hampshire, Massachusetts and

and are continuing with ongoing USDA funding through  Connecticut. The Tidelands stretch of the River was
Cooperative Extension, and the support of The Nature  singled out because of its exemplary complex of high
Conservancy. quality salt, brackish and freshwater tidal marshes, and

During the course of the projects, a multi-disciplin-  the many threatened and endangered species that the
ary team from Cooperative Extension and The Nature  complex supports.

Conservancy conduct a series of educational workshops The “Last Great Places™ initiative constitutes a
on a number of natural resource management issues  commitment by TNC to preserving the ecological integ-
including nonpoint source pollution, forest stewardship,  rity of areas far too large to be addressed solely by
and environmentally-sensitive property management. The ~ TNC’s traditional methods of land protection. Such
workshops, planned and conducted with input and guid-  large-scale efforts require that public agencies and

ance from a local advisory committee, are supported by  private organizations work together to promote and
maps and information collected by the project on a  assist natural resource conservation at the local level.
geographic information system, or GIS. GIS is used not ~ Land use and resource management issues at the re-
only to collect, analyze, and display data, but to target the  gional or watershed levels are complex, and have not
educational message to key audiences. While these  lent themselves well to resolution through conventional
projects are relatively young, there are already strong  regulation and enforcement approaches. In the North-
indications that this approach is an effective one at  east, the strong tradition of local “home rule” also serves
helping both individuals and municipal entities adopt a  to work against “broad brush” solutions mandated by
watershed perspective, and become stewards of their  federal or state authorities. Education—of local offi-
natural resources. cials, of individual landowners, of the general public—
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can be an effective. nonregulatory method for addressing
these complex issues.

This paper describes the ongoing development of

an education-driven approach to watershed manage-
ment. At the ume of the Tidelands announcement, the
University of Connecticut Cooperative Extension Svs-
tem (CES) Nonpoinr Education for Municipal Officials
(NEMO) Project had been working with coastal commu-
nities in Connecticut on the issue of nonpoint source
water pollution. Over the past four years, the NEMO
project team has developed an effective educational
methodology using geographic information system (GIS)
computerized mapping as a tool to help municipal offi-
cials understand the impacts of land use on water quality
and options available for managing those impacts (Arnold
et al., 1994). With the “Last Great Places™ designation
as a catalyst and the NEMO model as a programmatic
basis, CES and TNC staff conceived the Tidelands water-
shed projects, which were given a crucial boost from two
one-year “start-up” grants from the Environmental Pro-
tection Agency.

Project Areas

As part of the “Last Great Place” designation,
TNC-Connecticut Chapter had identified 17 “core sites”
in the Tidelands, based on their assessment of habitat
value. The first step in selecting a project site was to view
these core wetlands not as isolated units. but as natural
resources affected by the activities in the local watershed
subbasins draining to them. Of the 17 areas, potential
project sites were considered based on the natural re-
source base, land use patterns. availability of digital data,
watershed size, and the number and enthusiasm of the
affected towns. Based on these criteria, Chester Creek
watershed was chosen for the first project in late 1993,
and a year later the Eightmile River watershed was
selected for the second project.

The Chester Creek watershed is a 14.5 square mile
basin located on the western side of the lower Connecti-
cut River, approximately 25 miles upstream of Long
Island Sound (Figure 1). Almost
80% of the watershed is in the town

is the partnership between Cooperative Extension and
The Nature Conservancy. While private-public part-
nerships may be fairly common these days, trulv sue-
cessful ones are a bit more scarce. The Tidelands
partnership creates overall benefits for the watershed
projects that go beyond the skills and expertise of the
individual team members. Both TNC and CES are
organizations with non-advocacy. research-based phi-
losophies. However, the “Last Great Place™ designation
gives the projects a regional framework and a “‘reason
for being” that the University alone could not provide.
Inreturn, the experience of CES in dealing with property
owners and municipal officials on land use and conser-
vation issues provides the projects with an educational
“track record” at the local level that TNC alone could
not match.

The second key element is vet another partner-
ship—that between the project team and the towns with
significant acreage in the watershed. A key criteria for
selection of the two project sites was the strong support
of the chief elected officials of each town involved.
After that step, advisory committees were formed of key
land use and other officials from cach town. These
committees meet frequently with the project team to
review the GIS maps, discuss local concerns, and assist
in planning and publicizing the educational workshops.
The goal is to have these committees, or some combina-
tion of the groups that they represent. take complete
ownership of any resource management initiatives re-
sulting from the projects’ education and information.

The third key element is the educational use of GIS
technology. While GIS is often used for natural resource
planning and analysis at the state and federal level, at the
local level it is typically reserved for things like tracking
property taxes or routing school buses. Through the
NEMO project, the University of Connecticut CES has
been exploring the use of GIS 10 educate municipal
officials. The emphasis is not on the analytical ability of
GIS so much as the ability of well-crafted, colorful maps
to convey complex issues and relationships in a simple
and understandable manner. In the case of NEMO, the
focus is on portraying the links between land use and

of Chester. The 63 square-mile

Eightmile River watershed lies just
across the River on the eastern side,
and includes major acreage in three
towns. In addition to the critical
tidal marsh habitat to which both of
these watersheds drain, each area
has significantupland biological and
aquatic resources (Nelson and
Arnold, 1995).

Key Project Elements

The Tidelands watershed
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projects have several key elements
that we wish to highlight. The first

Figure 1. Tidelands region and watershed project areas.
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water quality through the display ot satellite-derived land
cover information.

The Tidelands watershed projects expand on this
basic NEMO methodology in several important ways.
The start-up grants enabled the projects to hire a private
GIS consulting firm to collect, and in some cases digitize,
a wide variety of information on the watersheds. Data
layers include land cover, water features. open space,
soils, drainage basins, wetlands, roads, zoning catego-
ries, and parcel boundaries (property lines). This list
goes well beyond what is available for any of our NEMO
programs, and allows the project team to expand the
range of the educational programs beyond nonpoint
source pollution to include other topics relevant to the
watershed. In the Eightmile project, for instance, we are
planning programs on forest stewardship, open space
management, and streamside properly management.

An expanded list of educational topics translates to
a longer list of target audiences, broadening the constitu-
ency base for the projects. While the nonpoint source and
open space programs remain targeted at municipal offi-
cials and local groups like land trusts, the forestry and
property owner programs are largely aimed at individu-
als. With aslight twist to our use of GIS, we have devised
a technique to help us reach these individual audiences.
Using the parcel data layer, we can identify specific
target audiences for a given educational program. For
example, in Chester Creek the GIS was queried to
identify all properties within the watershed over 5 acres
in size with predominately forested land cover. Linking
this list to a tax assessor's database gave us the names and
addresses of the owners of the properties, which we then
used to do a direct mailing announcing a forest steward-
ship workshop. The tumnouts at programs for which we
have used this targeting method have been very impres-
sive. In the next few months, we'll be using information
similar to that portrayed in Figure 2 to promote stream-
side property owner programs in the Eightmile water-
shed. The addition of individual land owners as a target
audience for our watershed programs, and the targeting

of this criucal sector via GIS. is an improvement on the
NEMO educational model that we think will greatly
enhance the success of these projects.

So, Is it Working?

Our experience suggests that it often takes vears
for natural resource management educational programs
to bear fruit in the form of significant changes to local
land use policies or practices. While working to change
individual practices may have a somewhat faster turn-
around time, working with local officials, many of
whom are volunteer members of town commissions.
takes thoroughness, patience. and often considerable
repetition. The Chester Creek project conducted its first
educational program in June of 1994, while the Eichtmile
River project programs began in early 1996; thus, these
projects have been in town for only a brief period.

That being said, we feel that significant progress
has been made. and that the potential exists for even
greater gains. In Chester, a year of educational pro-
gramming was followed by a quiet period. during which
the various audiences digested and discussed the infor-
mation provided to them. It now appears that the
“digestion™ period is over and the real work of institu-
uonalizing change has begun. In August of 1995, the
project advisory committee submitted a report to the
Board of Selectmen, with recommendations for actions
to be taken by the town to protect the watershed. The
Selectmen then formally appointed this ad hoc commit-
tee o a two-year term, and charged them with pursuing
implementation of these actions. The recommendations
include development of comprehensive watershed man-
agement and open space plans; multi-commission re-
view of water quality issues and forest management
strategies; continuation of environmental studies fo-
cused on the Chester Creek watershed at the elementary
school; and. investigation of the development of a town
Natural Resources Center. With the town committee

now as the driving force behind

| B Lskec/Opan Water

thisstrategy, the CES/TNC project
team will provide technical sup-
port in the form of continuing edu-
cational programs that will be tai-
lored as needs arise. Clearly,
Chester is well on it's way toward
local ownership of project initia-
tives.

While itis too soon to report
such progress for the Eightmile
River project, the productive ses-
sions with the ten-person, three-
town advisory committee have
been very encouraging, as has the
positivereaction to the educational
programs done to date. This
project, which is perhaps a more
representative model based on the

Froperty Oudines
Wetland Soils
Bl Eofle

Figure 2. Map used to target streamside property owners.

watershed’s size and number of
political jurisdictions, 1s already
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reinforcing our belief in the effectiveness of GIS-based
education to promote the watershed approach. With the
watershed maps serving as the common denominator
among the advisory committee members, watershed-
wide 1ssues can be discussed while still recognizing the
dominant role of municipal policies and individual ac-
tions in determining land use.

It’s been said that “knowledge is power.” In our
experience, maps can be a uniquely effective tool for
transferring knowledge, with their ability to convey
complex information in a succinct and understandable
way. Once armed with this knowledge, it appears that
local officials and land owners are much better able to
work together to prioritize problems, discuss solutions,
and chart courses of action. While this may seem an
obvious point, it doesn't make the implementation of
such a program any easier. The trick is in crafting the
right maps and devising appropriate educational pro-
grams to accompany them, and in providing long term
assistance to local decision-makers and residents to fa-
cilitate their use of this information.

With our NEMO experience and the commitment
of TNC and CES staff to working with these communities
over the long haul, we are confident of our ability to meet

these requirements. However, we are still working on the
problem of making the GIS data readily available and
useable to the locals. independent of our involvement.
None of the towns involved with these two projects has
its own GIS system, and Connecticut, as yel, has no
centralized GIS repository. Hard copies ot the maps can
and will be provided. but this falls short of the goal of true
accessibility. The project team and towns are exploring
various options to rectify this situation.
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Introduction

n New England we place great importance in the local
l;i;:cision making process. These local decision makers
e primarily elected or appointed or may be volun-
teers. They may or may not have the direct assistance of
a planning or environmental professional. They often do
not have, or lack access to, the proper resource informa-
tion and education on which to base their decisions. Yet,
these local officials are responsible for evaluating devel-
opment, subdivision, residential, industrial, commercial
and recreational projects all of which can have signifi-
cant impact on a community's natural resources. They
are also responsible for the implementation of land use
and zoning regulations and the development of the
community’s master plan which affects the future land
use of their community. Thus, while local decision
making is the key to watershed based community re-
source protection, the information and education re-
quired to make informed decisions is often lacking or
severely limited.

Watershed assessment and protection efforts have
generally been driven by more “reactive” approaches in
which wetlands and waters that show signs of degrada-
tion are examined and the resulting diagnostics are used
to attempt to mitigate the damage. A more proactive
approach is necessary for the high quality wetland or
water body, typical of New Hampshire, since a major
concern is to keep the ecosystem in as pristine a condition
as possible. Information and understanding of connect-
edness, linkages and interrelationships between land use
activities and the watershed resources are critical to local
decision makers and landowners alike.

In an attempt to address these complex issues, vari-
ous method manuals have recently been developed to assist
local officials and interested citizens in finding or assem-
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bling the information necessary for planning and decision-
making. These valuable manuals include methods for
evaluating the functional values of freshwater and coastal
wetland systems (Amann and Lindley-Stone, 1991; Cook
et al., 1993) as well as a handbook on community natural
resource inventories (Auger and Mclntyre, 1992). This
latter work offers suggestions and provides examples of a
resource mnventory process that is based within the political
boundaries of the community. This resource inventory
process has also been adapted to demonstrate this approach
in the context of a warershed based assessment and analysis
(Schloss and Ruben, 1992).

_ The advent of Geographic Information Systems
(GIS) has brought a new and potentially powerful inven-
tory, analysis and educational tool to watershed investi-
gators and decision makers. Although GIS natural re-
source applications are currently being developed and
explored on a stalewide and regional scale there has been
less effort to transfer and utilize the technology at the
local level. This paper presents two examples of ap-
proaches undertaken by University of New Hampshire
Cooperative Extension educators and other to use GIS as
an information, analysis and education tool. The first
case study presented involves towns that are part of a
multi-jurisdictional lake watershed and the second in-
volves multiple wetland watersheds within a single town.

GIS Inventory and Analysis of the
Squam Lakes Watershed

As part of a model watershed study under the
direction of the NH Office of State Planning, a multi-
agency task force worked to create a GIS based resource
inventory of the Squam Lakes Watershed (Scott et al.,
1991). The state’s GIS , GRANIT (for Geographically
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Referenced Analysis and Information Transfer) is housed
at the University of New Hampshire but linked to state
agencies and regional planning commussions. Data “lay-
ers” used in this GIS study included bedrock geoiogy,
hydrology (streams, wetlands. lakes, ponds and aquifers).
soils. elevation. land use zoning, land cover (from aenal
photographs and satellite images) and wildlife habitats.
This was in addition 10 a base map of roads and political
boundaries. Also included was ten years of water quality
data, collected weekly during the ice free season through-
out the lake, by volunteer monitors of the Squam Lakes
Association under the direction of the NH Lakes Lay
Monitoring Program.

.. ‘A conventional GIS analysis of land capability was
" undertaken to displays all of the developable area remain-
ing in the watershed. The GIS was also used to analyze
information on zoning specific to each town (i.e.. land
area required for each house lot) and provide a "*buildout
scenano’ that could estimate the number of new houses
by town and by subwatershed, and the resulting increase
in population. When this was done for the Squam Lakes
watershed it was found that about 12 percent of the
watershed was currently developed or protected, about 32
percent was constrained or restricted to development, and
almost 37 percent of the watershed was left to be devel-
oped. While, as a whole, the lake displayed excellent
water quality and was relatively pristine in nature, there
were areas within the lake with less desirable water
quality conditions. Thus. the problem was defined: areas
of the lake were already showing signs of water quality
degradation yet current laws and regulations would allow
development within the watershed to expand over three
times the area of what was already developed. What was
still needed was a method to locate critical lake areas and
produce additional GIS products to educate and support
decision makers and their communities.

With that in mind. it was time to go beyond the
traditional GIS approaches and “push the envelope” by
exploring GIS data display and visualization. Displaying
the water quality data spatially, it became apparent that
many of the small coves and embayments were areas of
more degraded water quality. The data suggested that the
lake did not react uniformly to watershed inputs; that it
was not just one big reaction vessel or “bathtub” as is
commonly assumed for many large systems. This concept
was further enhanced by taking the bathymetric map
(depth contour plot) of the lake and using the GIS to create
a 3-D model of the lake bottom. No experience in
topographic readings was necessary to be able to see how
the lake was really made up of multiple basins connected
together and thateach of these basins had high sills around
them.

With the basins defined, they could be associated
through the GIS with the abutting subwatersheds. This
would allow for analyses of what characteristics of the
land around the basins had an influence on the basin’s
water quality. While our study team had the luxury of an
extensive GIS data-base of land cover (down to the type
of tree stand from aerial photography !), we started with
some basic GIS analysis using information that would be
more readily available to localities across the state. With

some relativelv simple data analvses. areas of the lake
that react more crtically to nument loading were de-
fined. A land cover analysis found that land cover within
the shoreland zone (a 250 foor area from the lake shore)
explained less water quality variation than the total
subwatershed land cover. Thus. although shoreline regu-
lations are important for the Squam Lakes. activities
rhroughour the watershed also have a major impact. The
results of these applied analyses and others were then
built into our community educational programs.

Through community advisory groups we learned
that other aspects of the watershed besides water quality
held equal if not greater importance. To that end, a GIS
layer of loon habitat (provided by volunteers of the NH
Loon Preservation Society). bass nesting areas, cold
water fish reefs and holes, and smelt brooks (from NH
Fish & Game and volunteer surveying) was created. The
GIS could then reference the various in-lake and shore-
line wildlife extent contained in each of the basins. Now
the GIS was complete with information of in-lake water
quality conditions and wildlife resources. From this
information the GIS was used to locate the lake's most
critical areas. For each basin and adjoining subwatersheds
the GIS simply averaged together all of the criteria
scores. The resulting integration was best visualized by
draping a color (light or “cold” for less critical, reddish
or “hot” for most critical areas) over the 3-D plot of the
lake basins.

A color slide program that best visualized the
procedures and concepts of this demonstration study was
developed and presented at educational sessions to com-
munities throughout the state. However, the materials
produced for the communities and decision makers in the
watershed had to be more functional; Towns and most
citizens still do not have easy access to GIS systems so a
more “low tech” set of products were developed. For the
town decision makers, a map of the watershed area was
provided. delineating the various subwatersheds and
subbasins of the lake labeled by number. These numbers
were then referenced to a printed table which contained
the water quality and resource information of both the
basins and the abutting sub-watersheds. Thus, instead of
having to decide on the approval of a project based solely
on information provided by the applicant, the decision
maker can look up the subwatershed where the project is
being proposed, check on the important lake resources
that may be impacted, weigh benefits and concerns, and
have the applicant address specifically how they will
minimize loss or impacts to that resource. Tabled infor-
mation could also be captured to a spreadsheet or a data-
base system and digital maps could also be provided to
those with GIS display systems. However, there have
been no requests for GIS products at this level of sophis-
tication to date.

GIS Analysis of Local Wetland Buffer
Options for Deerfield, NH

This past fall, a new guidance document was pub-
lished on riparian buffer function that included recom-
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mendations forregulatorv andnonregulatory buffer widths
(Chase et al., 1995). It represents a collaborative effort
between the Audubon Society of New Hampshire. NH
Office of State Planning. UNH Cooperative Extension
and the USDA Natural Resources Conservation Service.
The guidebook focuses on water quality and wildlife
habitat as two key functions of upland buffers. It provides
municipalities with both a scientific rationale and practi-
cal actions for protecting and preserving naturally veg-
etated upland areas that border surface waters and wet-
lands. Ultimately, local decision makers will need to
determine the most appropriate buffers to suit their needs
and the means for establishing them. In an effort to
introduce this new tool and to demonstrate how GIS might
be used to assist in the decision making process. a pilot
project was undertaken and the results presented to a
statewide audience ata GIS workshop for decision makers
sponsored by the NH Office of State Planning and the
University of New Hampshire.

The Town of Deerfield. NH completed a compre-
hensive inventory of its natural resources in the spring of
1991 extensively using GIS (see Appendix D in Auger
and Mclntyre, 1992). For investigating the various buffer
scenarios it was first necessary to take an inventory of the
water resources of concern. From the GIS base map,
surface waters are already delineated. The GIS soils
coverages were used to delineate wetlands areas (from
Hydric soils classifications). Other options for NH towns
to delineate wetlands include digitized or hard copy
National Wetland Inventory maps and Landsat derived
wetland classifications. both available through GRANIT.
The inventory of Deerfield disclosed that wetlands com-
prise 86% of the town's water resources acreage and
many are connected and lie within stream corridors that
run throughout the town.

The existing regulatory buffers and setbacks in the
town were analyzed using GIS. Two sets of state laws and
regulations are already concerned with maintaining a
vegetated buffer at the shoreline of lakes and streams.
The Comprehensive Shoreline Protection Act requires
that a minimum tree basal area must be maintained at
greater than 50 percent within 150 feet from the shore of
lakes greater than 10 acres and 4th order or greater
streams (except those in the NH Rivers Program). State
foresiry regulations also maintain this requirement for
land within 50 ft from a perennial stream or brook. There
is also a setback of 75 feet for buildings and septic
systems bordering wetland areas required under town
regulations. The GIS display of these overlay zones
indicates the existing acreage of these areas as 434 acres
under the Shoreland Protection Act, 577 acres under the
forestry regulations and 2880 acres bordering wetlands
with town mandated setback restrictions.

Through a review of the current scientific literature
and recommendations of other states, and with priority
focused on water quality protection, a “reasonable” mini-
mum buffer width of 100 feet is recommended in the
buffers guide. A larger buffer is recommended for sensi-
tive wetlands (bogs, fens. white cedar swamps), prime
wetlands. endangered or threatened species protection.
or to support wildlife habitat more thoroughly. Through

the use of GIS. maps were produced that visualized the
extent of lands that would be impacted by the new
recommendations. Imposing the 100 ft buffer overlayv for
wetlands and streams about doubles the protective acre-
age around streams and adds another thousand acres that
border wetlands. This represents a 40 percent increase in
the protected areas. Using an overlay of the town tax map
the decision makers are now able investigate the degree
to which different lands might be affected by vanous
regulatory approaches.

Through use of the NH Method (Ammann and
Lindley Stone, 1991) the Town of Deerfield evaluated
the functional values of all of its major wetland areas and
is proposing some of these for designation as prime
wetlands. As the buffers document suggests a buffer
larger than 100 feet, our study explored the use of a 200
foot buffer in our analysis. An overlay of this buffer was
created to visualize the impact and to discern whether the
size chosen was adequate to serve both water quality and
wildlife habitat concerns. The resulting analysis indi-
cated that with the 200 ft buffer some wetlands in the
sample area would be connected to each other. but others
would not. If habitat considerations are a goal, the GIS
analysis indicated that other, perhaps nonregulatory,
methods would be needed to establish habitat connec-
tions among all of the critically important wetlands.

Nonregulatory approaches to buffer protection were
also explored with GIS analyses. For purposes of wildlife
habitat and travel corridor protection and to maximize
the benefits of conservation lands, acquisition of larger
buffer areas may be required. To achieve this level of
protection a town may have to rely on land acquisition
and/or conservation easements. Use of the GIS informa-
tion regarding the wetland and stream locations, existing
and proposed buffer overlays and habitat land cover
information along with property or tax map overlays and
existing conservation lands can help decision makers
choose the most cost-effective way of achieving their
goals.

Conclusion

All of the community and watershed based inven-
tory processes and guidance documents discussed in this
presentation offer a proactive approach for decision
making, resource protection, and stewardship. They en-
courage the community to become involved in defining
what resources are important and why. They also provide
the information required to develop protection and man-
agement strategies. The use of GIS in educating the local
communities, especially exploring and visualizing the
extent, impacts and benefits of various protection and
management alternatives, can greatly enhance the local
decision making effort.
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-hode Island cities and towns, like other New
REngla.nd communities, play a key role in protect-

ing water quality. They develop community plans,
review subdivision proposals, approve zone changes,
and manage community water supply systems. Through
these routine land use decisions, local officials have the
opportunity to control nonpoint pollution. Yet, volun-
teers serving on planning and zoning boards, town coun-
cils, and other boards making these decisions often have
limited expertise in watershed management. Perhaps
more importantly, water quality protection is only one of
many competing and sometimes conflicting issues that
local decision makers face. Unless there is an immediate
threat to community water supplies or economically
important recreation or shellfishing areas, pollution pre-
vention may not be perceived as an urgent priority,
especially when economic development needs and other
local issues vie for local attention and available funds.

With support from the Cooperative State Research
Education and Extension Service (CSREES), the Uni-
versity of Rhode Island (URI) Cooperative Extension has
developed a technology transfer/education program for
local decision makers that addresses the unique chal-
lenges of dealing with municipal audiences. The aim of
this project is to reduce nonpoint inputs (o Narragansett
Bay, an EPA-designated national estuary, by providing
local officials with the skills and resources they need to
manage nonpoint pollution in local watersheds. Our
strategy is to capture local interest by focusing on local
resources and problems through the use of Geographic
Information Systems (GIS) map products, offer a mix of
training opportunities to meet various levels of interest.
and supply practical nonpoint assessment tools to iden-
tify and manage nonpoint pollution problems. Unlike
many GIS-based education programs. local staff are also
trained in the use of GIS software so they can continue to

take advantage of its analytical capabilities long afier
training workshops and demonstration programs are
completed. The purpose of this paper and our panel
presentation is to describe successful application of GIS
technology as an education and analytical tool using
three approaches:

l. Enhance awareness of local resource values
and illustrate the relationship between water-
shed land use and water quality using GIS
products.

. Provide decision makers with an analytical tool
for watershed-level nonpoint management us-
ing a GIS-based pollution source identification
and nutrient loading model currently under
development.

- Teach municipal officials to incorporate geo-
graphic data in routine planning and land use
decisions through introductory workshops that
demonstrate GIS capabilities and hands-on prac-
tice in using the ArcView GIS software.

Geographic Information Systems as
an Education Tool in Local Nonpoint
Education

~ Local Outreach Strategies

834

Local officials are often eager to learn practical
techniques for dealing with immediate problems but they
have busy schedules with little time for generalized train-
ing. To overcome this initial barrier the URI training
program relies on tiers of training strategies to reach
various municipal audiences based on their level of com-
mitment or time constraints, and their level of expertise.
Our objective is maximize our limited staff resources to
reach as many local land use decision makers throughout
the Narragansett Bay watershed while concentrating our
efforts in priority subwatersheds. Our target audience is
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planning and zoning board members. planners. conserva-
tion commussioners. council members, water suppliers.
and others involved in local land use.

We offer three tiers of training and assistance to
towns: (1) Brief presentations that can be scheduled
during regular board meetings, evening workshops, and
one o three day conferences on priority topics such as
stormwater controls. wetlands protection. and wastewa-
ter management. These attract both new and experienced
board members and professionals from throughout the
watershed. The time commitment is minimal but gives
local officials an opportunity to improve skills when they
are ready. Attendance in one workshop frequently leads
to participation in other workshops and interest in the
.next level of training. (2) Intensive watershed-level short
courses in watershed management for board members
and town staff in priority subwatersheds. This is where
we can best use GIS as an educational tool to enhance
awareness of local resource values and nonpoint prob-
lems. (3) Follow-up assistance in implementing nonpoint
source controls based on interest generated from topical
workshops and short courses above. This includes, for
example, assistance in developing local ordinances and
nutrient loading analysis to identify relative impacts of
nonpoint sources and control options.

Watershed-Based Training

Short courses in watershed management target all
local officials from two or more communities within a
priority watershed. Through a series of six to thirteen
workshops, this intensive program is ideal for building
relationships among board members within a town and
among communities within a watershed. These sessions
cover topics such as the relationship between watershed
land use and water quality, development review tech-
niques, watershed protection strategies, stormwater and
wastewater management techniques, board procedures
and legal issues, and coordination among local boards.
Because the watersheds selected are normally small, 15,500
acres or less, it is also an ideal opportunity for using
powerful GIS imagery to illustrate the relationship be-
tween watershed land use and nonpoint pollution sources.

This watershed-based training focuses on water-
shed aquifers and reservoirs to incorporate GIS analysis,
local case studies and field training sites. Because they
are predominantly interested in local water supplies and
shellfishing areas, local officials learn best from these
targeted examples. Using coverages available through
the Rhode Island Geographic Information System (RIGIS )
GIS products are used to

illustrate land use patterns and to describe water-
shed features such as subwatershed boundaries. aquifers.
well head areas and wetland resources and to illustrate
the relationship between sensitive water bodies and
riparian areas with high risk land uses (McCann et al.,
1994). Following the NEMO approach used by the Uni-
versity of Connecticut Cooperative Extension (Arnold et
al., 1993), percent impervious cover under existing land
use and potential land use with build out under present
zoning are also analyzed.

The geographic analyses generate awareness and
interest in watershed protection issues which are then
explored at the parcel-scale through subdivision and com-
mercial development case studies. Generally, two or three
case studies are used repeatedly in several sessions to
illustrate a range of realistic nonpoint problems and prac-
tical control options. For example, one subdivision may be
used to demonstrate a variety of techniques, such as subdi-
vision review procedures, creative zoning or cluster op-
tions to reduce impervious area, specific stormwater con-
trols, and wetland protection options. A field review of at
least one site is conducted to improve map reading and plan
interpretation skills, demonstrate field assessment tech-
niques and promote discussion of local regulatory issues.
Following this progression from watershed-scale GIS analy-
sis to the parcel-level site evaluation. we may select one
area of the watershed for more detailed analysis of nonpoint
control options based on local interest. Other features of the
watershed-level training are summarized below:

* Target local interests that are compatible with
pollution prevention. Because water resource pro-
tection are usually one of many local concerns, we
focus attention on opportunities to achieve local
land use goals through implementation of nonpoint
control. For example, discussions of techniques to
minimize impervious area focus on reducing pol-
lution, minimizing the size of stormwater facili-
ties needed, and preserving community character.
Stormwater management practices discussed em-
phasize designing for low maintenance as well as
water quality enhancement.

* Work closely with municipalities to develop and
conduct the training series. Planners and board

members are surveyed to determine their areas of _

interest. Survey results are used to select course
topics and identify priority areas for in-depth
evaluation of nonpoint pollution sources and con-
trol options. To ensure local commitment to par-
ticipate in development of the program, a Memo-
randum of Agreement (MOA) between URI and
each municipality is developed and signed.

* Collaborate with other university groups, state regu-
lators and planning staff and federal partners in
developing and conducting the program. Water-
shed-level training areas are selected based on state
nonpoint priority watersheds and local interest.

* Design each session to promote discussion and
sharing of local expertise. Provide opportunities
for board members to build relationships with
cach other and with state regulators, resource
managers and consulting professionals from the
region people they can call on for assistance long
after the training is completed.

Tools for Watershed Management GIS-
based Nutrient Loading

Assessments of high risk land uses and impervious
coverage are useful as a first cut analysis of nonpoint
problem areas. but municipal officials considering adop-
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tion of costly and perhaps controversial nonpoint control
measures often need stronger evidence to justify the need
foradditional controls and to demonstrate their benefits. As
a second tier of assistance to these communities, the URI
Cooperative Extension is developing a practical nutrient
loading method (Kellogg etal., 1995) thatland use decision
makers can use to compare nonpoint impacts under present
and future land use. and to evaluate the effectiveness of
alternative best management practices. Known as MAN-
AGE: a Method for Assessment, Nutrient-loading, and
Geographic Evaluation of Nonpoint Pollution, the method
is designed to estimate nitrogen and phosphorus loading to
surface waters and nitrogen loading and concentrations in
aquifers. It also estimates average annual runoff and infil-
tration volumes and mass-balance nutrient loading using
readily available RIGIS based on land use as well as soil
hydrologic group and riparian area relationships.

The following case study illustrates one application
of GIS-based nutrient loading analysis. using a simplified
phosphorus mass balance model developed by the R.I.
Department of Environmental Management. to identify
nonpoint management options and to promote adoption of
best management practices as a spin-off project of a water-
shed-level short course.

Case study: St. Mary's Watershed,
Portsmouth, Rhode Island

The Problem: As a result of concern over water
supply protection generated in a URI watershed manage-
ment short course on Aquidneck Island, R.I., a local water-
shed group was formed, known as the St. Mary's Water-
shed Group. This group was initiated by members of the
local Portsmouth Agricultural Advisory Committee who
participated in the training program, with support by the
Eastern Rhode Island Conservation District. Other mem-
bers of the group included local planners, administrators,
the municipal water supply company and Cooperative
Extension. St. Mary's watershed was selected for analysis
because of its small size and mix of residential and agricul-
tural land uses. Because previous studies had suggested that
both residential and agricultural land uses were contribut-
ing to eutrophication of the water supply, the group set out
to conduct a detailed watershed assessment to identify the
relative nonpoint pollution inputs and suitable control
measures. Using the results of field analyses conducted by
the Conservation District, URI updated the GIS land use
coverage and subwatershed boundaries.

Results: A nutrient loading conducted by the District

and URI showed the following.

* The amount of phosphorus moving into the St.
Mary’s pond is estimated to be roughly five times
higher that the pond can assimilate without exces-
sive algal growth.

* agricultural activities and polluted runoff fromresi-
dential land contribute phosphorus to St. Mary’s
pond in roughly equal proportions.

* A combination of both agricultural conservation
practices and stormwater controls are needed to
effectively reduce phosphorus concentrations to
approach acceptable levels.

Acrion:

* The members of the St. Mary's watershed group
prepared a fact sheet summanizing their findings.
using the results of the GIS-based nutrient loading
and GIS watershed map, as shown in Figure 2.

* The group presented their findings to the Portsmouth
planning board and Aquidneck Island Planning Com-
mission. Both boards agreed to suppon efforts to
constructstormwater basins and seek funding through
Section 319 of the Clean Water Act.

* Portsmouth local officials and Newport Water
Supply Company are continuing discussions to
determine locations of basins and to resolve issues
relating to ownership and maintenance of basins.

Setting Up Local GIS Capability

With the advent of user-friendly Geographic Infor-
mation System software the possibility that local plan-
ners can incorporate geographic data in their land use
decisions is no longer just wishful thinking. In compari-
son to full-scale GIS systems, software technologies
developed or improved within the last few years are
relatively low cost, easy to use without exiensive train-
ing, and run on computers with 486 or Pentium proces-
sors typically found in most offices. These new technolo-
gies enable local planners to easily access and view
extensive resource databases and perform fairly sophis-
ticated watershed analysis with minimal investment in
equipment and staff time. For Rhode Island cities and
towns, the incentive to use GIS is particularly attractive.
The state RIGIS database is one of the most comprehen-
sive, high-quality and up-to-date compiled for a large
area and the data is readily available at low cost. All
municipalities are familiar with GIS products, having
received State-supplied GIS coverages of their commu-
nity for use in updating local comprehensive plans.

Hands-on short courses in user-friendly GIS soft-
ware, as a third tier of nonpoint training, enables planners
and other municipal staff to set up and use a local GIS.
Since local planning is a dynamic process, constantly
evolving as development pressures and management
opportunities arise, this capability is essential to contin-
ued use of geographic data for watershed management
over the long term. Thirteen Rhode Island municipalities
have participated in GIS training to date; almost all of
these communities have either established or are devel-
oping a local GIS.

Summary and Future Direction

The URI Cooperative Extension municipal training
program demonstrates the effectiveness of a tiered ap-
proach to nonpoint education and the value of incorporat-
ing GIS as both an educational and analytical tool. Based
on the success of the program we plan to continue offering
arange of training opportunities for local officials to meet
their interests and educational needs. including workshops
on priority topics and watershed-level short courses in
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watershed management. We are continuing to develop the
MANAGE method as a GIS-based watershed assessment
and nutrient loading tool. To promote use of geographic
data in local planning we will continue to offer workshops
and short courses in application of the user-friendly GIS
software. In addition, we will provide technical assistance
to municipalities in implementing local nonpoint source
controls as a follow-up to training in priority watersheds.
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