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INTRODUCTION 

The title of this thesis project features three broad, yet different, elements of 

study: a specific public agency (the National Park Service), an ecology-related 

procedure of manipulating the environment (management of natural resources) 

and in the center, a modern computerized planning and design tool (the 

Geographic Information System). This composition of elements, which can 

easily be paraphrased as a simple user-work-tool relationship, suggests a close 

and common ground shared by all individual parts. With some understanding 

of the character, functions and quality of each of these parts, and with some 

knowledge about National Parks, natural resources and the way computer 

technology can find its place within the first two components, few will seriously 

question the existence of a logical tie that links the individual parts together. 

The title of this study might imply that an evaluation of the Geographical 

Information System's role in the National Park Service (NPS) would be mainly a 

technical task. However, several non-technical issues such as the historical 

and institutional situation of the Park Service, and different approaches towards 

the management of natural resources, increase the complexity of this topic's 

scope. The implementation of a Geographic Information System has a 

relatively short history in the resource management of the National Park Service 

and not all connections between the three components have been made yet. 

In order to illustrate the character of recent developments, the metaphor of 

an unfinished construction site with intersecting routes which come from very 

distant places and sometimes from opposite directions can be used. The oldest 



route is long and winding and belongs to a bureaucratic apparatus. While still 

ascending to the highest and most glorious altitudes of American ideals, this 

route was also forced, in recent years, to descend to the shady lowlands of 

harsh critique and merciless accusations: the life road of the National Park 

Service. 

Relatively late (some persons would say far too late), the ideas and 

principles of science based resource management began to modernize 

traditional methods of park management. Road construction for this intersection 

of management techniques is still underway and a number of sections (park 

units) have yet to be completed. 

Only within the last few years has this development been joined and nearly 

overtaken by the emergence of traffic from the fast lane of computer technology 

-- the National Park Service (NPS) discovered the Geographic Information 

System (GIS). 

As mentioned earlier, the author considers the GIS mainly as a tool for the 

user. In this sense, it will be important to find out whether this tool can fill the 

empty spaces on the wide screen of resource management and whether it can 

help to draw the very fine lines which are necessary to accurately capture the 

outside world. In order to effectively achieve this goal, the work also has to take 

a thoughtful look at the painting itself, it will have to deal with the ecosystem 

goals in parks and wilderness areas. Hence, the role and function of the NPS 

for the future management of natural resources in America, as it appears in 

NPS's own formulated view, in the eyes of the public, and to other external 

(qualified) observers, is of major interest. 
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The study's major objectives will be the technical and institutional 

phenomena of the GIS implementation as well as its role within the specific park 

goals and the general management philosophy of the National Park units. 

Drawing upon literature, material from the existing NPS experiences, and 

data gathered from a telephone survey among 21 GIS-using park units, this 

study will examine the intersection between National Park Service policies, 

resource management strategies, and the computer technology. The analytical 

part will be followed by recommendations for the improved performance of 

functional aspects of natural resource management in the Park 

System. 

3 



CHAPTER 1: AN EVALUATION STUDY 

1.1 STATEMENT OF PROBLEM 

A thesis which deals with a multifaceted topic like this one will necessarily 

have to focus on only certain aspects of the general subject. The decision to 

study the National Park Service has several bases: 

- the long history of this agency in the preservation of natural areas, 

- the worldwide reputation of this agency for the high quality of their 

achievements within the conservation movement, 

- the value and size of wilderness areas which are administered by the 

NPS, 

- the function and qualities of the protected areas for global ecological 

systems (e.g. wildlife, air, water, soils), 

- the amount of data which must be dealt with for advanced resource 

management in National Parks, and, 

- the actual experience of the Park Service in using the GIS for these 

goals. 

By concentrating on the management of natural resources, rather than 

looking at all (including cultural based) park units, the study intends to focus on 

only a special aspect of the general topic and to respond to the following 

underlying characteristics : 

- the management of natural resources requires the handling 

of large data bases (inherent to GIS), 

- the management of ecologically relevant data can exceed 

administrative boundaries, 



- the management of ecologically relevant data needs to be 

combinable and transferable to adjacent data management 

units (both NPS units and other land managing agencies) 

- a solution for the urgent problems of our environment 

justifies highest priority when selecting strategies and 

assessing their appropriateness and success. 

The decision to concentrate on parks with mainly natural resources was 

confirmed by the results of a recent study among GIS users in the Eastern part 

of the United States (North Atlantic Region Study, 1988) which found that the 

GIS is less appropriate for small and culture oriented park units. 

Traditionally, the management of natural resources was based on spatial 

data collected by navigators, geographers, botanists, and surveyors, and 

rendered into pictorial form by map makers or cartographers (Burrough, 1986). 

While these maps were very helpful for general purposes like the topographical 

interpretation of the earth's surface, modern resource management ventures on 

more complex and detailed operations. The spatial manipulation of various 

interrelated data layers within one geographic unit, the advanced accuracy and 

quantity of aerial photography and remotely sensed data, and the sophistication 

of research methods for land studies, make computer applications an almost 

imperative objective for the management of natural resources . 

The Geographic Information System (GIS) is an advanced computer 

technology for the performance of sophisticated resource management. It 

allows the collection, storage, retrieval, transformation, and display of various 

forms of geographical data. 
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This study will examine the intersection between National Park Service 

policies, resource management strategies and the computer technology. What 

appears as an integrated system of highly advanced technology into the 

organization of a modern 

administration, will also have to deal with controversial questions like: Who will 

make the decisions in the future? How will those decisions be made? What will 

they be based on? An encounter between John Muir's adherents and the 

"Mcintosh" generation of the Eighties might lead to some fearful thoughts, such 

as : Will the future of the National Parks will have to rely on the capability of a 

computer program and on experts who talk and think in the language of a 

FORTRAN or PASCAL program, but who might not be able to differentiate a 

spruce from a hemlock tree.? Or will the ranger, who "literally never has seen 

any aerial photograph" (Frank Westerlund, 1989) still base his or her 

management decisions on the loudest complaints of last year's most disturbed 

visitor? Although these questions certainly exaggerate the topic's character, 

they sketch a tendency which can easily be sensed when entering the 

discussion with experts from both sides, the GIS technology and the NPS. 

1.2 PURPOSE OF THE STUDY 

The purpose of this study is to evaluate the appropriateness and efficacy of a 

GIS for the planning and management of natural resources in the National Park 

Service. Drawing upon literature, material from the existing NPS experiences, 

and data gathered from a telephone survey, this study will give 

recommendations for the performance of technical and functional aspects of the 

management of natural resources, rather than looking at all (including cultural-
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based) park units. The study is designed to focus on the following four main 

categories of interest: 

1. technical phenomena of the GIS implementation (hardware/ 

software), 

2. institutional phenomena of the GIS implementation (staff 

training/decision making), 

3. expectations of the NPS and its units towards the benefitsfor 

the specific management goals and future tasks, and, 

4. function of the GIS within the management philosophy of the 

NPS (how much of a tool?) 

Due to the scale and frame of a thesis, this approach will limit the analysis 

and description of only indirectly related subjects (like the history of the NPS 

and the GIS, technical details of computer science, and concepts of 

ecosystem management) to Chapter 2 and will be interwoven among the 

summarizing paragraphs. 

Major analytical parts of this study, however, are based on data gathered in 

telephone interviews which directly sampled facts, opinions and attitudes held 

by National Park units with actual GIS experience in resource management. 
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CHAPTER 2: LITERATURE REVIEW 

2.1. RESOURCE MANAGEMENT 

2.1.1. History of Resource Management 

The history of resource management in the United States is very much 

intertwined with the early history of the nation. While the "Era of Abundance" 

seemed to promise limitless resources for the never ending waves of incoming 

European settlers, the following "Era of Exploitation" ended in 1890 with the 

shocking realization that there was "no frontier line remaining" (Fazio/Gilbert, 

1982, p. 17). 

Around 1880, men like George Catlin, John Muir, Frederic Law Olmsted, 

Charles W. Eliot, Stephan Mathers, and others expressed their concern for 

America's land resources which were being exploited at an alarming rate 

th-ough overgrazing, overcutting, and general misuse (Miller, 1985). During the 

"Era of Preservation" (1890 - 1930), the Congress responded by passing the 

Lacey Act (1900, regulated hunting), the Antiquities Act (1906, protection of 

wilderness areas), by establishing the National Park Service (1912), by passing 

the National Park Service Organic Act (1916), and by founding the Bureau of 

Biological Survey (1905). The Forest Reserve Act from 1891 was the basis of a 

national forest system and forestry became the first and for most natural 

resource profession. Pinchot had formed a cadre of foresters that was model for 

all other resource disciplines (Shanks, 1984). Especially during the presidency 

of Franklin D. Roosevelt in 1930, the federal role in land management 



expanded as a reaction to the Great Depression. Roosevelt alone set aside 

150 million acres of public domain. 

Many years later, the major political and social changes of the 1960s 

produced another wave of environmental consciousness. As a result the 

Congress passed in 1960 the Multiple Use - Sustained Yield Act and in 1964 

the National Wilderness System was created as a major instrument for the 

preservation of federal land. 

Today, approximately 42% of the total land of the U.S.A. is owned by the 

nation's citizens (see Figure 2.1) and is managed for them by federal, state and 

local governments. Federal public landholdings are distributed among several 

departments and agencies (see Table 2.1). 

Table 2.1.: Land Areas Owned and Administered by by Federal Agencies in the United States in 

1982 (Miller, 1985, p.169) 

Agency 

Bureau of Land 
Management ol the 
Department ol the 
Interior (DOI) 

U S Forest Service 
of the Department 
of Agriculture 

Fish and Wildlife 
Service of the DOI 

National Park 
Service of the DOI 

Department of 
Defense 

Other agencies 

Name ol 
Landhofrjing 

National Resource 
Lands 

National Forests 

National Wildlife 
Refuges 

National Park 
System 

— 

— 

Pe'ceniage of 
AII u S Lanci 

15 

s 

4 

3 

1 

3 

Although the public agency does not apply the management of natural 

resources to the larger part of the country (56% in private ownership, 2% in 

ownership of native American Indians) the remaining 1,235,000 square miles 
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Figure 2.1: Land ownership in the United States (Source: U.S. Dept. of the Interior, Bureau of 

Land Management; in: Miller, 1985, p.167) 

still represent an enormous contingent of m )ural resources and feature some of 

the most valuable natural areas of the world 

"The publicly owned lands are the ideal lands of America, 

the pristine continent from ,vhich the nation rose with 

greatness. ...They are the spiritual heart of this nation, and 

because of the forces of history and geography, they are 

also the most evocative territories in the country." 

(Shanks, 1984, p. 26) 

The sixties, fueled by publications like Rachel Carson's "Silent Spring", 

widened the scope of environmental awareness. The National Environmental 

Policy Act (NEPA) of 1969, the Forest and Rangelands Renewable Resources 

Planning Act (1974), the National Forest Management Act, and the Federal 

Land Policy and Management Act (1976) 

strengthened public involvement in resource management decisions. At the 

same time, the prognosis of the Club of Rome (1972), later of the "Report to the 
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President - Global 2000" (1976), and the first Red Data Book from the Survival 

Service Commission (part of the International Union for the Conservation of 

Nature and Natural Resources, 1966), and the first world energy crisis (1974), 

set the stage for a dramatic ^interpretation of the notion of "Spaceship Earth". 

2.1.2. New Directions in Resource Management 

The growing understanding of a world that functions like a 

complicated organism and is based on the principle of a complex ecosystem 

with multiple, interrelated subsystems found its way into the public mind. The 

realization of how human activities can effect ecosystems in an irreversible way 

and can cause substantial negative impacts on the quality of human life 

essentials (water, air, food) gave rise to the conviction that it is necessary but 

not sufficient to establish National Parks,"... dedicated and set apart as a public 

park or pleasuring ground for the benefit and enjoyment of the people" 

(Congress about Yellowstone NP in 1872, NPS, 1985 a, p. 6). The idea of 

creating a preservation area which from then on would continuously provide the 

public with reliable benefits turned out to be a heavy misconception of the 

reality. "All conservatism is based upon the idea that if you leave things alone 

you leave them as they are. But you do not. If you leave a thing alone you 

leave it to a torrent of change."( G.K. Chesterton, in: Chase, 1986, p.9) Hence, 

the necessity for active management of natural resources in order to enhance, 

mitigate, and correct, became a widely accepted practice - sometimes, 

however, with highly questionable results as in Yellowstone NP (Chase, 1986). 

Hickey (1974) expressed fear about the "management" idea because it 

consequently implies human decision making and manipulation within a field 
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that is supposed to be in its optimal condition due to of the lack of human 

involvement. 

Reasons for failed management efforts of the past were largely based on 

insufficient knowledge about the character and distribution of natural resources 

(Wright, 1986) and their significance in an overall context. However the 

situation has begun to improve. 

"Resource management in the past two decades has 

become increasingly sophisticated. Computers for handling 

data, modeling complex situations to help with decisions, 

and for communication, have become more important than 

the Jacob's staff compass or tally sheet. Stereoscope views 

have been supplemented with remote sensing devises in 

satellites that can pinpoint disease problems or aid in the 

planning of land use decisions. Biometrics, telemetry, 

wildlife behavior and nutrition, and biochemistry are bywords 

of today's natural resource manager. Slowly, human 

behavior, cultural norms, networking, and the monitoring of 

public opinion are also finding their way into the working 

vocabulary of the modern resource manager." (Fazio/Gilbert, 

1986, p. 22) 

The realization that an interdisciplinary approach to problem-

solving must be considered as a crucial goal changed the role of resource 

management in a revolutionary way. The international scientific program of 

"Man and the Biosphere"( UNESCO, 1984) represents an effort to give life to a 

holistic vision which looks at the world as one ecosystem. This ambitious task 

can only lead to successful results when the management of natural resources 

is being used on a qualitatively and quantitatively high level of performance. 

Inventory, monitoring, access, retrieval and transformation of data are the 


