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Abstract

Landres, Peter; Spildie, David R.; Queen, LLoyd P. 2001. GIS applications to wilderness management:
potential uses and limitations.  Gen. Tech. Rep. RMRS-GTR-80. Fort Collins, CO: U.S. Department
of Agriculture, Forest Service, Rocky Mountain Research Station. 9 p.

Geographic Information Systems (GIS) are increasingly being used in all areas of natural resource
management. This paper first presents a brief primer on GIS, and then discusses potential applications of
GIS to wilderness management in the areas of inventorying, monitoring, analysis, planning, and commu-
nication. Outlined are the limitations and pitfalls that could compromise the effectiveness of a wilderness
GIS, and several suggestions are included for improving the chances of successfully using GIS in
wilderness management.

Keywords: Geographic Information Systems, GIS, remote sensing, wilderness, wilderness
management, spatial data, geospatial data, monitoring
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GIS Applications to Wilderness Management:
Potential Uses and Limitations

Peter Landres
David R. Spildie
LLoyd P. Queen

Introduction _ :
of how to build a wilderness GIS because every area

This paper introduces wilderness managersggs a unique set Qf goals_, conditions, threats, available
the potential benefits and limitations of using a Ge§@t@ and computing environment (the hardware, soft-
graphic Information System (GIS). Although some wilYare, and computer expertise); instead we offer a se-
derness managers are familiar with and routinely u§§ted set of references for people interested in these
GIS, there have been only a few published accoufft§nnical issues.

showing how GIS could be used to improve wilderness

management. For example, Kliskey (1994) used GIS

to explore how visitor perceptions varied from one area Background
to another, and Gimblett and others (2001) combined
GIS and simulation techniques to examine how alterna- Wilderness management decisions and actions are

tive trail systems would affect use by different groupbgased ideally on an intimate knowledge of the natural land-
and the resulting potential conflicts among these groupeape, its use, and the multitude of internal and external
Brown and others (1994) used GIS to assess how wkieats to wilderness. In reality, most wildernesses have
the prescribed natural fire program matched tlirsufficient information about current resource conditions,
presettlement fire regime in the Selway-Bitterroot Wilises, threats, and the interrelationships among these. This
derness in Montana and Idaho. In a broad use of Gk of information likely results from the perception that
Loomis and Echohawk (1999) assessed ecosystem tbpse areas are intact ecological systems with little need
resentation within the National Wilderness Preservatifar active management, and there are no commaodity val-
System. ues within wilderness, both suggesting that there is no need

The use of GIS in all areas of natural resourf@ new or better information. In addition, the large area
management is increasing dramatically, but our expeaird general inaccessibility of wilderness contributes to the
ence suggests that the people who manage wilderrggseption that collecting new information would be too
may not fully understand the benefits and limitations 0éstly and time-consuming. Exacerbating this lack of in-
this rapidly developing technology. Likewise, the peopfermation is inadequate staffing in proportion to the area
who know this technology may not understand the negdsvilderness managed, and traditional reliance on “shoe-
and constraints of wilderness and wilderness man&gx” recordkeeping and paper maps. These traditional
ers. This mutual lack of understanding results in lo¥eans for keeping records and analyzing issues worked
opportunities to improve wilderness management. well in their day, but in comparison to computer-based

This paper links these two disparate disciplinggethods, paper-based records are difficult to analyze and
of GIS and wilderness. Specifically, we discuss wheasily lost, especially as staff relocate or retire. In addi-
GIS is, highlight potential applications where GIS majon, interactively demonstrating the effects of different
substantially improve wilderness management, anthnagement options to the public on paper maps is diffi-
briefly discuss general approaches and limitations tigalt or impossible. Furthermore, understanding complex
should be considered in developing a wilderness GHEpatial relationships among different types of variables, such
We conclude that GIS offers a new way of thinking aboas$ the influence of trailhead location on the availability of
and improving wilderness management, a new way tisatitude and the influx of exotic plants, is difficult with
offers much promise but also poses substantial hurddeper maps, pecially for issues that cross traditional
and limitations. We do not discuss the technical issuggministrative boundaries.
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GIS and other rapidly developing Computer-baseaame 1. Examples of spatial objects and potential

attributes for each type of object.

technologies, such as remote sensing and spatial analysis;
offer the means for overcoming some of the problem . .
patial object

. I T f dat
mentioned above. The availability of large amounts o ype ot data

Attributes

geospatial data and powerful analysis tools to help under-
stand relationships among these different types of datagministrative
and being able to manipulate these data over large areastructures
for different planning goals, allow new ways of thinking

about wilderness. For example, programmatic questionéam site
about wilderness and other natural areas that could b&™"
asked with these new technologies include: What is the
contribution of wilderness to municipal water supplies?Trail

What is the contribution of wilderness to the protection of

wildlife? Where are the greatest opportunities for primi-

tive recreation and solitude? At the local level of manags;eam

ing a wilderness, questions might include: Where are weed

infestations the greatest and how are these changing over

time? Where are campsite impacts the worst and holake

might a quota system affect these impacts? Where could

trails be routed to minimize soil erosion and impacts to

wildlife habitat? Readily answering questions such as

these is the hope of GIS application to wilderness marnRecreation
agement. Fulfilling this hope, however, requires under- opportunity class
standing what GIS is and what it isn't, and its limitations.

Point

Point

Line

Line

Polygon

Polygon

Grazing allotment Polygon

Patent claim Polygon/point

GIS: A Primer

A GIS is a computer application that stores, re-gxotic plant
trieves, manipulates, analyzes, and disptg@yraphi-

Polygon/point

Name and condition
of buildings,
bridges, or culverts

Bare area, tree
damage

Name, amount of
use, length, mainte-
nance needs

Name, intermittent
or perennial

Name, amount of
accessible shore
line, number of
peak season users

Class
Leaseholder, (ani-
mal unit months)

Type of patent and
activity status

Species, date of
detection, density

cally referencedinformation orgeospatial data
Geographic referencing ties objects to a known location
on the ground and can relate this object to all other ob-
jects or features on the ground. Two basic types of data
are managed by a Gl§eospatial datahat define the
location of a feature or object on the ground,attribute
datathat describe the characteristics of this feature. Table
lillustrates different types of spatial objects and describes
potential attribute data for each. GIS offers the unique
ability to link spatial and attribute data, and then to ma-
nipulate and analyze relationships among them.

There are also two distinct GIS data structures Gfigyre 1. The same
ways that data are represented and stored within a GIS geospatial data can be rep-
vectorandraster. In a vector data structure, geospatial resented by vector (a) and
data are representedm@snts lines or polygons As ex- raster (b) data structures.
amples, fire rings or campsites would be stored as points, Ye¢tor ge(;’sf)a“a' data ae
trails or streams as lines, and forest stands or recreationgggg 'Z,en C%Sntféﬁt??gsrté;
opportunity classes as polygons (fig. 1a). In contrast, a geospatial data are orga-
raster data structure represents geospatial data in a regunized as cells in a matrix
lar grid ofcellsand the attribute applies to the entire cell of rows and columns that
(fig. 1b). Raster data provide continuous coverage of an SOver the entire area. b.
area. For example, a Digital Elevation Model showing
slope, aspect, and elevation in a grid for an area is a raster
data structure (fig. 2). A discussion of vector and raster
data structures and their specific benefits and limitations
is beyond the scope of this paper; readers wanting more

USDA Forest Service Gen.Tech. Rep. RMRS-GTR-80. 2001



Figure 2. A Digital Elevation
Model showing continuous
coverage of slope, aspect, and
elevation in a raster grid across
an entire area. This areais the
east side of the Cascade
Mountains in west-central
Washington State. Each regu-
lar grid cell is 1 km on a side.
Figure developed and provided
by Steve Brown at the Univer-
sity of Montana.

technical information should refer to the references in Gk because many different sources of information are
Appendix. All of the uses, benefits, and limitations of Gé#Ssembled into the final GIS database, and poor quality
discussed below apply equally to both vector and raster déttégbute data are difficult to discern on a map that other-
structures. wise “looks good.”

The attribute data of a GIS are stored in a rela- There are several different methods for entering
tional database and the geospatial data are stored in dduat into a GIS database. One method is to digitize (or
are commonly calleagnap coveragesmap layers or convert into electronic form) already existing maps us-
themes These layers, geographically referenced to one
another, are the core of the GIS (fig. 3). Each map layer
typically represents distinct features of interest. For ex-
ample, topography, trails, campsites, opportunity classes,
sensitive species habitat, and soil erosion potential all
could be map layers. The most important criteria used
to choose which map layers should be in the GIS are the
desired goals and the availability of data with the ap
propriatecontentand data resolution Management
goals determine everything else, from the types of da
that are used to the analyses performed and the ms
that are finally produced. Thmntentof a map layer
refers to both spatial and attribute data; the spatial daj
should be accurately located on the ground, and the §

COVERAGES

Hydrography (lines)

Trails (lines)

Recreation Opportunity
Class (polygons)

Campsites (points)

priate for the intended useBata resolutions dependent s

on the scale of the map (for example, 1:24,000 o Dol Pt ons)
1:100,000) and refers to the accuracy of the depictio pomis erpene
of the map elements. While a GIS can zoom in or out tp
magnify or reduce the view, no GIS can improve datg
quality, or increase the amount of detail once it is e
tered into a GIS. As is true for any information-basel
tool, if poor quality information is put into the GIS, mis-
leading information comes out. Also, as layers are added
and merged throughout the analysis process, errorsrgére 3. A GIS is composed of individual coverages, all geo-
compounded. These problems are especially acute in graphically referenced to one another.

Resulting Overlay

USDA Forest Service Gen. Tech. Rep. RMRS-GTR-80. 2001 3



ing a manual digitizer or a scanner. Manual digitizingeans for assessing and understanding the status and
can be laborious, depending on the complexity of thends of resource conditions, threats to these resources,
map layer, and may introduce significant errors depeadd the consequences of different proposed management
ing on the skill of the operator. Scanning is quicker aactions on these resources. In the past, this resource in-
provides a more objective electronic rendition of a paf@mation was stored in hard-copy documents and on
map, but requires access to a large scanner and israbgus. With GIS, this information can be stored digitally,
subject to several sources of error. Scanning errorgmiaking it readily accessible for evaluation and analysis,
clude linework that varies in width and continuity, inadnd it can be shared among wilderness managers, other
vertent smears or smudges, and incorrect or misstaff, and the public. Specifically, GIS offers the poten-
registration marks. For a complete discussion of sctéal-to significantly improve the accuracy and long-term
ning and scanning errors, see references cited in thedgst-efficiency of five basic actions of wilderness man-
pendix. Both manual and scanned data must be proafgeiment: inventorying, monitoring, analysis, planning,
and edited to correct inevitable errors that occur.  and communication.

One alternative to map digitizing is acquiring
digital data files from a GIS data clearinghouse, sucf] gi torvi
the U.S. Geological Survey, the USDA Forest Servi 'en oryin
or other government agencies that have many different  |nventorying is simply identifying things of in-

types of digital map coverages, such as political boufglest, their location, and their current condition, and is
aries, topography, and hydrography (streams and lakggarguably one of the earliest uses of GIS and now one
Other alternatives to digitizing include processing saigl-the most common uses. Campsites, fire rings, trails,
lite images to obtain vegetation cover, and, while in thgreation opportunity classes, common vegetation types,
field, using a Global Positioning System (GPS) to @ixotic plants, and vegetation types used by threatened
rectly record digital data on features of interest, sucha@¥l endangered species can all be inventoried and
the location and condition class of campsites. Digitahpped into a GIS. If GIS and other digital technolo-
files of map layers derived from satellite and other ges such as GPS receivers are not currently available
motely sensed images, as well as from a GPS, cafob&ise in a wilderness, it will take time and money to
directly entered into a GIS. A key consideration whgQy these new technologies and learn their use. In the
acquiring any digital data from other organizations is|ghg-run, inventory tasks will be easier and quicker with
review data content and format _standards in what istffsse new technologies. For example, inventory data can
ferred to as anetadata recordliterally, “data about pe directly entered into a GPS during field surveys and
data”). These metadata records help users evalygéf into the GIS. Finding particular maps, and particu-
whether data format, attributes, and source data resglidated versions of maps, would take less space and be
tion are appropriate for their intended purpose. far quicker on a computer than searching storage rooms
Map coverages from a GIS database, and restdihaper maps. Computerized maps are also easily up-
from GIS analyses, can be displayed and printed in giited as new or more accurate information becomes
ferent forms—maps, figures, and tables—and can alggilable. Most important, within a GIS all inventoried
be shared between different GIS software packagggibute information about map features is readily avail-

Some types of maps that are difficult to create using #Bte for tabulation, analysis, and graphical display.
ditional cartographic methods can now be easily pro-

duced using GIS. For example, within a GIS program it . |
is usually a simple operation twerlaydifferent cover- Monitoring

ages on top of one another to illustrate relationships, or Monitoring is the process of repeatedly measur-

derive an entirely new coverage resulting from the oy 4 attribute over time to determine changes in loca-
bination of two or more coverages. Similarly, modeligg, o condition. Nearly all of the resources traditionally
tools available in GIS software packages can easily ifitored by wilderness staff can be assessed within a

_(Ij_‘rj]ce map mea?urﬁmenlt_s and arllatlyé(?[ act;tlrlsbuted [8: including the amount of use an area receives; camp-
ere are many technical ISsues rejated to 1> and reglocation, condition, and size; the location and condi-

ers can refer to the texts listed in the References ghd ot official and social trails; the location and density
sidebar for more information. of exotic plants; or the location and condition of struc-
tures. By facilitating the storage, retrieval, and compari-
GIS Applications to Wilderness son o]‘ any attribute data over any time fram(_a, a GIS can
simplify the process of monitoring, assessing change,
Management and determining trends.
) Still in various stages of development, some in-
What can GIS do for wilderness managemeRihtory and monitoring needs may be accomplished by
The unique ability of a GIS to store, manipulate, apfinging satellite imagery and other remotely sensed data
analyze spatial and attribute data provides one of the msf wilderness directly into a GIS. For example, as-

4 USDA Forest Service Gen.Tech. Rep. RMRS-GTR-80. 2001



sessing vegetation types, wildlife habitat types, and @é#tegrate and overlay any number of data layers limited
tablishment of exotic plants or exotic insect pests only by the imagination and experience of the user — that
pathogens within a wilderness could be accomplisheffer the most promise to wilderness managers. A GIS can
by purchasing appropriate satellite imagery, classifyimgplore relationships and determine trends and conse-
the various components of this image, and loading thjisences of potential or planned actions. The analytical ca-
information into a GIS. With sufficient developmentpabilities of GIS allow wilderness managers to pose
this process could significantly decrease the time afggographic questions” (Falbo and others 1991). These
funding needed to inventory and monitor valued wildeguestions include: (1) What objects occur in a specific lo-
ness attributes in large and remote areas. A major treation? (2) What are the attributes of certain objects in
to watch for are spatial data from NASA's Earth Obsergertain locations? (3) What are the spatial patterns of cer-
ing System satellite, which will provide frequent, higkain objects? Specifically related to wilderness manage-
resolution data directly to the GIS user. ment, one could ask “Where are campsite standards
exceeded?” and determine if there are patterns in where
. these standards are exceeded by examining the relation-
Analysis ship of these campsites to other attributes such as eleva-
GIS is much more than a tool for making map40n, soil erosion potential, and proximity to lakes, streams,
It is the analytical capabilities of GIS — the ability t@r trailneads (fig. 4). Onecould ask, “What trails and

Emigrant Wilderness o
Stanislaus National Forest

O  Condition Class: 1-2.5

A

=

[
0

Condition Class: 3 -4
4 Stock Limit
No Stock Allowed

9000’ line, No Campfires
Above this Elevation

Trail N

Stream
Lake
0.3 0.6 Miles
[
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Figure 4. Campsites and areas
that are monitored in the Emi-
grant Wilderness, Stanislaus
National Forest. Campsite con-
dition class 1-2.5 is low impact
(0), 3-4 is high impact (A).
Campsite condition class is

OA monitored to assess change

9 S over time. Stock areas are moni-

% A tored for compliance and camp-
A ” fire rings above the 9,000 ft line

are identified for removal. The
GIS analysis allows wilderness
rangers and support crews to
easily identify monitoring areas
and sites where campfire rings
will be removed. Figure devel-
oped and provided by Marty
Gmelin.



campsites occur in habitat areas or corridors importah$ may also compel collecting better quality informa-
for species of special concern?” These areas could ti@mand new types of information because of the poten-
be monitored more frequently and trail rerouting planngéédl for improved analysis and planning (Coppin and
Using time-series analysis, it would be possible to @pueen 1995).
derstand how campsite and trail conditions are changing
over time. Or, one could ask “How would the paving ;f o
a new road close to a wilderness influence that are& mmunication
Using a GIS-based analysis, a wilderness manager could GIS is an effective tool for public outreach, com-
examine whether that new road might create habitat prgbe;cation, and education (Blinn and others 1993). GIS
lems for threatbent(ajd, end(_:mtgere;j, alnd ser(ljsmve (TES) Sb¢te ctive because most people understand information
cies, or overburden existing trai's, and even prégies e yeadily when it is portrayed graphically, and one
potential reduced impact on some areas of the wilqgly, o incinal outputs of GIS is a map, combined with
nesstcausiﬂ by Ithteh_new roe}[(rj] d'Splf‘C'?ﬁ ust(; frot;n.l.gllu%r data in graphical form. Land management issues
‘E)‘L?I‘; \?ir?l;]ecl)l rc()aaz'dsnwi tLSinCEtir?:bl g ?ﬁﬁe &Se oﬁtiol D& ften contentious, requiring a good understanding of
f It i d network ! d y N M&Keral variables and their interrelationships, and where
tir\(/)(;na?jvzrnntg l\(/aes r;)r? d Sii;lllj?/;:faar:as ?)sttﬁzze aelt((;cr)rTaFt)l% acts and potentials occur within the wilderness. By
Aot 9 o refor 1o i ges o ob 'Id'r?é Phically showing these interrelationships and loca-
exergi]ge; ers often reter o these as “scenario-bulldiiyd GIS-produced maps can improve communication
Manv wilderness managers intuitively know tr&meng management personnel and the public, as well as
y 9 y ong different stakeholders (Lime and others 1995).

answers to these questions. In these cases, a GISdig}er 5 GIS can be set up in public meetings to allow
not provide new information. Instead, the GIS provi fomediate exploration of “what-if’ scenarios to illus-

ng)ré%;ﬁrrir:] reg\c;é(rj t?r;?e;es r\?v?:Logang)ss Sggor':]%wnﬁ%%\fe potential effects and outcomes of different decisions.
: ging : BOt example, if one user group wants to improve road
filled and fragmented, and as personnel change, Sé\lf

long-term records will be invaluable. GIS tools also ss to a wilderness trailhead, a GIS could be used to
9 -~ - . Qhow the likely impact of a greater number of recreationists
low the decisionmaker to frame questions in alternatb

wavs to examine the sensitivity or efficacy of a aiv campsite conditions, density of people around lakes, and
. y . . y or € Yy 9V&Hects on trails. This information would be useful for man-
answer” to such questions. In addition, this computel

i-ed information allows other individuals who mav n Jers to communicate to various stakeholders the potential
y [Pacts and tradeoffs of different management alternatives,

be as familiar with a particular area to examine potenigly, o\ a5 16 improve communication among the different
relationships and analyze changes over time. If Gli tSkeholders

applied over entire management areas, the cumulative
effects of land management decisions could be analyzed

d others 1995). o : :
(Queen and others ) Problems and Limitations in Developing a

Planning Wilderness GIS

GIS could facilitate wilderness planning in sev- GIS is one tool among many that wilderness
eral ways. Once relationships among wilderness m&nagers can use. While GIS may be a valuable and
sources and threats to these are understood, managégse tool, there are basic issues in developing a wil-
could play “what-if” scenarios within the GIS, varyingderness GIS that must be resolved before any action is
different aspects of wilderness conditions and thret@ken, and several practical issues can prevent or com-
(Wing and Shelby 1999). For example, the location gamise the use of GIS (see sidebar 1 on Potential Prob-
intensity of different types of uses such as recreatiems with GIS). These basic issues include determining
mining, or livestock grazing could be altered one-atfaGIS is appropriate for the situation and which data
time to discern the effects of alternative managemkyers are necessary and sufficient to accomplish the in-
options. GIS could also allow greater integration of wiénded task.
derness planning across administrative units if these units ~ Assessing whether GIS is appropriate is crucial
are using a common, shared GIS database (Queenbgaduse there are substantial ethical issues about using
Arthaud 1994). The ability to share information acrd$gs sort of technology in wilderness, as well as signifi-
spatial scales, from a single wilderness to an entire f@nt costs in terms of time, effort, and money in devel-
est, State, and region, would facilitate and enhance laning a GIS. Borrie (2000) discusses the philosophical
scape-level planning (Landres and others 1998). Shawgiethical concerns about using such technology as GPS
and integrated data would also allow administrative unigseivers inside wilderness, as well as using this tech-
to more efficiently allocate budgets, time, personnel, arogy to manage wilderness. One of Borrie’s chief con-
responsibilities related to wilderness management.cens is the “loss of the unknown” and all that wilderness

6 USDA Forest Service Gen.Tech. Rep. RMRS-GTR-80. 2001



stands for in a world increasingly circled, studied, aadcomplish (see sidebar 2 on What GIS Is. What GIS Is

mapped by our technological devices. Borrie concludést). The substance of phase 1 is a systematic assess-

by asking: “How does technology irrevocably change nent of (1) who the GIS users are, (2) what their goals
and our views of wil- are, (3) what the anticipated products are, (4) what data

Sidebar 1 -. Potential Problems with GIS derness, and how do wand analyses are needed to provide these products, and

weigh the advantageg5) how decisionmakers will use this information. Also

* Poor planning and disadvantages ofluring this phase it is critical that all users assess their
Egg: Hgicnljfr;gemaﬁon technology?” Parsonsroles and.responsibilities in GIS adopti(_)n because most
 Data compilation s too involved ar_ld G_ra_ber (19_90)“users" will not be GIS te_chmme_ms trained to use the

and costly raised similar questionssoftware. Rather, they will provide data to be entered
* Overemphasis on technology about the role of scien-into the GIS, will use the products created by the GIS, or
* Unrealistic expectations tific activities in wilder- will work with a GIS technician to pose questions dur-

ness, and the necessiting “what-if” scenarios.
of understanding the relative benefits and costs of ac- Phase 2—design—matches user needs and expec-
quiring knowledge about wilderness. tations to the appropriate GIS functions. Included in this
Although every situation is different, GIS pragshase are tasks of software selection, allocation of resources
titioners have developed recommendations for initiatitigtraining and education, and staging or scheduling tasks
these types of projects and ensuring that costs are ama-outcomes so that progress toward planning goals can
trolled. One recommendation is a systematic plannimgymeasured. Phase 3—implementation—is where many
and design process prior to GIS acquisition, startupueers assume that GIS projects actually begin. During phase
the initiation of a new project on a GIS that has alreaBl\data are compiled, maps digitized, metadata records com-
been established (Blinn and others 1993). Somers (198ie}, analyses conducted, and output products (for example,
developed the GIS Lifecycle planning and design frarmeaps, tables, charts) are generated. Phase 3 is the realiza-
work, consisting of a “data core” and four cyclical phastan of the planning and design goals (see sidebar 3 on Re-
of GIS adoption (fig. 5). At the center of the Lifecyclguirements for Successful GIS Implementation).
are the spatial data that are to be managed and analyzed Finally, in phase 4—maintenance—data must be
by the GIS user. In this framework, data appropriatek&pt current and up to date. Users may require addi-
the desired analyses are the core of the GIS effort. Atsmal training in use of software, system upgrades may
with the growing role of the Internet and local networke& needed, and the overall effort may be expanded from
in connecting different GIS users, data sharing and camilot to a full implementation. These maintenance tasks
sequent liability are issues that should be anticipatdehrly are necessary to support ongoing GIS use but may
(Freimund and Queen 1996, Blinn and others 1993).also be required even if the project has no longer term
The four cyclical phases of the GIS Lifecyclprogrammatic use. That is, even if user needs are met at
are common-sense steps in project design and analysisclose of phase 3, the data compiled for the project
that are often overlooked in the “technical” arena of Gi8ay have real utility for other uses or uselainte-
Phase 1—planning—begins with the cruciabnce of data and expertise developed earlier in the GIS
guestion “why consider a GIS?” Many planning, moriifecycle guards that investment and provides the opportu-
toring, and assessment tasks can and are effectivelynagfor a longer term return on the original investment.
complished using methods other than GIS. Users need Users need to be aware of the limitations and
to be aware of what a GIS is and is not designedatitled costs of selecting GIS-based data management and
analysis. The success of a GIS project will ultimately be
measured against the abilities of the system to meet and
respond to user needs and expectations (see sidebar 3 on
Requirements for Successful GIS Implementation). The
structured planning process should carefully consider the
design and adoption of GIS, with the setting of clear,
reasonable design goals that can be used to measure the
return on a GIS investment. In many instances, users
may decide that pilot or prototype projects are useful for
testing the feasibility and costs of a GIS solution.

Maintanancs @ . .
. Conclusions

Imgl s atian

Figure 5. The GIS Lifecycle denoting four distinct phases ~_ Increasing use of GIS in many areas is insufficient
shown in boxes (from Somers 1990). See text for expla-  justification for developing a wilderness GIS: time and fund-
nation of this figure. ing are in too short a supply for wilderness managers to
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Sidebar 3 -- Requirements for Successful

GIS Implementation

* Funding and administrative support

* Willing users

* Knowledgeable staff

* Cost-effective applications

* Appropriate hardware and software

* Adequate and appropriately scaled
GIS data

* Implementationplan that includes
how GIS products will support
decisionmaking

* Monitor and evaluate effectiveness
of GIS improving resource
management

* Clear protocols for data handling
operations

jump on bandwagons oGimblett, H. R., M. T. Richards, and R. M. ltami. 2001. RBSim
adopt the newest tool in gelog][anhic simggitzig)gé)fl\l/\éildemess recreation behavior. Jour-
nal of Forestry :36—42.
Searc.h of a prOblem'Kliskey, A. D. 1994. Mapping multiple perceptions of wilderness
Experience has shown i, New zealand, II: An alternative multivariate approach. Ap-
that selecting an appro- plied Geography 14:308-326.
priate GIS solution thatLandres, P.B., S. Marsh, L. Merigliano, D. Ritter, and A. Norman.
meets user needs and 1998. Boundary effects(,:i orr: wilderness ang other( natural arr]eas.
: Pages 117-13@ Stewardship Across Boundaries (R.L. Knight,
expectat_lons can be P.B. Landres, editors). Island Press, Washington D.C.
Cha”e_ng“'!g- Refer-Lime. s.. D. Lime, L. Queen, and M. Lewis. 1995. Using the Internet
ences in this paper (and to communicate tourism, recreation, and resource information.
in the appendix) will Pages 330-33m Proceedings of the Trends in Recreation Re-
help the reader under- source Management Conference. St. Pagl, MN. _ _
stand the issues and the®°™mis: J., and J. C. Echohawk. 1999. Using GIS to identify un-
“ . . . der-represented ecosystems in the National Wilderness Preser-
learning curve” associ-  yation System in the USA. Environmental Conservation
ated with new or ex- 26:53-58.
panded GIS projects_Parsons, D. J., and D. M. Graber. 1990. Horses, helicopters, and hi-

GIS projects can flounder on poorly defined goals and théch: managing science in wilderness. Pages 9@-Rreparing

use of poor quality or inappropriate data. Without clearlyt
stated goals and precise questions or objectives, GIS can

0 manage wilderness in thes2¥ntury: proceedings of the con-
erence (P.C. Reed, compiler). USDA Forest Service General
hnical Report SE-66, Southeastern Forest Experiment Sta-

easily mired in costly details of technology and data. Iftion, Athens, GA.
anything, the lack of clearly defined goals and adequateen, L., and G. Arthaud. 1994. Database design for integrated

planning is exacerbated by using GIS.
Despite these concerns, GIS can bring signific

multiple ownership data sets. Northern Journal of Applied For-
stry 11(3):73-79.
ueen, L., K. Brooks, and W. Wold. 1995. Assessing cumulative

benefits to wilderness management, and we firmly beli€Veftects in the Nemadii River Basin, MN. Pages 239-i24@a-
that wilderness managers need to be proactive in undetershed Management: Planning for the 21st Century (T.J. Ward,
standing what GIS is, how it can be used, and its limitaeditor). American Society of Civil Engineers, New York, NY.
tions. Introducing GIS into wilderness management n%&ymers, R. 1990. Management topics in GIS development. URISA/

fundamentally change the way data are compiled, analyze@’
and shared. Ultimately, GIS is not so much about a new

IS ‘90 Workshop (J. Antennuci and A. Levinsohn, editors).
rban and Regional Information Systems Association, Vancouver,

technology as it is a stepping stone for a new way of thikig, M., and B. Shelby. 1999. Using GIS to integrate information
ing about and improving our understanding of wildernessn forest recreation. Journal of Forestry 97(1):12-16.

and its management.
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RMRS

ROCKY MOUNTAIN RESEARCH STATION

The Rocky Mountain Research Station develops scientific
information and technology to improve management, protec-
tion, and use of the forests and rangelands. Research is
designed to meet the needs of National Forest managers,
Federal and State agencies, public and private organizations,
academic institutions, industry, and individuals.

Studies accelerate solutions to problems involving ecosys-
tems, range, forests, water, recreation, fire, resource inven-
tory, land reclamation, community sustainability, forest engi-
neering technology, multiple use economics, wildlife and fish
habitat, and forest insects and diseases. Studies are con-
ducted cooperatively, and applications may be found world-
wide.

Research Locations

Flagstaff, Arizona Reno, Nevada

Fort Collins, Colorado* Albuquerque, New Mexico
Boise, Idaho Rapid City, South Dakota
Moscow, Idaho Logan, Utah

Bozeman, Montana Ogden, Utah

Missoula, Montana Provo, Utah

Lincoln, Nebraska Laramie, Wyoming

*Station Headquarters, Natural Resources Research Center,
2150 Centre Avenue, Building A, Fort Collins, CO 80526

The U.S. Department of Agriculture (USDA) prohibits discrimina-
tionin allits programs and activities on the basis of race, color, national
origin, sex, religion, age, disability, political beliefs, sexual orientation,
or marital or family status. (Not all prohibited bases apply to all
programs.) Persons with disabilities who require alternative means for
communication of program information (Braille, large print, audiotape,
etc.) should contact USDA's TARGET Center at (202) 720-2600 (voice
and TDD).

To file a complaint of discrimination, write USDA, Director, Office
of Civil Rights, Room 326-W, Whitten Building, 1400 Independence
Avenue, SW, Washington, DC 20250-9410 or call (202) 720-5964
(voice or TDD). USDA is an equal opportunity provider and employer.
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