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PREFACE 

Research on the topic covered in this volume was begun five years ago 
when the author was a graduate student in the Department of Geography and 
Regional Planning, Western Washington University. His M.S. thesis pro-
vided a oasis for further research undertaken as a result of two NASA--
Ames University Consortium Agreements--~CA2-0R862-801 (completed December 
1978) and NCA2-0R862-001 (completed July 1980). The first of these was an 
investigation of data use and data processing practices of agencies and 
firms in the Pacific Northwest, the second an analysis of environmental 
data handling in geographic information systems in the Pacific Northwest. 

The present publication, included in the Occasional Papers ser~es of 
the Center for Pacific Northwest Studies, is an edited version of the 
report submitted to the NASA-Ames Research Center in July 1980. 

Apart ,from a number of minor editorial changes, some reorganization 
of the material has been undertaken. However, the findings of the report 
and the mass of factual information that was gleaned and sorted from the 
questionnaires remain intact. 

It is a pleasure to include in the series a volume we hope will be 
a useful reference work in the social and environmental sciences. 

February 1981 
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James W. Scott 
Director 
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I. INTRODUCTION 

The report on which this publication is based was prompted by signifi-
cant interest in computer-assisted methods for the storage, manipulation, 
analysis, and display of spatial data. Many public agencies, research 
institutions, and private corporations have found computer-assisted methods 
for handling data to be cost-effective. This is especially true if the 
volume of data is great, if many types of data are to be analyzed, if 

diverse output products are desired, or\i..f time is a factor. Many gener-
ators of primary data at the federal and state levels have recognized ef-
ficiencies in the collection and storage of spatial data in digital form, 

in addition to conventional mapped form. Nationally, many states and 
various resource management, planning, and environmental protection agen-
cies within states, as_well as municipalities and their agencies have 
developed--or are in the process of developing--land and natural resource 
information systems. 

The specific purpose of the study is to investigate issues of en-
vironmental data use and data handling practice in these particular data 
processing systems, and the problems that may arise for the ultimate users 
of these systems and the data they provide. Recognizing the present trends 
toward computer storage of environmental data bases, and the increased 
interest in and use of computer-assisted methods for spatial data handling, 
this report seeks to provide users of environmental data with additional 
information upon which to base data management decisions. The report is 
therefore directed at users of primary and secondary environmental data 
but more specifically the persons within agencies who make data manage-
ment and information use decisions. A basic familiarity with computer 
terminology and issues of spatial data handling is assumed. 1 

1A glossary of terms is provided at the end of the volume on page 147. 
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NARROWING THE FOCUS 

Content 
The primary concern of this investigation is spatial data handling, 

which encompasses the following operations: 1) data acquisition; 2) 

changing the data to useful formats; 3) storing the data in or on some 

medium; and 4) retrieving and manipulating the data for display and analysis 

(I. Calkins and Tomlinson, 1977, p. 35). 2 Spatial data handling systems 

vary greatly depending upon the functions they serve, although each in some 

way performs all of the above mentioned operations. The spatial data col-

lected will include observations, sta~istics, _modeling results and like 

information concerning geographic features, locations, distributions, and 

areas represented as points, lines, or area coverages. Spatial data 

handling systems include data base management systems, map production (carto-

graphic) syRtems, geographic information systems, and various special hard-

ware and software configurations. The term system is used loosely to refer 

to techniques and equipment to perform operations on data. 

The spatial data with which this study is particularly concerned are 

such natural resource and environmental data as soils, geology, hydrology, 

and climate. The study focuses on the characteristics of the systems which 

handle these data with computer assistance, and the experience of the users 

of these systems. These systems and the agencies which use them are of par-

ticular importance because they represent attempts to standardize data 

handling procedures and practices, and demonstrate the utility of computer-

assisted data handling techniques. 

The Region 
The Pacific Northwest, for the purpose of .this study, refers to the 

states of Idaho, Washington, and Oregon. The choice of the Pacific North-

west as the study region, though determined in large part by geographical 

proximity, is especially appropriate due to the existence of an innovative 

program of data and technology application that involves federal, state, 

and local agencies. The program is administered by a task force of the 

2The reference notation refers to entries in the bibliography, which 
is divided by subject. The Roman numeral refers to the subject heading in 
which the reference may be found. 
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Pacific Northwest Regional Commission. The task force is comprised of 

representatives of data users, and it includes also representatives from 

NASA and the United States Geological Survey. The program, now called the 

Landsat Applications Program, began with a series of demonstration projects 

which were to evaluate the use of Landsat imagery for various disciplines. 

One phase of the project was an investigation of the feasibility of an 

operational land resource information system for the region. Within each 

of the three states, various state agencies are developing information 

systems to serve statewide data needs, while municipal governments and 

corporations are in various stages of system design. There are thus many 

practical applications for which this study is directed. 

Need 
Computer-assisted spatial data handling is possible due to many recent 

technological advances and, as the technology continues to change, new ap-

plications are made possible. Because of the many recent developments, 

there is an acknowledged need to know "who is doing what?" "what is avail-

able from where?" and "what is possible when?" The inventory of what exists, 

what problems may arise, and what is desired are basic preliminary steps 

for information system design. When the Technology Applications Task Force 

was approached to endorse a study of computer-assisted spatial data handling 

in the region, it was recognized that increased knowledge of the character-

istics and needs of spatial data users, and also insights into the present 

state of application of computer-assisted techniques could be very useful 

for technology transfer decisions, as well as providing an excellent refer-

ence work for participating agencies and interested individuals. 

The Task Force had previously sponsored a study of user need for an 

operational Landsat data analysis system in the region (III. Westerlund 

and Wilson, 1977), but that study was limited with respect to the purpose 

of the present investigation in the following ways: 

1. The agencies surveyed were limited to selected agencies 
participating in the resources inventory demonstration 
project; 

2. The focus of the study was upon the use and investigation 
of Landsat and related data provided by remote sensing. 

It was thus recognized that this research would complement and enhance the 

information gathered under the previous User Needs Study and provide, by 
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association, added insights about computer-assisted spatial data handling 

in this country. 

OBJECTIVES 

Following a review of the literature on spatial data management_, in 

particular that concerning information system design and evaluation models, 

[I.Calkins 1972; I. Dueker and Horton (undated); I. Shelton and Hardy 1974; 

I. Calkins and Tomlinson 1977; and I. Tschanz and Kennedy 1975] four ob-

jectives were identified for the present study, and a series of questions 

formulated. The four objects are as follows: 

1) to study the issues of data selection and use in an informa-

tion system design context; 

2) to develop a preliminary directory of geocoded environmental 

data and geoprocessing systems in the region; 

3) to determine which type of applications, geographic data 

parameters, and data processing capabilities are most preva-

lent and pref erred for the various types of geoprocessing 

systems and for the types of agencies for which the use of 

environmental data is routine; 

4) to comment upon the status of geoprocessing in the region; 

and 

5) to evaluate the appropriateness of the research technique for 

the inventory and analysis of spatial data handling needs and 

practices. 

And the nine questions: 

1. What are the implications of the choice of various data-
handling options upon systems design? 

2. What systems are now in use in the region? What tvpes of 
agencies have them, what are their principal character-
istics, and what are they used for? 

3. What categorical types, hardware/software configurations, and 
data handing capabilities of systems are characteristic of 
different types of users, and what are the characteristics 
of different types of systems? 

4. What are the perceived data and geographic referencing needs 
and system use objectives of different types of users? 
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5. What types of editing, spatial analysis, and display functions 
are the most prevalent and preferred by different types of 
users, and performed by different types of systems? 

6. What is the present availability of computerized spati,al data? 
What types of data are in the systems, and wbat are tbe cbarac-
teristics of these data? 

7. What are the principal sources of spatial data for information 
systems? 

8. Are geocoded data and the software programs which transform 
the data into usable form transferable and available for use 
by other agencies? 

9. What factors limit the expanded use of the information systems? 

It should be noted, however, that ~he purpose of this study is not to 

evaluate the limitations or potentials of any particular systems, but 

rather to gain knowledge of the ways computer-assisted spatial data handling 

systems and techniques facilitate the handling of environmental data, and 

to learn about the data handling, spatial analysis, and data requi_rements 

and practices of different user groups, and the potential appli.cat ions and 

limitations of groups of systems. 

DEFINITIONS AND DELINEATIONS 
Systems 3 which store or process spatial data, with computer assistance, 

in such a manner that both the data and a geographic identifier are a part 

of the same data record--and can therefore be retrieved tog~ther for display 

and analysis--are called geographic information systems, automated spatial 
data handling systems, geobased systems or geoprocessing systems. The 

series of requisite operations is called digital spatial data handling or 

geoprocessing, and the data which form the ~patially defined computerized 

record are called digitized, geocoded, and georeferenced, or geoprocessed 
data. All of the systems evaluated in this study consist of computer hard-

ware and software which store and process spatial data, and georeferenced 

data records, often a maintained data base, which contain spatially dis-

tributed observations, events, or features. The sophistication of these 

varies greatly. 

The terms "data" and "information" are used interchangeably to mean 

elements of description, even though there is a recognized distinction. 

3The term "system" is often used as a shortened form of computerized 
or computer-assisted spatial data handling system. 
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Data is normally defined by the particular users according to .their pur-

poses. For the purpose of this report, the term 11data11 is considered to 

be "facts., statistics, maps, observations, modeling results, etc., col-

lected, processed., stored, analyzed, or otberwise manipulated during the 

course of a program to produce information. 11 The term uinformation'-' refers 

to data which are deliberately acquired and formatted to be of some use. 

Any reference to "data" or "information" also assumes a spatial reference. 

"User need" is implied to mean any product, characteristic, or capa-

bility requested (e.g., desired) by a user. A user may be an individual, 

agency, or division, for which interest in the use of spatial data is 
. l" d 4 \ imp 1e • 

Environmental data are considered to be that subset of all spatial 

data which define naturally-occurring phenomena and their characteristics. 

Another term to substitute for environmental in this context might be 

physical geographic or natural resources. Examples are the character-

istics and nominal representations of features of the atmosphere, geologic 

phenomena, soils, physiographic phenomena, vegetation, and hydrologic 

phenomena that have discrete spatial boundaries. Such data may also in-

clude, by virtue of spatial generalization and interpretation, character-

istics of zones of air quality, climate, habitat, visual quality, natural 

resource availability, etc. Specifically excluded are those entities which 

change their location quickly in time, move about in space, or have a 

separation in real distance less than the resolution (I. Kennedy and Meyers, 

1977, p. 6). 

THE SURVEY 

The survey which provided data for the present study was performed 

between June and December 1978. The record of the survey is contained in 

a previous report prepared for the NASA~Ames Research Center (III. Gordon, 

1978). The latter describes the purpose and origin of the survey, the 
content and conduct of the survey, and a preliminary record of response. 

A mailed questionnaire, followed by in-~erson or phone interview, was the 

method chosen to conduct the survey. 

4The characterization of the terms "data," "information," and "user 
need" is paraphrased from: I. Power, 1975, p. 9. 
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The Survey PopuZation 
The survey population consisted primarily of planning_, natural re-

source, and environmental agencies, and the spatial data processing systems 

maintained by these. Data were acquired from tbirty ... nine federal systems, 

ten state ·systems~ five region,al systems, four municipal systems, and six 

corporate systems. Of these, the fifty most complete and representative 

responses were chosen for analysis_ in this·.1 report. 5 The sample was quite 

diverse. Among the agencies and systems included in the survey were the 

following: Environmental Protection Agency - STORET; Soil Conservation 

Service - Advanced Mapping System and Natural Resources Data System; 

Geological Survey - Digital Mapping Systems, Computerized Resources In-

formation System (CRIB), Geographic Information Retrieval and Analysis 

System (GIRAS), Digital Image Processing System, and WATSTORE: Forest 

Service, Region 6 - TRI; Washington State Department of Natural Resources -

Gridded Inventory Data Systems (GRIDS) and Calma Mapping System; Oregon 

Department of Revenue - Computer Assisted Mapping System (CAMS); and many 

municipal government and corporate systems - Puget Sound Council of Govern-

ments, Lane County, Oregon, City of Tacoma, Battelle Northwest Laboratories, 

Boeing Computer Services, and Weyerhaeuser Corporation. 

AnaZysis Procedures 
Various models for geographic information system design were consulted 

to select the key issues and information requirements that should be ad-

dressed in the process of the deliberate creation of a computer-assisted 

spatial data handling system. The questionnaire was designed to collect 
this information from the respondents. 

The data from the questionnaires were coded, and then tabulated to 

provide an analytical examination of each of the research questions based 

upon the collective experience and perception of system users. More than 

thirty individual characteristics of the systems, the data, and the agencies' 

use of the systems were recorded from the questionnaire response. The 

5All of the questionnaires were sent to NASA for reference as a pre-
liminary directory of systems and geocoded data. Available from the Tech-
nology Applications Branch, NASA-Ames Research Center, Ms..:242, Moffett 
Field, California. 
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responses were coded and keypunched and then tabulated, using the CROSSTABS 

option of the Statistical Pacl.rnge for Social Sciences {V. Nie, et al .. , 1970). 

Gathered primarily to create a d£rectory of data systems, the information 

is used in this study to profile groups of ·systems and groups of data users. 

Such profiling assumes the existence of categories into which each response 

can be.placed .. The procedure developed is.discussed in detail in Chapter II. 

A Note to the Reader 
The data handling issues discussed herein are s.elected from concerns 

normally associated with geographic ,information system design. The reader 

who is familiar with these issues and' their implications will derive most 

benefit from this investigation. The findings can be used most effectively 

if applied within a systems development context. 

Several design and evaluation schemes for geographic information sys-

tems have been developed to guide the system designer (I. Calkins, 1972; 
I. Tschanz and Kennedy, 1975; I. Kennedy and Meyers, 1977; I. Dueker and 

Horton, undated; I. Shelton and Hardy, 1974). The suggested procedures 

have been advanced to insure that all relevant issues are investigated, 

that the system components support each other, and that the working system 

meets the needs of the data users. These schemes offer step-by-step di-

rections for the evaluation and selection of systems. Fundamentally, 

three types of issues are of concern to the system designer: issues 

relating to the data base--the characteristics of the d.ita itself; issues 

relating to data retrieval and processing--including graphic and quanti-

tative operations performed on the data; and system support--the resources 

(staff, buildings, equipment), operational and maintenance procedures, and 

formal arrangements necessary to implement and continuously operate the 

system (I. Tschanz and Kennedy, 1975, pp. 23, 24). 

Throughout the process of system design, many choices must be made 

within the categories mentioned above. Issues of data specification such 

as scale, geographic referencing, classification detail, method of acqui-

sition, etc., and issues of system specification including choices of 

hardware and software, response·time and various operational policies must 

be addressed. These issues are called decision variables and each implies 

an ultimate choice from among selection options. For example; scale con-

notes choices of scale intervals and ranges; method of data acquisition 
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connotes choices of vario.us me,chanical and survey techniques or the .use of 

primary of secondary data;· hardware connotes cboi.ces of preferred equip-

ment options, makes and models. The ultimate design of a system is based 

upon the selection of appropriate options from the decision variables--

options which meet user needs and are compatible with each other (I. 

Calkins, 1972, I. Calkins and Tomlinson, 1977). The design decisions may 

be divided into two types: 1) data deci.sion variables referring to the 

choices of the types and characteristics of the data to be maintained in 

the system 1 s data base, and 2) system decision variables referring to other 

choices of system design such as storag~ meditnn, degree of automation, 

equipment, response time, and user access. 

The types of decision variables from which options may be selected 

are generally the same for any type of spatial data handling system. This 

is logical because each system has common elements of data, data handling 

equipment and operations, and the need to reference data spatially_ Auto-

mated systems will have hardware and software options exclusive of manual 

systems, but the basic requirements are similar. Agencies wit,h similar 

purposes and data handling needs should pick similar options within each 

decision variable, because their data handling requirements are similar. 

Each decision variable is linked to the rest of the system. Each option 

selected within each decision variable will influence other decision vari-
ables and options. For example, choice of scale will affect data accuracy 

requirements and data storage requirements. 

The research questions imply that the questionnaire responses provide 

information on how certain types of systems and system users have resolved 

decision variables, and whether key considerations of effective system 

design and operation are being followed. 

Another motive underlying the construction of the research questions 

is the feasibility of spatial data integration. Spatial data integration 

is the process of combining multiple spatial data types and providing for 

their mutual storage, retrieval, analysis, and display. Spatial data inte-

gration is one capability of geographic information systems which demon-

strates their utility to the applied data user. The ability to perform 

spatial data integration_, with computer assistance, is also dependent upon 

many factors of system design and appli~ation. Features of the data base 
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and the data processing capahility determine the feasibility and .ease of 

spatial data integration in any system~ The·compatibility of data, and 

the utility of data for particular applications is determined by such 

features as scale, classification detail., precision, resolutio.n, location 

identifier., and coordinate reference. The issue is whether data exist in 

the form desired or whether they can be transformed or otherwise interpreted 

to be useful. The transformation implies data processing capability (soft-

ware) to perform the necessary functions of editing, storage., retrieval, 

format change, graphic and statistical analysis., measurement., and output. 

The ability of any system to integrate data is usually a function of the 

software available to perform these necessary operations. 

The understanding of these spatial data processing capabilities, data 

characteristics, other decision variables, and their composite influence 

on system design and operation is, therefore, imperative. Explanation of 

the options and implications of each system design feature examined in this 

study, however, would be a separate treatise. In lieu of this, the reader 

is directed to the following: 

1. The bibliography which is divided into three sections. 

2. An appendix which introduces concepts of computer-assisted 

spatial data handling and examines two of the more b~sic and 
critical issues of spatial data handling: software options 

and geocoding;options. 

3. References that provide a broad, nontechnical overview of 

issues of spatial data handling and spatial data integration 

(I. Calkins and Tomlinson, 1977; I. Gordon, 1979; I. Honey-

cutt et al., 1980; I. Kennedy and Guinn, 1975; I. Kennedy and 

Meyers, 1975; I. Schneider and Amanullah, 1979; I. Tzchanz 

and Kennedy, 1975; II. Computer Sciences Corporation, 1979; 
II. Dueker, 1975). 6 

6This is a representative listing from the bibliography and does not 
indicate an endorsement by NASA or by this author. 
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Chapter II. RESEARCH METHODS AND ANALYSIS TECHNIQUES 

In this chapter a survey is described which sought information about 
the data handling activities and needs of a special group of data users 
and data suppliers in the Pacific Northwest. The special group of data 

users are the agencies and firms which have, or are anticipating the use 
of computer-assisted methods for the storage and retrieval of environmental 
data. The group of data suppliers are those which: 1) generate or main-
tain data which is georeferenced; 2) haye programs to supply digital spatial 
data to data users; 3) have developed novel computer-assisted spatial data 
handling practices; 4) demonstrate any combination of the above. Endorse-
ment for the survey was obtained from the Pacific Northwest Regional Com-
mission's Technology Transfer Task Force1 and funding to conduct the survey 
was granted by the NASA/Ames Research Center under a University Consortium 

Agreement. 
The 1978 survey previously noted provided the data for the empirical 

examination of the issues of spatial data handling dealt with in .this 
publication (III. Gordon, 1978). The r'emainder of the chapter describes 
the survey and the methods which are used to extract and analyze the data 
for this study. 

1In 1974, a Land Resources Inventory Demonstration Project was 
initated by the Pacific Northwest Regional Commission. A Land Resources 
Inventory TaskForce was established to pursue projects, and provide co-
ordination. The task force consisted of state representatives and repre-
sentatives from NASA and U.S.G.S. A five-phase program was developed, 
leading to the creation of an operational resource inventory system within 
the region. Over twenty individual remote sensing demonstration projects 
have been sponsored by the task force since its inception and though the 
operational information system is not yet realized, it is an active project 
in the ongoing, follow-on stages of the original regional demonstration. 
The Land Resource Inventory Task Force's name has been changed to the Tech-
nology Transfer Task Force, and the original Land Resources Inventory 
Demonstration is now referred to as the Pacific Northwest Applications 
Program. Further information on the activities of this project can be 
directed to the task force Chairman Wallace Hedrick, Resources Northwest, 
Inc., 775 N. 8th St., Boise, Idaho, or to Don Wilson, M/S 242-4, NASA}Ames 
Research Center, Moffett Field, California. 
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However, while the questionnaire provided the empirical data for this 

study, it should be noted that the purpose and scope of the questionnaire 

is not the same as that for this study. The original questionnaire was 
designed to be descriptive. It had to be explicit enough to provide in-

formation on the specific data handling practices and needs, as well as 

the data coverage and data characteristics of each respondent. In the 

present study, the primary concerns are regional patterns and the analytical 

focus is on representative groups of data users. It is necessary, neverthe-

less, to deal briefly with the original questionnaire in that all the data 

used in this study are derived from it. 

PREPARATION OF .THE QUESTIONNAIRE 

Although the questions for the questionnaire were gleaned from many 

sources, an attempt was made to ask many questions similar to those in 

other studies so that comparison could be made (I. Calkins and TQmlinson, 

1977; I. Comarc Design Systems, 1976; I. Tomlinson, ed., 1970; I. Tomlin-

son, ed., 1972; III. Mutter and Nez, 1977; III. Salmen et al., 1977a and 

b). The final format decided upon for the questionnaire was the result of 

collaboration between the author and NASA cooperators. Compaction was 

achieved by placing many of the questions in tabular form and structuring 

the questions in a manner which allowed simple checking from multiple 

response options or filling in a blank with a short statement. 

TRE SURVEY 

Included in the survey were all public and private agencies and corpo-

rations in the Pacific Northwest region which collect, store, process, 

publish or utilize their own geocoded data files, as well as agencies that 

maintain data for the Northwest though situated outside the region made 

known to this author by practicing professionals, met the study criteria, 

and responded to the mailed questionnaires. 

The recipients of the questionn,1ire have been divided into two groups. 

Group One consists of agencies located in the Pacific Northwest. Group 

Two consists of those agencies that have their headquarters or maintain 

their facilities outside the region, including many federal agencies. 

Group One agencies were contacted by phone prior to the mailing of 
the questionnaire to determine whether they met the study criteria, 
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whether they were willing to participate, and to whom the survey should be 

sent. A cover letter explaining the purpose of the questionnaire and di-

rections for its completion, and a letter of sanction from the Pacific 

Northwest Regional Commission's Technology Transfer Task Force were 

attached to the questionnaire. A stamped, preaddressed mailer was also 

included. 
On its return each questionnaire was checked to evaluate the adequacy 

of the response. In those cases where clarification was called for a 

telephone or in-person interview was conducted. Because of monetary limi-

tations, only Group One agencies could be included in such follow-up 

procedures. 

A list of questionnaire recipients is included as an appendix to the 

1978 report (III. Gordon, 1978). Those agencies from which a completed or 

partially completed questionnaire was received are noted in Appendix 3. 

THE QUESTIONNAIRE 

The questionnaire was arranged in five main sections: 

1. General systems description--including the stage of develop-
ment, use environment, hardware, frequency of use, and 
extent of documentation. 

2. Geographic information system software--including operating, 
planned or desired data handling capabilities, and an in-
dication of their transferability and frequency of use. 

3. Directory of geocoded data coverage--including the area of 
data coverage, type and characteristics of data, and purpose 
for which the data is coded. 

4. Data collection and preference--including a list of natural 
resource data categories and space to indicate the character-
istics of that data type which are representative of the data 
coverage, or are preferred were that data to be made available. 

5. Information system/data use--including a list of applications 
for which the use of natural resource data is routine and 
space to indicate the characteristics of the data used for 
that purpose, or the characteristics of the data preferred 
for that purpose. 

Table 2-1 details some of the information which could be gleaned from 

analysis of the completed questionnaires. 
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Table 2-1 
Infonnation Which May Be Obtained from Analysis of the Questionnaires 

Question Number 

l. Documentation of the present stage of development 
and use of information systems in this region. 
1. For what purposes are geographic irif ormation 20.III.P, 

systems used? 
2. How frequently is the demand for the use of the 12, 13 

system inside and outside .the agency? 
3. What is the geographic coverage of geocoded data? 20.II. 
4. What are the perceived limitations for expanded 15 

system use? 
5. How often is software in-house programmed vs. 5 

vendor supplied? 
II. Data and system compatibility. 

1. Hardware 
a. owner status? 4 
b. computer make and model? 6.a. 
c. peripherals? 6.c. 

2. Software 
a. programming language? 5.c. 
b. is the system user friendly (query language)? 11 
c. are programs transferable? 19 

3. Data 
a. geographic coverage? 20. II. 

o. 22 

b. appropriate data type? 
c. are the characteristics of the data in the 

system compatible (e.g., map projection, co-
ordinate reference, scale, precision)? 

20.III.N, 0. 21 
H. J .. L •. 

4. Records and Documentation 
a. is sufficient information available to verify 

the data? 
b. is sufficient information available to learn 

about the system and its use? 
III. Technology transfer (desire for data and software). 

1. Software 

14 

16 

What types of data handling routines are per- 19 
ceived to be valuable to enhance systems use 
(e.g., digitizing, format change, spatial recti-
fication, measurement, sorting/merging, comparison, 
graphic output, and remote sensing)? 

14 



Table 2-1--continued 

~uest ion Number 

2. Data types and characteristics 
a. what types of data are desired by each 21 

respondent? 
b. what are the geographic characteristics of the 21, 22 

data which are desired by each respondent (e.g., 
frequency of update, scale, precision, co-
ordinate reference)? 

c. what sources of data provide appropriate data 21, 22 
for each respondent and for gene~al categories 
of data use? 

\ 
IV. User profile 

1. What types of data are used for each general 
type of system use? 

2. What geographic characteristics of the data are 
most prevalent and preferred for each type 
application? 

3. What types of spatial analysis and editing 
functions (software) are most prevalent and 
preferred for each type of application? 

of 

4. What equipment is characteristic of different 
types of agencies? 

3, 7, 

3, 20, 

3, 19 

3, 6 

20, 21 

22 

5. How can the original data be manipulated and/or 
composited to facilitate a particular purpose? 

20.III.0, 22 
Interview 

Used in combination, inferences about the data handling practices and 

needs of groups of users, about system applications, or about data coverage 
can be made. 

ANALYSIS OF THE QUESTIONNAIRES 

Because the questionnaire was not constructed to provide explict 
answers to the research questions of this report, data from the question-
naires had to be evaluated for their descriptive content, selectively 
interpreted to provide the most illustrative information, extracted. from 
thequestionnaire and placed in an organized fashion, and then analyzed to 
answer the research questions. 

Selection of Appropriate Responses 
Ninety-one questionnaires were distributed. Of these, sixty-five 
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2 were received and fifty used as the sample for this investigation The 

questionnaires which were deleted from this survey were excluded because 

the systems which were described: 

1. did not use computers; 

2. did not contain data coverage of the Northwest, nor were 

expected to do so; 

3. did not contain land-based data; 

4. did not contain spatial data;_ 

5. were not sufficiently developed. 

Some questions were not sufficiently complete to extract useful data, 

and were therefore excluded from the population. In many others certain 

questions were not answered by the respondent, although the questionnaire 

was sufficiently informative to be included in the survey population. 

Table 2-2 lists the agencies whose response makes up the survey popu-

lation. It also records some of the significant characteristics of the 

systems which are reported. 

Selection of Representative and Descriptive Groups of Systems 
Useful interpretation of the aggregated results of the survey pre-

supposes the grouping of the responses in meaningful ways. The evaluation 

of the responses from the total survey population is representative of a 

cross-section of spatial data handling in general. Further evaluation is 

required to provide a more distinctive profile of representative groups of 

respondents. Three groupings are used to provide this evaluation. These 

are: 

1. functional groups of users; 

2. types of systems; 
3. sponsorship. 

Although other studies have described individual systems in various 
degrees of detail, 3 no other attempts appear to have been made to provide 

2The two additional agencies reported to NASA represented surveys 
from agencies which indicated desire for systems but were not yet committed. 
Thus, it was appropriate to report these as representative of user need, 
but not system description. 

3see Section III of bibliography. 
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Table 2-2 

Profile of the Survey Population 

l.D. 
TYPE OF SYSTEM b 

COMPLETENESS 
~ AGENCY BASIC RESPONS IB IL ITY a SYSTEM NAME STAGE OF DEVELOPMENT OF RESPONSE 

State Agencies 

01 State of Washington Environmental Protection Coastal Zone Atlas and Integ_rated Operational and still Complete 
Department of Ecology Infonnatfon System U"utpuCMappi ng - Image being developed 

Production 

12 State of Washington Land Management Gridded Resource Resources Operational Complete 
Department of Natural Inventory Data System TnrormatTon Retrieval -
Resources (GRIDS) Fixed Grid 

13 State of Washington Mapping CALMA Mapping System Gr!f>hi cs Operational Complete 
Department of Natural "O"utput-Mapping - Image 
Resources Production 

09 State of Oregon Resource Planning Resources System being designed Incomplete 
Forestry Department and Management Integrated - General 

Purpose 
I-' 14 State of Oregon ........ Mapping Computer Assisted Gr!f>hics Operational and still Partially 

Department of Revenue Mapping System (CAMS) Output-Mapping - Image being developed complete 
Production 

10 State of Idaho Special Area Planning Unnamed §_e.Q.C.Q.d.:!.ng_ System being developed Partially 
Transportation Depart- Information Retrieval - complete 
ment GBF/DIME 

07 State of Idaho Land Management Resources System being developed Partially 
Department of Lands TnfonnatTon Retrieval - complete 

Fixed Grid 

02 State of Idaho Resource Planning Resources System being designed Complete 
Department of Water and Management TnTonnatTon Retrieval -
Resources Fixed Grid 

Regional Governmental Agencies 

16 Puget Sound Council Regional Planning Map Model .!_n_!.eg.r!_t!.d Was developed, no longer Complete 
of Governments Integrated - Map Overlay operating 

17 Puget Sound Council Regional Planning 'EMPIRIC' Activity ..!!'_!.eg_r!_t!.d Operational and still Complete 
of Governments Allocation Model and Infonnation Retrieval - being developed 

associated data files, Corrbined 
software and hardware 

25 Mid-Willamette Valley Regional Planning Oregon Planning System Resources Operational and still Complete 
Council of Governments TnronnatTon Retrieval - being developed 

Fixed Grid 

15 Lane County Council Metropolitan Planning Unnamed .!_n!eg_r~t!.d Operational and still Nearly 
of Governments Integrated - Map Overlay being developed complete 

(a~ (b 
Responsibility of agency or division for which geoprocessing system operates. 
Upper classification is according to Peucker; lower classification is an adaptation guided by Tomlinson. 



Table 2-2--continued 

I.D. COMPLETENESS 
!!Q.:_ AGENCY BASIC RESPONSIBILITY SYSTEM NAME TYPE OF SYSTEM STAGE OF DEVELOPMENT OF RESPONSE 

MuniciEal Agencies 

20 Spokane County Planning Metropolitan Planning Unnamed §_e.Q_C.Q_dj_n_g_ Operational and still Partially 
Department Information Retrieval - being developed complete 

GBF/DIME 

21 Snohomish County Regional Planning Unnamed Resources Operational and still Complete 
Planning Department Tnforma.tTon Retrieval - being developed 

Fixed Grid 

04 City of Tacoma Metropolitan Planning Geographic· Base System .!_n!e.~_r!_t~d Portions operational and Complete 
Planning Department Information Retrieval - still being developed 

Combined 

24 City of Salem Metropolitan Planning Computer Assisted Map Inte_g_rated System being developed Nearly 
Infonnation System Other - - complete 
(CAMIS) 

CorEorations 
I-' 27 Puget Power and Light 00 Other Electric Plant Data Base Inte_g_rated Portions operational, Complete 

Tn1ormatTon Retrieval - comprehensive system 
Cormined being designed 

31 Battelle Northwest Resource Planning Water and Land Resources Inte.9._rated Operational and still Partially 
Laboratories and Management Computer Facility Tntegrated - General being developed complete 

Purpose 

33 Boeing Computer Other Natural Resources Resources Operational Partially 
Services Information System Integrated - Hap Overlay complete 

30 Weyerhaeuser Resource Planning Forest Inventory and Resources Operational Complete, but 
Corporation and Management Regeneration Data System Integrated - Map Overlay confi denti a 1 

Other 

99 Huxley College Other Huxley System .!_n_!.e.9._r_!t~d Operational and still Nearly 
Information Retrieval - being developed complete 
Combined 

Federal Agencies Situated in the Northwest 

34 Bureau of Indian Affairs Land Management Natural Resources Infor- Resources Operational and still Nearly 
and mation System (NARIS) Integrated - Map Overlay being developed complete 

Colville Confederated 
Tribes 

36 U.S. Department of the Resource Planning Map-Model Resources Was developed, no longer Partially 
Interior, Bureau of and Management Integrated - Map Overlay operating complete 
Land Management 

~ - ~---~-~ ___.._ ____ ~-~_ .... ___ ..._ ~-"-----""------



Table ~,-2 --continued 

I.D. COMPLETENESS 
~ AGENCY BASIC RESPONSIBILITY SYSTEM NAME TYPE OF SYSTEM STAGE OF DEVELOPMENT OF RESPONSE 

Federal Agencies Situated in the Northwest -- continued 

35 Bureau of Transmission Special Area Planning PERMITS Resources Operational and still Nearly 
Engineering Tn1onnatTon Retrieval - being developed complete 
Bonneville Power Fixed Grid 
Administration 

92 U.S. Army Corps of Resource Planning CROHMS Other Was developed. no longer Nearly 
Engineers. North and Management TnTonnation Retrieval - operating complete 
Pacific Division Point 

52 USDA Forest Service. Land Management TRI Resources Operational and still Complete 
Region 6 Other-- being deve 1 oped 

44 USDA Agri cul tu re Resource Planning Hydrological Data Bank Resources Operational and still Nearly 
Research Service and Management TnfonnatTon Retrieval - being developed complete 

Fixed Grid 

Federal Agencies Outside the Northwest 
1--' 

"° 59 U.S. Geological Survey Mapping UCLGES - DLG-3 §.r!P!!.i£S Operational and still Complete 
Topographic Division CONED IT Output Mapping - Image being developed 
Digital Applications Team DCDI Production / 

60 U.S. Geological Survey Mapping Digital Elevation Models Qig_i.!_a! Ie.!:r.~_i!!_ ~~el Operational and still Complete 
Western Mapping Center (DEM) Digital Terrain Model being developed 

61 U.S. Geological Survey Mapping Digital Line Graph §.r!P!!_i£S Operational and still Nearly 
Western Happing Center (DLG) Output Mapping - Image being developed complete 

Production 

63 U.S. Geological Survey Resource Planning Computerized Resources Geocoded Data Base Operationdl Partially 
Mineral Resources and Management Information Bank (C~IB) Data-Base'HaTntenance complete 
Division 

66 U.S. Geological Survey Other Radiometric Age Data Geocoded Data Base Operatfona 1 Nearly 
Branch of Isotope Bank Tn1onnatTon Retrieval - complete 
Geology Point 

70 U.S. Geological Survey Other LANDSAT System and Integ_rated Operational and still Complete 
EROS Data Center associated data analysis 'Odier - - being developed 
Digital Applications subsystems 
Laboratory 

64 U.S. Geological Survey Regi ona 1 Plannf.ng Geographic Information lnteg_rated Operational and still Partially 
Geography Program Retrieval and Analysis TnformatTon Retrieval - being developed complete 

System (GIRAS) Variable Boundary 

74 U.S. Geological Survey Other Digital Image Processing Other Operational and still Nearly 
Geologic Division System other being developed complete 



Table 2-2--continued 

I.D. COMPLETENESS 
No. AGENCY BASIC RESPONSIBILITY SYSTEM NAME TYPE OF SYSTEM STAGE OF DEVELOPMENT OF RESPONSE 

Federal Agencies Outside the Northwest -- continued 

76 U.S. Geological Survey Other Earthquake Strong Motion Other Partially operational, Nearly 
Geologic Division Data System O"ther still being developed complete 
Seismic Engineering 
Branch 

80 U.S. Geological Survey Resource Planning Rock Analysis Storage Geocoded Data Base Operational Nearly 
Geologic Division and Management System (RASS) Data-Base MaTntenance complete 

83 U.S. Geological Survey Resource Planning Geophysical Interpretive .!_n.!_e.9_r_!t!_d Operational and still Complete 
Conservation Division and Management Aid System (GIAP) Infonnation Retrieval - being developed 

Combined 

84 U.S. Geological Survey Other Well History Control .!_n!_e.9_r_!t!_d Operational Partially 
Geologic Division System Infonnation Retrieval - complete 

Combined 

85 U.S. Geological Survey Other Petroleum Data System .!_n!_e.9_r!_t!_d Operational Partially· 
Geologic Division Infonnation Retrieval - complete 

N Combined 
0 

87 U.S. Geological Survey Resource Planning WATSTORE .!_n.!_e.9_r_! t!_d / Operational and still Partially 
Geologic Division and Management Infonnation Retrieval - being developed complete 

Point 

88 U.S. Geological Survey Other National Water Data _!_n.!_e.9_r_!t!_d Operational and still Nearly 
Water Resources Division Exchange Hydrologic Infonnation Retrieval - being developed complete 

Unit Map Base Coni>ined 

38 U.S. Environmental Environmental Protection STORET .!_n.!_e.9_r_!t~d Operational Nearly 
Protection Agency Infonnation Retrieval - complete 

Point 

39 U.S. Environmental Environmental Protection Storage and Retrieval of Geocoded Data Base Operational and still Nearly 
Protection Agency Aerometric Data (SAROAD) Infor:.MtTon Retrieval - being developed complete 

.Point 

40 USDA Soil Land Management Conservation Needs Geocoded Data Base Operational Partially 
Conservation Service Inventory "Uata-Base"RaTntenance complete 

41 USDA Soil Mapping Advanced Mapping System .§_r!,P!!_i.f.S Operational Partially 
Conservation Service Output Mapping - Image complete 

Production 

47 USDA Soi 1 Land Management Natural Resources Data Geocoded Data Base Operational and still Nearly 
Conservation Service System Data-Base Maintenance being developed complete 

42 Brookhaven National Other Point and Area Source .!_n.!_e.9_r_!t~d System being developed Partially 
Laboratory, Atmospheric Emissions Inventory Infonnation Retrieval - complete 
Sciences Division Point 
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.Table 2-2--continued 

I.D. 
~ AGENCY BASIC RESPONSIBILITY 

Federal Agencies Outside the Northwest -- continued 

43 

49 

USDA Forest Service 

U.S. Water Resources 
Council 

Resource Planning 
and Management 

Resource Planning 
and Management 

SYSTEM NAME 

Timber Management 

Second National Water 
Assessment 

TYPE OF SYSTEM 

Geocoded Data Base 
Data-Base ~Tntenance 

Geocoded Data Base 
InfonnatTon Retrieval -
Variable Boundary 

STAGE OF DEVELOPMENT 

Operational 

Operational and still 
being developed 

// 

COMPLETENESS 
OF RESPONSE 

Nearly 
complete 

Nearly 
complete 



profiles of representative groups of systems. In addition to providing 

new information for the literature, it was thought that a profile would 

assist agencies with similar needs to narrow .the choices for system and 

data specification based upon the observed characteristics of systems 

fulfilling similar data processing and data analysis objectives. 

The desire to select representative groups of systems led the author 

to place all responses into mutually exclusive categories. This proved 

difficult due to the lack of an accepted typology in the field, tbe lack 

of universally accepted terminology, the multiple usE:Sof some systems, 

and the non-uniform functional level of the responses. The latter is 

evidenced by the receipt of some questionnaires describing hardware and 

software configurations, and others describing the activities of a depart-

ment or program utilizing a geoprocessing system to support some of its 

data handling requirements. 

The explanation of the categories follows. Table 2-2 notes the groups 

in which each agency and each system are placed for evaluation. 

Groups of System Users. The basic responsibility of the agency or 

division for which the geoprocessing system operates is chosen to reflect 

the function of the user. It is used for grouping responses because it 

is a meaningful term to potential system users, is not dependent upon the 

very characteristics of the systems described, and is not dependent upon 

undue subjective interpretation. 

Question three concerns the function (responsibility) of the agency 

or department of the agency which uses geocoded information. Thus, the 

category in which each agency respondent placed itself is used to determine 

the grouping. Some judgment had to be exercised where an agency indicated 

more than one functional area of responsibility for, in order to maintain 

exclusiveness, each questionnaire was placed in a single category which 

best represents the functional responsibilities of the respondent. The 

research category was deleted from the list because it was not representa-

tive of a particular functional area of responsibility or data use~ while 

the automated cartography and cadastral mapping categories were combined 

to comprise the mapping group. The resultant grouping, and a brief expla-

nation of each is as follows: 
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I. 

1. Metropolitan Land Use Planning: . strategic, administrative_, 
regulatory, o:r monitoring act:i:vities conunonly carried out by 
inu~icipal° (city_, courity) planning departments and otber 
planning bodies wbicb carry out planning for norirural (metro-
politan areas). 

2. Regional Land Use Planning:_ comprehensive long-range 
planning_, coordination_, and monitoring functions of region-
al governmental entities (including counties) planning for 
both rural and metropolitan areas. Differentiated from 
metropolitan planning by the size and diversity of tbe area 
(territory) of responsibility. 

3. Land Management: agencies with broad management responsi-
bilities .for multiple use of lands .and for the regulation, 
extraction, and planning for renewable and nonrenewable 
resources on those lands. \ 

4. Resource Planning arµi Management: same as above, but oriented 
to the optimization, utilization, monitoring, etc., of a 
single resource (air, water, timber, mineral, et_c.) 

5. Mapping: concerned with the creation, maintenance, or storage 
of maps and the maintenance of map-related information. 

6. Environmental Protection: monitoring and regulation of 
ambient and/or point source pollutants, and the enforce-
ment of environmental protection laws and regulations. 

7. Special Area Planning: any of the specialty functional 
areas of planning other than land use planning. Examples 
are: health, transportation, public utility, etc. 

8. Other: Respondents not fitting into the above groups or too 
diverse in responsibility to place into a particular group. 

Groups of System Types. The responses were also grouped into mutually 

exclusive categories based upon system type. The classification system 

follows the basic form proposed by Tomlinson and others (I. Tomlinson, 

ed., 1970, pp. 35-41). This scheme constitutes a hierarchy of three major 

classifications and several minor classifications. The major classifications 

are: 

1. Image Systems designed to display data in various forms and 
usually not restricted for use with any particular data base. 

2. Information Retrieval Systems which have data storage and 
manipulation capability and in most cases some form of output 
capability. These systems, which are likely to be associated 
with a data base and designed to provide tbe user with par-
ticular types of analysis and display, are classified by the 
spatial format of the encoded data (i.e., point, line, grid, 4 . . etc.). 

4Format has many implications for data handling. Some of these are 
discussed in Appendix 1. 
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3. Integrated Information Systems _which combine image mapping 
capability with data storage and data manipulation capability .. 
Data manipulation which necessitates line and polygon data 
performance require more sophisticated data structures~ 
analysis capability~ and software than information retrieval 
systems. 

The capabilities and degree of integration of geocoded data are the 

basis for the classification. To these are added two other groups recognized 

by Peucker (Personal Communication). The resulting grouping, with brief 

explanation of each, is therefore: 

1. Data Base Maintenance: Systems whose principal purpose is 
data storage and retrieval. Input, output, and editing 
routines are common, but no dala analysis or sophisticated 
display capabilities are associated with the basic input and 
output functions. 

2. Output Mapping-Image Production: Systems whose principal 
purpose is map (or graphic) image production and reproduc-
tion. These systems are usually not data base dependent. 
They usually include peripheral equipment and software for 
digitizing, editing, and graphic output. 

3. Information Retrieval System - Point: Systems that handle 
data where spatial reference (geographic location identifer) 
is a point. The system stores, retrieves, analyzes, and 
displays data aggregated as points. 

4. Information Retrieval System - Fixed Grid: Systems that 
handle data whose spatial reference is a fixed grid cell. 
The system stores, retrieves, analyzes and displays data 
aggregated into cells. 

5. Information Retrieval System - Va:l!iable Boundary: Systems 
that aggregate data into variable size and shape units. The 
original data may be of point, grid or polygon format, but 
computer storage and resultant tabulations are for the ag-
gregated unit, often a census district or other special 
taxing district. The system stores, manipulates and outputs 
these aggregated data for the area described within its 
boundaries. 

6. Information Retrieval System - GBF/DIME: Systems that con-
tain data about '·blocks, street segments, and nodal points 
within an urban spatial framework modeled after the reporting 
units of the census. Information is assigned to and re-
trieved in aggregates of nodes, street segments, and blocks. 

7. Information Retrieval System - Combined: Systems which can 
store and manipulate data in formats combining any two or 
more of the above. 

24 

-- ---- ----- ----------------~"""""-----"""""~~ 



I 

I 

8. Integrated Map Overlay System: System which can accommodate 
data in point, line or area format,.edit it ·for storage in a 
common data structure, and perform various types of manipula-
tion. The distinction between this and other systems is that 
different coverages can be compared logically and grapbically 
using union or intersection overlay tecbniques •. 

9. Integrated General Purpose Systems: Systems with more versatile 
data manipulation capability tban the map~overlay systems. 
They may include data analysis and modeling capabilities with 
various image data manipulation and output capabilities .. 

10. Digital Terrain Models: Systems which store height values 
in tbeir data banks, and can perform various spatial analysis 
and display functions on the height data (e.g., contouring, 
slope calculations, intervisib~lity, perspective drawing). 

11. Other: Systems not fitting int6 the above categories, too 
diverse to classify, or for which not enough data were col-
lected to make a determination. 

Federal and Nonfederal System Users. The third profile segregated the 

federally sponsored systems from the nonfederal systems. The intent is to 

evaluate the similarity and difference of response for the purpose of assess-

ing opportunities for data integration and for determining whether percep-

tions about data handling are similar between these groups. The federal 

systems, having predominantly national coverage and containing predominantly 

primary data in their data banks are a potential source of digital data to 

other data users. The nonfederal -systems, conversely, normally contain data 

from multiple sources and have more localized coverage. They are the candi-

date data users. 

Selection of Descriptive Variables and Options 
The selection of the system and data attributes which are used for 

profiling the systems (agencies) and the .characteristics of the spatial data 

used by these data users has been guided-by the research questions. The 

questions required either a descriptive or comparative response. Descriptive 

questions such as 'What are the principal sources of spatial data used in 

systems?' only required direct recording of observations from the question-

naire. The comparative questions required that different sets of answers 

be compared to other sets of answers, or that individual responses be ag-

gregated into representative groupings. The questionnaire provides the 

universe of potential descriptive information. From it, the descriptors 

which are used for description or comparison are deliberately chosen to 
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enchance the infonnation content of the analysis. 
The descriptive and analytical system and data .characteristics which 

are recorded are noted below in outline forni. 5 

A. Characteristics of the Responding.Agency 

1. Basic responsibility(ies) 
2. Residency 
3. Sponsorsbip (federal, state, corporate, etc.) 
4. Applications performed by/with system 
5. Limitations for expanded use of geoprocessing in agency 

B. System Characteristics 

1. Classification of type of system 
2. Stage of development 
3. Whether there is an integral data base 
4. Computer mapping capability 
5. Graphic line reproduction capability 
6. Conversationally directed query (user friendly) 
7. Vendor supplied 
8. Transferable software 
9. Sophistication of data processing 

a. Software 
b. Derived analysis 

10. Encoding fonnat 
C. Characteristics of the Digital Data Base -

1. Data types 
2. Location identifier 
3. Scale 
4. Precision 
5. Resolution 
6. Map projection 
7. Coordinate reference 
8. Size of coverage 
9. Location of coverage 

10. Source of data 

Each of the above characteristics connotes options which may be used 

to describe the agency, system, or data base descriptors. Some of the 

descriptors are best described by nominal or interval classification. Data 

type connotes an infinite number of different choices. Precision connotes 

scalar values that for ease of interpretation may be expressed as interval 

ranges. Some descriptors such as computer mapping capability may be ex-

pressed by the simple binary classification of 'yes' or 'no. r The creation 

of appropriate nominal classifications and intervals is guided, as much as 

5 See the Glossary for definition of tenns. 
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is practical~ by previous example. .The list of research .variables (de-
scriptors) and options is given in Appendix 4. 

Some of the description which is required can be transcribed directly 

from the questionnaire. In these cases:) there is a one-to-one correspondence 

between the question asked and the response recorded on the questionnaire. 

Other descriptors for which there is no corresponding question on the 

questionnaire are assigned based upon knowledge of other system character-

istics. An example is the assignment of a system classification category 

to each system reported. 

Due to the large number of descriptors and options, the size of the 

sample, and the analytical procedures r~qu1red for the answering of the 

research questions, the descriptive data were placed in computer-readable 

form, and the sorting accomplished with computer assistance. The coding 

of the data required that coding variables be assigned to each descriptor 

and option, and an encoding format be established. Once the descriptive 

categories and encoding format were devised, each questionnaire was re-

viewed and the attributes of each system were recorded on computer coding 

forms using numerical representation. Appendix 4 also provides the key to 

the coding of the questionnaires. It provides the reader with a list of 

the descriptive characteristics, the options chosen to be descriptive of 

each response, the position of each variable on the coding form, and the 

numerical symbol which denotes each variable's definition. 

Description of Analytical Procedures 
The analysis of the questionnaires was accomplished using the CROSSTABS6 

option of the Statistical Package for the Social Sciences (V. Nie, et al., 

1970). The CROSSTABS option creates two-way to 'n'-way cross-tabulation 

contingency tables. The software enables the computer to count the number 

of pairwise comparisons recorded between selected variables des·cribing the 

population and then print out a table of the frequency and percentage of 

pairwise comparisons. Thus :J for exampl.e,, the number of times respondents 

report both aerial photography as a data source and a .particular area of 

coverage can. be tabulated. Another examp·le is the ·sorting .of tbe sample by 

6 CROSSTABS performs cross-tabulation, which is defined as a joint 
frequency distribution of cases according to two or more classification 
variables. 
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any descriptor such as agency responsibility. It is possible to record in 

this manner the number of times the land management agencies report having 

data of particular types, at particular scales, with particular location 

identifiers, etc. Cross-tabulations with the highest frequencies connote 

the greatest correspondence between the selected variables. It is thus possi-

ble to develop from the sample the desired profile of the most frequent and 

lesser frequency attributes of the population, and to imply correspondence 

between selected variables. The descriptors which are compared to one 

another using the CROSSTABS program are noted in Figure 2-1. The profile 

of federal versus nonf ederal responses was tabulated without computer 
- \ 

assistance. 

Simple user programs were written to perform the desired cross-

tabulations in accordance with the programming requirements for the Statisti-

cal Package for the Social Sciences. Two representative cross~tabulations 

are included for inspection by the reader as Figure 2-2. The numerical 

frequencies from the printouts were then transcribed onto the tables in the 

next chapter and as Appendix 5. These tables provide the data from which 

the research questions can be answered. 
The techniques of data transcription and interpretation for each 

section of the report are described in the corresponding section. 
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Count Stage· Row 
AGRE SP ·Tot Pct 1· 2 3 4 6 Total 

1 0 3 0 1 0 4 
0.0 6.0 o.o 2.0 0.0 8.0 

2 0 4 0 0 1 5 
0.0 8.0 o.o 0.0 2.0 10.5 

3 1 3 0 1 0 5 
2.0 6 .. 0 0 .. 0 2.0 0.0 10.0 

4 2 1..,. 0 0 0 6 
4.0 8.0 \ 0 .. 0 o.o o.o 12 .. 0 

5 1 2 0 0 0 3 
2.0 4.0 o.o o.o 0.0 6.0 

7 4 5 3 0 2 14 
8.0 10 .. 0 6.0 0.0 4.0 28.0 

8 0 1 0 1 0 2 
0.0 2.0 0.0 2.0 o.o 4.0 

9 5 6 0 0 0 11 
10 .. 0 12 .. 0 0.0 0.0 0.0 22.0 

Totals 13 28 3 3 3 50 
26.0 56.0 6.0 6.0 6.0 100.0 

Count Scale 03 Row 
AGRESP .. Tot Pct 1 2 Total 

3 1 0 1 
10.0 o.o 10.0 

4 3 0 3 
30.0 0.0 30.0 

7 4 1 5 
40.0 10.0 50.0 

8 1 0 1 
10.0 o.o 10.0 

Totals 9 1 10 
90.0 10.0 100.0 

Number of missing observations = 40 

Figure 2-2. Representative cross-tabulation sa~ples. The numbers on 
the axis represent individual variables, the key to which may be found 
in Appendix 4. 
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Chapter III. A PROFILE OF SYSTEMS AND SYSTEM USERS 

Examined in this chapter are the characteristics and applications of 

different types of geoprocessing systems, and profiles of the needs of the 

system user. Though not recommended as a sole course upon which system 

design decisions should be based, the report of the characteristics and 

desires of the survey population provides insight based upon the collective 

experience and perception of different sectors of the survey population. 

The chapter is divided into .three \parts:· 

1. An overview of the characteristics of the sample. 

2. A profile of the prevalent and preferred system operating character-

istics, data and data processing needs, and representative applications 

of systems and system users. 

3. A selective comparison between federal and nonfederal systems. 

DISTINGUISHING CHARACTERISTICS OF THE SAMPLE 

The sample population consists of fifty questionnaire responses from 

a diverse group of respondents. The diversity influences the nature of 

the responses, and the lack of homogeneity precludes the making of all but 

gross asstllllptions at the level of description of the total population. 

There are certain characteristics which, when described, further character-

ize the sample, and thereby assist the interpretation of the numerical 

tabulation. These distinguishing characteristics are chosen to orient the 

reader to the nature of the systems so that there may be awareness of their 

influence on the data handling and data use characteristics examined in the 

latter portion of this chapter. The distinguishing characteristics are the 

user classification, system classification, sponsorship, stage of develop-

ment, and the following special characteristics: whether the system and 

applications are designed around a particular data base; whether there are 

derived products resulting from the use of the system; whether the system 

is user oriented, i.e., has conversationally directed query; whether the 

systems are vendor supplied; whether the software is transferable; whether 

the system produces computer mapped output; and whether environmental data 

are integrated with nonenvironmental data. 
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User Classification 
Table 2-2 listed each respondent's basic responsibility and is indica-

tive of distinct user orientation. The user orientation is important as a 

guide for interpretation of the survey results. Each user group will be 

interested in the system characteristics and preferences from its own 
1 group. The groups and the agencies in them are briefly identified here. 

Municipal Planning: Four agencies are included in the:,1 municipal 

planning category. Lane County Council of Governments maintains an inte-

grated land parcel based system which is used extensively by the City of 

Eugene. The City of Tacoma maintains several systems for which data are 

interchangeable. A parcel based syste~\is the core. Other systems are a 

grid based environmental data system and a variable boundary polygon system 

which is used primarily for data aggregation. Spokane County maintains a 

GBF/DIME file for the metropolitan area around Spokane and has begun to 

record land cover characteristics interpreted from satellite imagery. The 

City of Salem is developing a very fine resolution graphics system with the 

parcel as the principal identifier. The City of Bellevue has a similar 

system, but did not complete the questionnaire. 

Regional Planning: Five agencies are placed in the regional planning 

category, four of them still operating, the other no longer operating. 

Three of the operating systems maintain data in grid format. Two have a 

variable sized grid and the other is a fixed grid system. All are encoded 

manually. The system no longer operating was a polygon system which did 

not have the editing capability to make it time and cost effective. The 

U.S.G.S. Geography Program maintains one variable polygon system which is 

used in the digital display and analysis of data from the 1:250,000 scale 

map quadrangles. 

Land Management: There are five land management systems. Their charac-

teristis are quite diverse, representing the unique needs and management 

responsibilities of each. The State of Idaho Department of Lands is 

developing a system modeled after the system at the Washington State Depart-

ment of Natural Resources. This is a grid formatted system for which the 

1noctnnentation exists for many of the systems described in this survey. 
Because the purpose of this study is to report aggregated characteristics 
rather than individual system characteristics, no references other than the 
questionnaire are used or noted in this section. 
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recorded data are interpreted from evenly spaced sampling points (660 feet 
apart) by aerial photograph interpretation and field checking. Changes 
recorded at the sampling sites are extrapolated to the surrounding grid. 

Data attributes are retrieved statistically or are printer plotted. The 
Bureau of Indian Affairs developed a polygon system for reservation lands 
for the Colville Confederated Tribes which is maintained by Washington 
State University. The U.S. Forest Service, Pacific Northwest Region, main-
tains a polygon system which stores attribute acreages on the computer and 
is geographically coordinated to Polygon overlays drawn upon orthophoto 
maps and stored on microfiche. Digitizing and computer-assisted polygon 
and grid mapping and analysis systems ~re available for special projects. 
The Soil Conservation Service maintains two automated land management 
systems, reported herein. One records attributes of randomly selected 
sample sites and thereby provides data for localized management problems. 
Another is used to store descriptive and analytical data representing the 
characteristics of individual soil types, and is used primarily to update 
technical guides. 

Mappings: The six mapping systems are quite similar to one another. 
Four are used solely for the computer-assisted production of line maps, 
two producing soil maps, one producing cadastral maps, and the other as-
sisting in the production of U.S.G.S. quad maps. A fifth system reported 
is a digital terrain model and digital terrain mapping system, and the 

final questionnaire response reported three separate systems, recorded 
here as one survey record--two of them planimet~ic systems and the third 
a terrain mapping system. 

Environmental Protection: Three environmental protection systems are 
reported. Two of these systems--primarily engaged in maintaining sampling 
records, but with associated analytical and display capabilitiy--are both 
maintained by the Federal Environmental Protection Agency. The remaining 
one, developed for the Department of Ecology, is the Coastal Zone Atlas 
and Information Sytem for the State of Washington. Graphic polygon records 
of many coastal area features are the basic data units. Though not yet 
operational, selective interactive retrieval of the polygon records will 

b:e provided to assist the environmental review and pemnit granting staff 
of the agency. 
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Resource Planning and Development: This category includes fourteen 

systems used in the evaluation or the management of a single type of natu-

ral resource. The system configurations and the function of the sample 

are quite diverse. Four are forestry systems, five water resource systems, 

three mineral systems, and one a resource analysis laboratory. Three of 

the forestry systems maintain data in polygon format and store many layers 

of forest vegetation and forest land related data. The bther is a system 

for statistical reporting of production records. Two of the water resource 

systems maintain data in point format; one of which records flows, the 

other water sample data. One is a regional statistical reporting system. 

Two others are grid systems which recot~ many attributes of the coverage. 

Two of the mineral systems ,record sampling data, the other assists in the 

interpretation of geophysical records. The resource laboratory operates 

many types of systems -ranging from Landsat to computer-assisted mapping and 

also accesses data from many other data storage systems. 

Special Area Planning: Two special area planning systems are de-

scribed. One is a GBF/DIME type system maintained by a transportation 

authority used to aggregate data to project traffic flows. The other is 

a grid system used to select alternative routes for power transmission 
lines based upon a very sophisticated attribute weighting scheme. 

Others: The 'other' category covers eleven different types of agen-

cies and systems. These are too diverse to provide representative profiles. 

Two systems are used for the analysis, interpretation and storage of Land-

sat imagery for a variety of different applications. One agency is a 

computer service bureau which markets geoprocessing capability to clients 

on a project basis, but also provides other computer services. The geo-

processing system of this agency manipulates data in polygon and grid for-

mat but no data are maintained as a data base. One system is used by a 

private utility to maintain data on its generating facilities and trans-

mission lines. Another system is maintained at a university and is used 

for instruction.-: and on many types of grant-supported geoprocessing projects. 

Three of the systems are used for pure and applied research. Another two 

are used to record and interpret data on wells and petrochemical trans-

mission facilities. 
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System ClaBsification 
Each of the fifty responses is additionally classified according to 

system type. The sophistication of the systems varies widely. Table 3-1 

notes the number of responses assigned to each category. It is useful to 

distinguish between systems used primarily for data storage and retrieval, 

true geographic information systems, and specialty· sys·tems .. Data storage 

and retrieval systems lack sophisticated data manipulation software~ normal-

ly store.data in a consistent format, and maintain single or very closely 

related data types. Information systems are more sophisticated, handle a 

wider variety of data types and formats, and normally accommodate ad hoc 

inquiry. Specialty application ~~stems used for mapping, Landsat data 

analysis, etc., are specially configured for unique data handling applica-

tions. 

Table 3-1 

Nunerical Classification of Systemsz 

System Type 

Data Base Maintenance 

Output Mapping - Image Production 

Information Retrieval - Point 

Information Retrieval - Fixed Grid 

Information Retrieval - Variable Boundary 

Information Retrieval - GBF/DIME 

Information Retrieval - Combined 

Integrated - Map Overlay 

Integrated - General Purpose 

Digital Terrain Model 

Other 

Other Distinguishing Cha:racteristios 

Number Classified 

5 

6 

6 

7 

2 

2 

8 

6 

2 

1 

5 

The sample is further described by eleven other characteristics 

gleaned from the questionnaire. These are reported as the totals on 

Tables 3-2 and 3-3. Each characteristic imparts a unique set of values 

which influence deductions about the sample. A few examples are noted: 

2For explanation, see Chapter 2. 
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1. Stage of development: Influences .tbe degree to which the 
system meets the needs for which it was designed. An oper-
ational system presumably bas reached tbe stage where it 
operates satisfactorily (at least to tbe extent that it is 
used by a user group). An unexpected implication of the 
stage of development on this sample is the extent to which 
it influences the report of unmet needs for data or software. 
Respondents for systems which are operational noted few needs. 
Respondents for systems under development noted many needs, 
primarily reflecting characteristics under consideration, but 
not yet operating. 

2. Sponsorship: Reflects, in part, the degree of control over 
system development, and also reflects-the geographic coverage 
and amount of data stored in the system. 

3. Method of geodefinition: Refl~cts the way the data are 
entered, stored and output from the system and the types of 
analysis which can be most easily performed on the data. 
Four of the systems have external indexing, ten have im-
plicit references, thirty-three have explicit reference, and 
three exhibit a combination of the above. 

4. Derived analysis: The transformation of the primary data 
into forms with more meaning to the user, such as suit-
ability, accessibility, cost, etc. This is an indication of 
system sophistication, and of the- extent spatial data proces-
sing capabilities are being used to their potential. 

Two maps are provided to graphically demonstrate some of the charac-
teristics of the systems residing in the Pacific Northwest states. Figure 

3-1 illustrates the stage of development of the systems in this region. 

Figure 3-2 illustrates the primary type of location identifier used to 

reference data in each of the systems. 

Tabuluar overview and Summary of Distinguishing Characteristics 
Tables 3-2 and 3-3 summarize the descriptive characteristics for the 

total survey population, and differentiate the responses for each of the 

representative groups of system users. Though primarily reported for the 

purpose of providing an introductory profile of the sample, examination of 

the table provides some very interesting observations relevant to this 

study. Some have already been cited in the summary; others are noted below. 

1. Thelanduse planning and land management systems are the 
most versatile and the most likely to integrate data 
storage and retrieval functions with data analysis and 
graphic display functions. The resource planning and 
management systems are nearly equally split in number 
between integrated and single use systems. The mapping 
systems are all single purpose. 
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Table 3-2 

General Characteristics of the Sample Systems 
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Operating Characteristics of the Sample Systems 
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2. The majority of .the systems, even if operational, are still 
developing. New applications are being found for existing 
systems and new bardware and software is being acquired to 
broaden tbe utility of tb.e systems. The pLanning agencies 
are most likely to be anticipating further system develop-
ment. The systems built around a particular data storage 
and retrieval function are most likely to be operational 
and not reporting further system development. 

3. The majority of the systems sunteyed are federally sponsored. 
The next largest group are the state systems; followed by 
regional, tben county and city. It appears tbat a combina-
tion of factors such as diversity of responsibility, geo-
graphic area of coverage, voltmle of data, and tbe amount of 
money to spend for research and development have influenced 
the tendency for the lesser le~els of government to have 
less sophisticated data handling operations and fewer computer-
assisted applications. 

4. There are few respondents who report that their systems 
are used for derived mapping or analysis, even in cases 
where the software would allow more sophisticated data 
interpretation to be performed. 

5. The scale at which agencies work influences the type of 
geodefinition. Metropolitan planning agencies with parcel 
level responsibility have a greater proportion of systems 
with explicitly defined data than regional planning agencies 
which are concerned more with regional trends. All mapping 
is explicit by its nature. Resource management systems are 
divided between explicit definition for recording observa-
tions and for resource conservation, and external indexing 
for regional statistical reporting. 

6. The main vendor supplied system component is the graphics 
element. All of the mapping systems are vendor supplied, 
as are the output mapping subsystems of some of the federal 
systems. Many of the special application federal systems 
were developed by and/or supplied by contractors. Few of 
the planning, land management, and other resource manage-
ment systems in the Northwest are vendor supplied. 

7. Most municipal planning systems are user friendly, inter-
active, and conversationally directed, probably because 
of the need to access data quickly for reviewing permits 
and answering public inquiry. The regional planning 
systems are all batch processed systems requiring special-
ist users and exhibiting much longer response time. The 
environmental protection and resource management systems 
are mostly conversationally directed to allow specialists 
easy access to data needed for analysis. The resource 
management systems which are not user friendly are primarily 
used for statistical reporting and record keeping. 
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8. The .availability of transferable software is poor, Most 
agencies do not report their software to be documented or 
available for use by others~ Of .the transferable software, 
most was obtained from vendors and documented by the vendor. 

9. The production of computer grapbics is found to be useful 
by every ·type of user. All of the planning agencies., and 
most of tbe resource management agencies can produce 
computer maps. Two-tbirds of the computer .mapping is 
plotted graphics. All metropolitan planning agencies have 
digital line reproduction capability. The regional planning 
agencies all map using a printer, and none have digital line 
reproduction capability. Large area resource planning 
agencies use printer graphics. The systems which do not have 
computer graphics capability ~re primarily those which store 
point defined data or have ext~rnal reference. 

10. The environmental protection agencies have the least interest 
in integrating environmental with other types of data, 
probably because the systems surveyed were primarily used to 
monitor environmental conditions. Resource planning and 
management agencies also report few systems which integrate 
data. The planning agencies and land management agencies all 
report the integrat:_ion of environmental with nonenvironmental 
data. 

PROFILE OF PREVALENT AND PREFERRED CHARACTERISTICS 

The data handling activities and preferences, and the characteristics 

of the data used by different sectors of the survey population are re-

ported in the remainder of this section. A representative profile is 

develop~d for each of the groups of system users, and for each of the 

classified types of systems. The profile is reported in order to answer 

the following research questions: 

1. What systems are now in use in the region? What types of 
agencies have them? What are their principal character-
istics? What are they used for? 

2. What categorical types, hardware/software configurations, and 
data handling capabilities of systems are characteristic of 
different groups of users? What are the characteristics of 
different types of systems? 

3. What are the perceived data and geographical referencing 
needs and system use objectives of different types of users? 

4. What types of editing, spatial analysis, and dis_play func-
tions are most prevalent and pref erred by different types 
of users, and performed by different types of systems·1 

5. What are the principal sources of spatial data for informa-
tion systems? 
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The basic responsibility of the respondent is used as the basis for 

the user profile. The '.inferences are based upon the desired character-
istics reported by the respondents. The desired (preferred) character-
istics are reported because it is a closer approximation of user need. 
Present application is limited by existing equipment, mandate, budget, 

etc., and thus is not truly representative of the characteristics which 
ar.e perceived to be important. The characteristics chosen for description 
are, in addition to those already reported in the introductory profile: 
system application, data analysis, data handling software (data processing 
capability), data type, data source, data characteristics, and mapping and 
geographic referencing characteristics~ 

The actual operating characteristics reported by the respondents is 
used to profile system characteristics. The actual characteristics of 
each type of system are used for evaluation because they better represent 
technical potential and limitations. The desired characteristics may not 

be feasibly produced by a particular type of system, but any agency could 
develop or acquire a new system to meet its needs. The characteristics 
chosen for description are: system application, data analysis, and data 
handling software. 

Interpretation Technique 
Summary tables are provided to portray graphically the patterns of 

response by each group for each characteristic. These tables are numbered 
3-4 through 3-10 and are integrated into the text. Comparison is possible 
because the graphic symbols represent scaled responses rather than actual 
numerical tabulations. The numerical record of response from which these 
stnnmary tables are derived is located in Appendix 5. 

The scaling of responses is accomplished by reporting 'percentage of 
total sample' summaries. For each, the total sample size of each classi-
fication was divided by the number of actual responses within each 'cell,' 
and a symbol representing the interval within which this value fell was 
recorded. For determining the 'percentage of the total sample, ' the number 
of respondents not answering the questions (represented by the 'not re-
ported' category) was subtracted from the total sample size for eaeh elassi-
fieation. Thus the actual sample size used for calculation of the 'percentage 
of the total sample' changed from question to question. To illustrate: 
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Category 'A' ha,s a total sample size of eleven. Five 
variables are to be evaluated_, each representing an 
option for a question: Vl_, ·v2_, V3_, V4 and V5. The 
number of observations within each 'cell' are.: 
Vl = 3; V2 = 4; V3 = 5; V4 = 1; V5 = 8; Unreported = 1. 

The percentage of response_, rather than being ba,sed upon eleven_, is 
ba,sed upon ten because one respondent failed to answer the question. The 
percentages and interval cla,ssifications which result (and which would be 
found on the swnmary tables) are: 

Variable Percent Interval Tabular Symbol 
Vl 30 25% ·- 49% • V2 40 \ 25% - 49% A 
V3 50 50% - ?4% II 
V4 10 Less than 25% • 
V5 80 ?5% or greater e 

Not Reported 1 (actual nwnber 
of observations) 

Interpretation and Use of the Swnma:Py Tables 
The tables illustrate similarities and differences in responses be-

tween groups, and the extent of application of or interest in particular 

characteristics. Evaluation by row demonstrates the characteristic 

responses of each group, and thus reflects preference or application. 

Differences between row responses contrast the responses of the different 

user groups and the different system groups. Evaluation by column demon-

strates which individual characteristics are noted for any group of imlterest. 

The column totals represent the extent to which any characteristic is 

reported by the total survey population. Each of the tables should be 

examined individually. 

Profile of Desired Characteristics of System Users 
Tables 3-4 through 3-8 report the relative frequency for which each 

type of user reported desire for each characteristic. The descriptions 

are based upon an examination of the tables. It is not the purpose of this 

report to try to analyze fully the significance of these tables. The 

readers are urged to draw their own conclusions. Though not sufficiently 
analytical to be used as a substitute for a separate user needs assess-

ment, many interesting patterns of response are reported which can be 
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Table 3-5 

Comparison of the Data Handling Software Desired by Each Type of System User 

Editing Spatial Rectification Measurement Sorting/Merging Comparison Graphic Output Other I 

KEY (]) VI - s... s... VI 
~ (]) (]) 
VI > ..... >, 

None Reported 0 ...... u: l'tl - u ~ c: c: VI 
0 0 c: c: c. ..... 

c: 0 I I (]) 0 VI VI VI _._ Less than 25% .µ .µ +.J s... 0 ...... ...... ...... VI ..s:: c; >-, ..... 
u u s... c: O·.- I- l'tl ...... ..... ';;; 0 .µ u ';; VI 
(]) (]) 0 0 VI (]) ...... c l'tl l'tl E u VI s... >-, 

_A_ 25% to 49% s... I- ...... ...... (]) s... . ..... c .E c > > (]) (]) >, l'tl ...... c ..... 
s... I- QJ VI .µ .µ C"IQJ ..... (]) ...... ...... (]) (]) VI CX: VI ';; (]) I- <( .,, 
0 0 ...... c; ltl c c > .,.. E c: I- E ...... ·;:::: QJ c: I- O'I V) .,, c 
u u .,, N ~ ltl c .µ QJ ~ ~ s... I- E 0 QJ c: c: ..s:: ..... <( _._ 50% to 74% -0 .s:::. 0 c: s... QJ ...... ..... C"I .,.. 0 .,.. ...... .,.. <( QJ u <I.I 
-0 -0 Cl.. c. ..... c: QJ u u <I.I ~ ~ ~ 

...... QJ QJ c: LL. I- c c .µ ~ ...... .,, -0 
c: c ::::> .,, .,, O'I O'I -0 VI QJ ex: ex: 

I- ~ 
'+- => ..... .s:::. ..... ';;; -0 ...... QJ 

l'tl .,, ::E I- ...... c: c: QJ ..... ro ~- 0 u ~ O'I O'I ro c: QJ .,, +-> • 75% or Greater QJ QJ ..... l'tl 0 .µ c: QJ VI c: QJ ...... QJ 0 u QJ QJ c: I I u > l'tl C"I ex: 0 !... c c ..... O'I C"I c: <( .s:::. ...... l'tl c: 0 ::E l'tl 0 -0 >...c: > ..... ...... :z ...... .,.. QJ C"I ...... c 0 
c: c QJ u ...... c: O·.- QJ .,.. ...... ...... c. ..... c. l'tl ro I- >, >, 3 c: ...... 

~ C"I E . ..... C"I ~ ..... 0.. ...... ...... LL. . ..... ...... C!l c U·.- .,.. VI I- ::E ...... 0 ..... l'tl ...... ,.. ::E QJ I- ~ ro ltl . .... VI c: .,, s... c: ro .,, Cl.I 

(Note: Sample size in parentheses) W+l ...... a; > QJ QJ -0 ..... s... ro u I- u I- us... ...... C"I 0 ..... ..... QJ ..... ...... QJ ...... s... QJ ...... ...... Ill a:: 
ex: c: c: ltl 0 QJ ..... ,_ . ..., I- l'tl QJ QJ l'tl QJ ..... QJ C"I Q.I u QJ l'tl QJ ...... I- I- ~ QJ ...... I- E O'I ...... -0 ...... -0 
<( QJ QJ ...... .0 E c: -0 ro 00 u> c: QJ I- c: ,_ 0 ,.... VI O'I QJ ..... c: QJ QJ ,_ -0 l'tl ..... 0 l'tl ..... l'tl C"I c: -1-' 
3-0 ~ l'tl .,, QJ 0 u I- 0 00 .,.. s... .,.. QJ QJ QJ QJ QJ -0 s... c: 0 > > l'tl 0 ...... x 0 QJ .s:::. 0 ...... .,, 

~ I- ..... 0 _J ex: _J ::E V) 0.. u _JU _J <( 0 u V) C!l 1/10 L.&J u ..... u 0 0 > :::E V) w N 0 _J V) .M 0 _J 

BASIC RESPONSIBILITY OF RESPONDENT: LL. 
0 
V) 

(4) • • y/ 

.IA Metropolitan Land Use Planning • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 0 
----- --

Regional Land Use Planning (5) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 0 
- - ---' 

Land Management (5) • A • • A • A • • • • • A • • • A • • • A A • • 1 I 
I 

1 
Mapping (6) • A • • • • • • • A • • A • • • • • • • • • A • • • A A 0 

Environmental Protection ( 3) • A A • A • • A A A • • A A A A • A • A A 0 

Resource Planning {14) • • • • • • • • • • • -~ 
and Management • • • • • A • A A • • • • • • • • • • • .... • 

'---f--

Special Area Planning (2) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • I -- - --- >------·----
oj Other ( 11) A A • • • • • • • A • • • • • • A • • • • A • • • • ••••••• 

Total {50) A • • • A A • • • • A • • • • • • • • • • • • • • A • •••••• 3 I 
---~-~-- -
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Table 3-6 
Comparison of the Data Types Desired by Each Type of System User 

I 
I 

KEY I 
I 

None Reported VI I c: - 0 

"' I ..... 
.µ .µ 

I Vl _.__ Less than 25% a. "' >, c:::::i 
VI ·s::: I w C"I 

0 QJ u ';;; 0.. 
25% to 49% I >-_._ u VI .µ I- >, 0 

.....J c: QJ c: I <( 
C"I s... 

<( "' c:::::i 0 "O 
0:: c: QJ >, ._ 50% to 74% UJ c: >, VI E I I- 0 :::I: z 0 "O .µ (lJ c: <( s... 
UJ l- l- u 0 -o I c:::::i 

"O s... • (.!) .µ 0 Q; s... s... ~I .....J 75% or Greater ::I >, c: >, (lJ ..... "' I... a. >, ·; ..c: 0 ::c ..... 
I c: ..... QJ "'O 0 VI ..c: 0 I... <( 

cu I... QJ > c: s... (lJ a. VI c: QJ g_I ~ a. ..... QJ "' E 0 VI 0 C"I "' 0.. ..... l'Cl QJ UJ ...... ~ l'Cl .µ .... QJ 3:: 
(Note: Sample size in parentheses) Vl 

s... ~I~ s... l'Cl u "'O 
UJ VI ..c: VI a. => u C"I c: .µ s... a: .a 

0 C"I .µ l'Cl c: 
0.. ::I ..... VI VI c: VI ..... C"I s... "' QJ QJ ...,I~ o 0 QJ " .... ::I 
>- VI QJ c: "'O "O VI QJ "' ,_ 0 "O '[ a. Ol s... 0 

"' VI "' c: c: c: ::I -c Ol a. c: ..c: ..c: t- c: ..... 0 l'Cl ..... l'Cl ..... 01 0:: QJ 0 QJ ::I L. 
(lJ QJ VI L. l'Cl "' 0 0 0 QJ (.!) 

:I: <( t- .....J .....J N :::I: u .....J ::.> I- .....J 0 > 0 z ........ (.!) I- > 3 Vl 
<( u I> BASIC RESPONSIBILITY OF RESPONDENT: I- z <( I w // 
c:::::i 

I 
I 

Metropolitan Land Use Planning (4) • • .& • .& • • • .& .& • .& • .& o, .& • .& .& .& .& 
I 
I 

Regional Land Use Planning (5) • • • • • .& • A • • • o, A • • • .& A 
I 
I 

Land Management (5) • • • • • • • • o, .& • • • • • I 
I 

Mapping (6) • .& • • • • .& • .& .& • .& QI .& • .& 
I 
I 

Environmental Protection (3) .& .& .& • A A 0 I A A .& • I 
I 

Resource Planning 
and Management (14) • .& A • • • • • • • 2 I 

I .& • .& • A 
I 
I 

Special Area Planning (2) • • • • • • • • 0 I • • • • I 
I 

Other ( 11) .& • • • A • • • • • • A • • • • 1 I • A • • .& • I 
I 

Total (SO) .& • • • • A • • • • • A .& • • A 3 I A .& A • A • I 
--~ 

.. ------~=-

VI 

"' QJ 
I... 
<( 

QJ 

c: s... > 
0 QJ 

..c: VI ..... 
.µ ..... VI (lJ 

"' "' QJ u VI VI 
.µ QJ u !... QJ c: 
(lJ 3 I... ::I u QJ 
I... ::I 0 s... Vl -a 
a. -a 0 VI ::I (lJ 
I... c: VI (lJ 0 " I... .._, 

QJ cu "' cu a:: VI c: (lJ I... 
a. ..... a:: cu "' > QJ 0 

cu ..- a:: 0 ..- CL >, c: 
!... QJ l..) .a QJ t- ........ ..... "' "' QJ I... L. ::I "' L. a:: 

E .0 QJ cu CJ " QJ ...... ...... 
L. E c: ..... c: I- ..c: ..... 

"' c: l'Cl "' ..... 0 0 0 :;: :f Vl Vl u r- 3 => _J > 0 ::z 

·- --

.& .& .& .& .& .& .& 1 

• • • .& • • • • 0 

-

• • • • A • • • • 0 

.& • • • 1 

A .& A .& A .& A 0 

A .& A A A A • A • • 0 

• • • • 1 __ .,__ -- '""---~ 

• • • • . ...... 1~ -·- ---

.... ·I·-~--· A A • • A 3 I 

__ _J 
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Table 3-8 
Comparison of the Mapping and Geographic Location Referencing 

Characteristics Desired by Each Type of System User 

I I 
KEY IX I I LI.I - I I LL. 
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"Cl I I I.LI 
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helpful in understanding the characteristic needs of each group, and thus 

perhaps focus upon particular issues and options. 

Metropolitan Planning: The systems used by metropolitan planning 
agencies are the most sophisticated, yet meet user needs to the least 
extent. This is believed to be a result of the wide variety of different 
types of applications perceived by the respondents in this group. Most of 
the systems are operational, but still are developing new capabilities. 

All are conversationally directed and most have graphic line reproduction 
capability. All integrate environmental and nonenvironmental data. 

The applications desired are quite diverse. The only types of ap-
plications for which significant desire\is not indicated are the various 
types of applied environmental and resource management applications. 
Interest is predominantly indicated for systems to perform land use plan-
ning related concerns: modeling and monitoring growth trends, land suita-
bility analyses, maintaining urban data banks, and site selection. Mapping 
at cadastral accuracy is desired, indicating a very fine scale of data 
collection. Analytical capability is recognized to be important. The 
types of analysis desired are representative of siting and change moni-
toring functions. The need to perform statistical analyses is also 
recognized. 

The desire for the ability to have a system perform diverse functions 
is supported by the recognition of and desire for the greatest variety and 
most sophisticated data handling capabilities. The greatest desire is 
reported for measurement, sorting and merging, comparison, and graphic 
output capabilities. The metropolitan planning agencies are the only 

group which perceive illustrative graphic output, such as diagram display, 
shading, and perspective drawing, to be important system capabilities. The 
ability to integrate data from many sources and to perform logical ana-
lytical operations upon the data is perceived to be very important, yet 
there is little interest demonstrated in the ability to access data from 
external files. This may be due to the heavy reliance upon data which are 
collected and placed into usable form by the agency. The analysis of ter-
rain data is important, but there is not very much interest in Landsat data 

analysis capability. 

Topical data needs of metropolitan planning agencies are reflective 
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of metropolitan concerns. Management of the natural environment is not a 

high priority, therefore there is a lesser desire noted for natural re-

source data than for most groups. Census, land use, zoning, housing and 

legal property descriptions are the type of data most desired. A versa-

tile data handling structure is implied due to the variety of formats in 

which these data are usually maintained. Only one metropolitan planning 

agency reports additional desire for any type of environmental data, 

excluding relief information. The heavier desire for nonenvironmental data 

is expected due to the small and culturally impacted nature of the areas. 

The areas of coverage are small, and as expected this influences the 
' scale and precision of the data collected. High precision and resolution 

requirements are noted. Scale requirements are reported to be larger than 

1:24,000. Variable scale data integration is also desired. 

Many different data sources are reported. Published surveys and maps 

and field survey are the primary sources from which data are extracted. 

Half of the respondents report the need to integrate different location 

identifiers. Only Lambert Conformal map projection is reported, indicating 

the reliance on the standard U.S.G.S. quadrangle map as a base. The most 

common coordinate reference is state plane coordinates. Referencing is 

also accomplished using latitude and longitud_e_, public rectangular survey_, 

and arbitrary 'x, y.' Multiple coordinate referencing is reported by half 

of the municipal planning respondents. 

Regional Planning. The systems belonging to regional planning agencies 

are very different in form from the metropolitan planning agency systems, 

and the applications, though generally similar_, reflect differences in the 

size of coverage and the administrative mandate. Complex and simple systems 

are included in this group. None of the systems are conversationally di-

rected, and most rely on batch processing of data, thereby slowing response 

time considerably. All have computer-assisted mapping capability_, but only 
two handle data in line mode. 

The types of applications and analyses pref erred by the regional plan-

ning agencies are similar to those of the metropolitan planning agencies, 

with few exceptions. These exceptions ar_e, for example, the greater des ire 

for applied environmental and natural resource management applications_, and 

less preference for the mapping and analytical capabilities. The data 
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handling capabilities, in every category, are desired less frequently than 

for the metropolitan planning agencies. Sorting and merging capabilities 

are found to be the most highly desired, followed by comparison, measure-

ment, and spatial data rectification. Digital terrain evaluation is 

desired, but no respondents indicated desire for Landsat data handling 

software. 
Natural resource data are preferred by a higher percentage of regional 

planning respondents than by metropolitan planning respondents. Land use 

data are very important, as are land cover, topography, and zoning. En-

vironmental data needs are diverse. Soil type is the most highly desired. 

Renewable and nonrenewable natural reso~rces are not highly desired. Data 

represented as area coverages are more important than point or line for-

matted data. 
The size of the coverage ranges between 1,000 square miles and 100,000 

square miles. Data sources are varied. The predominant data source is 

published surveys and maps. Field surveys, preencoded data, Landsat, and 

other remote sensing data are also indicated. Most respondents report 

multiple data sources. Precision requirements are high, but the preferred 

resolution is in the intermediate range. The predominant form of location 

identifier is the grid. The predominant scale is large, and two of the 

five respondents report variable scale data requirements. The only map 

projection reported is Polyconic. Coordinate reference is varied. Latitude 

and longitude and arbitrary 'x, y' predominate, and state plan, UTM, and 

public rectangular survey are also reported. Only one agency reports 

multiple coordinate reference capability. 

Land Management. Resource inventory applications are most prominent . 

for the land management agencies. The systems are, as a rule, less so-

phisticated than those of other users. The occurrence of unmet ~eeds is 

also lower because of the simpler data handling requirements. Most of the 

land management systems are still undergoing development. All are as-

sociated with a particular data base, and most are user friendly. Computer 

mapping capability is desired, but not universal. Thematic mapping and land 

use allocation are also highly desired, reflecting the need to allocate the 

use of land between many competing uses. There is, surprisingly, little 

interest in base mapping and land suitability analysis. No interest in 

derived analyses are reported. 
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Data comparison and measurement are the data handling capabilities 

most desired, and the least interest is reported for grapbic output, 
modeling, value weighting, and statistical analysis. Editing, spatial 
rectification, and measurement concerns are noted higher than the norm. 
Digital relief analysis is not considered to be a priority of the sample, 
and Landsat data classification and analysis is not reported to be a con-
cern of any of the respondents. 

Land management agencies show greatest preferences for area coverages 
and for natural resource data. The most highly reported general data 
types are land cover, land use, land resources, legal property descriptions, 

topography, and other environmental data. The interlocking ownerships of 
state, private, ·.and federal wild lands necessitates the aggregation of data 
into ownership categories, thus demonstrating the interest for these types 
of data and the interest in variable boundary and polygon-type ·systems. 
The most frequently desired environmental data are soil type and interpre-

tation, timber resources, vegetation (most notably timber) and land cover, 
all area coverages. Also highly preferred are topography, surface hydrology, 
climate and weather, and unique and sensitive areas. This group represents 
area coverage, line, and point data. Coverages range from 1,000 square miles 
to over 100,000 square miles. The most predominant method of data collec-

tion is from field survey, followed by published surveys and maps and con-
ventional aerial photography, in order of preference. Other sources are 
also· reported, but none report the incorporation of Landsat or othe.r remote 
sensed data into the systems' data bases. A majority of the reporting 
agencies indicated multiple data sources. Precision requirements are high, 
and resolution needs are reported in the intermediate and very fine range. 
Location identifiers are varied. Two grid, two polygon, and one point 
system are reported. Scale· ra~ges from medium small to large, with large 

scale predominating. Both Polyconic and Lambert projections are reported 
and the coordinate references vary greatly. Public rectangular survey and 
state plane coordinates predominate. Multiple referencing is also desired. 

Mapping. Mapping is a special type of use. Few agencies' responsi-
bilities are solely dedicated to map production. However, special programs 

within agencies of ten require the specialized services of cartographers and 
cartographic production ~ystems. All of the systems described are supplied 
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by vendors, but only half are reported to be conversationally directed. 

All of the systems reproduce line linages by use of computer hardware and 
software. Two thirds of the respondents indicate that the systems are 
still undergoing modification. Five of the six systems are dedicated to 

a particular data base or set of data bases, and only one is used for special 
ad hoc projects for which a data base is not maintained. The mapping agen-
cies do not express desire to serve other than mapping purposes, though the 
data, hardware, and software are often capable of other applications. 

The mapping agencies report a surprisingly high desire for diverse 
types of software. Editing, spatial rectification, and sorting/merging, 
are most desired and there is the least\iesire for analytical capabilities, 
such as value weighting, modeling and statistical analysis. Though greater 
than the norm, there is a surprisingly low desire for the more sophisticated 
graphic output capabilities and no interest in advanced analytical capability. 

The mapping agency's data requirements are related to the types of maps 

which are drawn, and are thus better expressed individually rather than col-
lectively. A few observations can be made, however. The data types re-
ported are principally graphically portrayed as networks or as line 

boundaries. Land use is the most frequently reported data type, but many 
other types of data are reported. 

Four of the mapping agencies -produce maps for national coverage, and 

one each produce maps for coverages in Washington and Idaho. The sizes of 
the areas mapped vary widely. The predominant data sources are published 

surveys and maps, conventional aerial photography, and field survey. Most 
agencies report multiple data sources. Surprisingly, only ope of six re-
ports precision figures, and that one reports requirements to be moderately 
high. Resolution requirements are reported to be intermediate to fine. 
Three of the respondents did not report the form of the location identifier, 
but they are inferred to be encoded as lines. Two report line, and a single 
respondent reports grid encoding. Scale varies widely from very large to 
small. 1:24,000 scale predominates. Most report variable scale capability. 
Lambert Conformal is the predominant projection. State plane and UTM co-
ordinates are most dominant. Very surprisingly, no respondents indicated 

arbitrary 'x, y' coordinate referencing, which is the camnon type in most 
stand-alone graphics systems. It is most probable that the coordinate 
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referencing of the output maps rather than the data in internal storage is 

described. 

Environmental Protection. Spatial data handling systems used by en-

vironmental protection agencies-are primarily designed to monitor and 

analyze environmental conditions. The type of system is highly influenced 

by the types of data which are maintained and the analytical requirements 

of the users. The small sample makes characterization difficult. All are 

associated with a particular data base, require explicit data referencing, 

were developed in-house, and are user friendly. Only one of the three in 

the sample stores nonenvironmental with environmental data in the data base 
\ 

and only two report computer mapping capability. 

The two predominant applications performed by the environmental pro-

tection agencies are modeling and environmental impact assessment. Trend 

projection and site selection are also noted by more than half of the 

respondents. Environmental protection agencies, along with metropolitan 

planning agencies, report a significant desire for advanced analytical 

capability. Optimum location, quality, availability, and development 

restraints are the most frequently reported. 

The small population of environmental protection agencies reports few 

and not very diverse software requirements in comparison to the total popu-

lation. Selective data retrieval, and the ability to identify and correct 

closure are the only capabilities desired by all three respondents. Only 

editing capabilities are reported more frequently than the norm. Digital 

relief analysis and Landsat data analysis are not desired by any of the 
agencies in this group. 

The small sample is not indicative of data needs. Each application 

is unique but area coverages, line networks, and points are noted. Data 

sources vary. Field survey and published surveys and maps are predominant. 

Precision requirements are high (due probably to the requirement to locate 

accurately sampling stations) and resolution requirements are at intermediate 

levels. Polygon, point, and integrated locational identification are re-

ported. Polyconic projection is the only projection mentioned and latitude 

and longitude and UTM coordinates are the only coordinate references reported. 

With a larger sample~ more point referenced systems and data from field 
monitors would be expected. 
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Resource Planning and Management. The systems surveyed in this group 

are nearly equally divided between simple data base management systems and 

more sophisticated resource management information systems. They are 

primarily designed for handling a single data type or related sets of data. 

The predominant applications of the resource planning and management 

agencies are resource inventory and modeling with lesser frequency applica-

tions for base mapping, land classification, critical area planning, main-

tenance of an environmental data bank, site selection, and timber management. 

The selection is believed to be highly influenced by the specific functions 

of the sponsoring agencies. It is surprising that both the land management 

and resource planning and management ag~ncies show little concern for using 

their systems for trend projection, base mapping, land suitability analysis, 

and the more sophisticated types of data analyses. This perhaps can be 

explained by the high proportion of systems performing inventory functions. 

Due to the diversity of this group, a desire for every type of data 

handling capability is noted, but the consistency of desire for any type in 

particular is relatively- low. The pattern of response generally follows that 

of the total population. Selective data retrieval is the most desired 

capability. Spatial data rectification and comparison also rate high. 

Editing is the only group of capabilities which rates below the norm, 

possibly due to the fixed format qf most of the data. Special types of 

capabilities such as 3D mapping, diagram, and chart display, value weight-

ing, and integration from remote files each are more highly desired by 

agencies in this group than the norm. Digital relief analysis is favored 
by half of the agencies reporting in this group, but Landsat data analysis 

is only desired by two agencies. 

Resource Planning and Management agencies report desire for many types 

and forms of data. The diversity of the system applications of the sample 

accounts for this pattern. The same data types which are reported for land 

management agencies are herein reported, but there is far less desire for 

property descriptions and greater desire for other environmental data types. 

Land resources, land cover, and land use are the most frequently reported 

general data types. Surface hydrology is the only environmental type which 

is preferred by the majority of respondents. The specific purpose for 

which the system is designed is the predominant factor in the choice of 
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data. Integration of data from various sources in varying spatial formats 
is implied. The majority of co\erages are larger than 100,000 square miles. 
The smallest is between ten and 100 square miles. The predominant source 
of data is field survey. Published surveys and maps, pre-encoded data and 
conventional aerial photography are also frequently reported. Most re-
spondents prefer multiple data sources. No comment can be made about 
precision due to the limited response. The predominant resolution is coarse. 
There is no consistent encoding format reported. The scales of data vary 
widely from large to very small, and the majority of respondents report 
variable data scales. The utility of multiple map projection is recognized. 
The predominant coordinate reference is l~titude and longitude, with lesser 
numbers reported for UTM, state plane coordinate, public rectangular survey, 
and arbitrary 'x, y' in order of preference. 

Special Area Planning. Special area planning agencies perform planning-
related functions for specific types of activities such as transportation 
and health, rather than land use, but still adhere to principles and tech-
niques of planning. The operational needs are therefore very similar. The 
two responses are indicative individually of needs of the functions of that 
type of agency, but the sample is too small to be representative of the 
group at large. Because one of the systems is being developed, it somewhat 
biases the results. 

Neither of the systems is user friendly, but both were at least partial-
ly developed by vendors. Integration of environmental data and nonenviron-
mental data, and the integral data bases are reported. Explicit data 
referencing is not perceived to be essential. 

The special area planning agencies most frequently indicate resource 
inventory, modeling, and route selection applications. Modeling and resource 
inventory are believed to be significant. The other predominant choices are 
believed to be more representative of the special types of functions performed 

by the agencies which responded, than representing unifying characteristics 
of this type of data user. Sophisticated data analysis is perceived to be 
important. Each major category of system software is des'ired. Proportional-
ly, the frequency of response is equal to or greater than the norm for every 
category of software. 

Special area planning agencies have more focused data requirements 
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due to the singular nature of applications. Land use, again, is the most 
frequently reported data type. Zoning, transportation, and utilities data 
again surface as relevant for planning. The single response to the environ-
mental data question is only representative of the responding agency. 

Published surveys and maps are the predominant data source. Pre-
encoded, interpretation from other data in the system, and conventional 
aerial photography are also reported~ No precision choice is reported and 
the resolution of the grid system is coarse. Scale is medium-small, but 

variable. Polyconic map projection, latitude and longitude, and state 
plane coordinate reference are reported. 

Other. The respondents grouped i~to the 1 other' category are diverse~ 
but this diversity is representative of very specialized types of applica-
tions and also unique system configurations. The profile for this group 
has the most meaning if compared to the other groups on the basis of the 
comparison between general purpose systems and systems designed to meet 
unique user requirements. A high percentage are fully operational and not 
developing new capabilities. Also, a high percentage are vendor supplied. 
Most are user friendly and most are capable of graphic line reproduction. 
Nearly all have computer mapping capability but few require the integra-
tion of environmental with nonenvironmental data. Many types of applica-
tions and analysis are reported, but none with any significant frequency. 
Little consistency and a variety of different preferences for software are 
also reported. As might be expected, this group as a whole diverges from 

the norm in many areas. The greatest number of special applications are 
noted in this group, many of which are not common to the general population. 
Line generalization, creation of new files, integration from remote files, 
and labeling are all desired in greater proportion in this group. Sur-
prisingly, diagram and chart display and modeling are not highly rated and 
digital relief analysis, overlay, and contouring are desired in less pro-
portion than the norm. 

There is at least singular desire for all of the data types queried, 
but again, choice is highly determined by the responsibilities of each 
reporting agency. There is only one data type preferred by the majority 
of the respondents and, as might be expected, the 'other' choice is noted 
frequently. The most connnon environmental data type reported is geology, 
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most prob~bly due to the large number of systems reported from the U.S. 

Geological Survey. The other most frequently selected data types are 

topography, mineral resources~ and land cover. The agencies reported in 

this category predominantly report needs for a variable selection of data. 

The system configurations are normally centered around a particular type 

of analysis. 

A data-characteristic by data-characteristic description would not 

provide a representative description. Some highlights are noted. All of 

the systems have large area coverages. The sources of the data are quite 

varied and there is a higher reliance. upon pre~encoded and remote sensed 

data than that of other groups of resp~\idents. Resolution requirements are 

quite varied, but appropriate for the types of application and sizes of 

coverage. The forms of the location identifiers also are varied. The co-

ordinate referencing is as expected for the type of agencies reporting, 

and is also quite consistent with the other resource planning and manage-

ment type data bases exhibiting similar ranges of size and application. 

Profile of System Characteristics 
Tables 3-9 and 3-10 provide a profile of the actual operating charac-

teristics of the classified system types. Representative applications, 

types of analysis, and data handling software are tabulated for each group. 

Though not definitive, this evaluation illustrates the types of applica-

tions and data handling operations most commonly performed by different 

types of systems. The limitations and potentials of these systems are in-

ferred. The tables report the frequency of responses in each descriptive 
group as a percentage of the total reported for each group. The numerical 

frequencies of the actual and desired characteristics are tabulated in 

Appendix 5. 

Since the desired applications and data handling capabilities may not 

be feasibly produced on the systems, only the actual characteristics are 

tabulated in the graphic sunnnary, and reported herein. Two issues are 

significant in this discussion. The first is: what are the applications, 

types of analyses, and data processing capabilities able to be performed 

by different types of systems? The second is: which types of systems can 

perform different types of data processing, analysis, and application which 

others cannot or do not perform. The text in this section is formatted 
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differently to provide a better direct comparison between the system types. 

Rather than profiling the aggregated characteristics of each system type, 

each issue is addressed separately. It is again noted that the tables and 

text are exemplary. 

Applications and Analyses. Data base management systems are most 

highly used for resource inventory applications. Data users also access 

data from these systems for conventional nonautomated analysis, display, 

and reporting. No derived analyses, siting, trending, mapping, modeling, 

or similar applications are performed with these systems. 

Output mapping (Image Production) systems are most highly used for 

base mapping and resource inventory, bht may also be used to produce maps 

suitable for use and interpretation by others. The additional applications 

reported are the result of a single response, and therefore may not be 

representative of the group as a whole. 

The composite of types of information retrieval systems demonstrate 

a much more versatile and sophisticated range of applications and analysis 

than the previous two types of systems. Applications such as modeling, 

trend projection, thematic mapping, and various management applications 

are noted. The types of analyses which are reported are also more so-

phisticated and diverse. Fixed grid and combined systems appear to be more 

versatile than the GBF/DIME, variable boundary, and point systems, but the 

greater number of operating systems in this group may be biasing the results. 

The point systems are most tlghly used for modeling, trend projection, 

resource inventory, water quality management, and environmental impact 

assessment. The type of data recorded as points (i.e., sampling sites) 

would tend to limit the applications as well. The grid systems are reported 

to be used most for resource inventory, modeling, thematic mapping, and the 

maintenance of an environmental data bank, but nearly all applications are 

reported. The types of analysis are also quite diverse, and development 

constraints, optimum location, and capacity have the highest frequency of 

response. Many more analysis applications are reported for this type of 

information retrieval system than any other. Only one variable boundary 

and GBF/DIME system are reported, thus providing a poor example for analysis 

and comparison. The combined information retrieval systems add the line 

mode to the other data formats and thus report base mapping in addition to 
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the other types of applications previously indicated. Resource inventory 

and site selection are also favored applications. Modeling, thematic map-

ping, maintenance of mutii-resource data banks, and resource management 

applications are less pronounced than for the grid systems. Surprisingly, 

few derived analysis applications are reported for these types of systems. 

The integrated map overlay type system is reported to perform the 

greatest range of applications and the greatest range and frequency of 

derived analyses. Image production and other output mapping subsystems 

enable the integrated map overlay systems to be used for base mapping. 

The overlay capability facilitates land suitability analysis, site selection, 

land use allocation, and strategic resdurce planning and management without 

losing the capability for modeling and thematic mapping common in the in-

formation retrieval systems. Every form of analysis is reported. Optimum 

location, availability, and derivation of development constraints are the 

types of analysis most frequently reported for these types of systems. 

Only one integrated general purpose system is described. It performs 

many and varying applications and types of analysis, none of which are 

unique to this type of system. 

Base mapping may be performed by any system with graphic line reproduc-

tion capability. This is true of the image production systems, the variable 

boundary, and combined map overlay systems. Resource inventory applications 

are performed by each system except GBF/DIME and information retrieval-

variable boundary, where the storage of contiguous area data is difficult 

and requires much generalization. Modeling and trend projection requires 

analytical capability and the ability to maintain fixed geographic encoding 

units. The point, grid, map overlay, and combined systems are most ap-

propriate and most frequently reported for modeling. Land suitability 

analysis, critical area planning, site selection, and land use allocation 

are most frequently performed by integrated systems. Land suitability 

analysis is performed by integrated and combined systems, site and route 

selection is performed by grid and combined information retrieval systems 

and integrated-map overlay systems. Air quality and water quality manage-

ment are favored in point and grid information retrieval systems. Timber, 

wildlife, and agricultural management are reported to be equally well served 

by data base maintenance anµ the more sophisticated in~egrated systems. 
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The other types of applications are either not well enough documented, 

or are too frequently performed by various types of systems to be herein 

highlighted. 

Proximity, statistics, optimum location, quality, and availability 

are the most often reported analyses performed with integrated systems. 

Information retrieval systems, specifically the combined systems and grid 

systems, are most often cited as performing capacity, change, development 

·constraints, and accessibility analysis. This author believes these 

findings are more the result of the functions.performed by the agencies 

than the limitations of the systems. Most integrated and information re-

trieval systems should be capable of\performing derived analysis. 

The more sophisticated the system, the wider is the range of potential 

applications and the greater is the frequency of derived analysis. Systems 

built rigidly around one application or type of application are the least 

flexible to perform other functions. The map overlay capability is seen 

as the tool which allows the greatest range of applications and types of 

analysis. Image production systems may produce graphic output which may 

assist in data analysis and facilitate the users' applications, but is not 

as important as the ability to perform logical operations on the data. 

This observation is also true of the data base maintenance systems. 

Data Processing Capability. Table 3-10 reports the proportion of the 

different types of systems actually performing the recorded data handling 

operations. The digital terrain model and GBF/DIME type systems have the 

least associated software for performing data manipulations. The map over-

lay, combined information retrieval systems, and image production-output 

mapping systems have the greatest distribution and frequency of associated 

software. Map overlay, image production, and 'other' systems report the 

greatest amount of editing software. Image production, variable boundary, 

map overlay, and 'other' systems report the greatest amount of spatial 

data rectification software. Measurement is found to be used most ex-

tensively in the map overlay systems, and with less though still significant 

frequency in image production, variable boundary, combined, general purpose, 

and 'other' systems. Sorting and merging software is important in data 

base maintenance systems, though selective retrieval is by far the most 

highly used capability. Selective retrieval is also important in image 
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Table 3-10 

Comparison of, the Data Handling Software Reported for Each Type of System 
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Information Retrieval • ... • • • • • • .. ... • ... • ... 1 System - Point (6) 

Information Retrieval 
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Information Retrieval (2) • • • • • • • • • • • • • • • • • • System - Variable Boundary 0 

Information Retrieval (2) • • • • System - GBF/DIME 0 
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production, point, grid, variable boundary, and combined information re-

trieval systems, and in map overlay, general purpose, and 'other' type 

systems. Comparison software is most noted in combined, map overlay, 

general purpose, and 'other' type systems. Graphic output is found to be 

an important element of the image production, combined, map overlay, and 

'other' type systems. Digital relief analysis can be performed with fixed 

grid, combined, map overlay, general purpose, and digital terrain models. 

Landsat data analysis is performed on special systems in the 'other' cate-

.gory, and on one general purpose integrated system. 

As expected, the data base maintenance system's highest reported 

capability is the selective retrieval\of data. The other capabilities 

which are reported are not expected, which leads this author to believe 

that one system was misclassified, or that other operations are performed 

manually upon the data once they are retrieved from the system. 

The image production-output mapping systems perform the requisite 

editing, spatial rectification, and graphic output operations necessary 

to produce line maps, but in addition include measurement and logical over-

lay capability. This implies very versatile performance capabilities for 

this type of system. It is noted, however, that these systems are limited 

in their ability to perform more sophisticated comparisons such as sta-

tistical analysis and modeling, and are also restricted because the data 

are encoded in line mode and location identifier conversion, while possible, 

is not operational on most systems. 

Point encoded information retrieval systems are limited to the portrayal 

of data as points. Selective retrieval is easily performed, but overlay and 

other coverage-related analysis techniques are absent. Editing is limited 

to the descriptor records. Statistical analysis is possible and graphic 

display may also be performed. Spatial data rectification and measurement 

are not perceived to be important due to the nature of point records. 

Neither digital relief nor Landsat analysis are performed. 

Fixed grid information retrieval systems have data representative of 

area coverages. The nature of the grid allows overlay, modeling, statistical 

analysis, and value weighting to be easily performed. Editing is also 

limited to descriptor data, as the grid is fixed and does not require co-

ordinate digitizing. The types of spatial data rectification are also 
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influenced by the fixed nature of the area encoding unit. Alignment modi-

fication and scale change are not required by most systems, but coordinate 

conversion and location identifier conversion are used often. Sorting and 

merging are operational on some systems, probably being influenced by the 

nature of the source data. Versatile graphic output is not prevalent, 

probably due to the reliance for graphic display on line printers. Digital 

relief analysis is reported frequently, but is limited to the storage of 

previously calculated elevation or slope values. Landsat data analysis is 

not performed. 

The interpretation of the significance of the information for the 

variable boundary system is biased by the limited population and the fact 
\ 

that one of the systems is still in the development stages. Capabilities 

are found in each of the major software categories, but they are not con-

sistently reported. Spatial data rectification, measurement, and sorting 

and merging software are the most consistently reported, and comparison 

-is the least consistently reported probably due to the emphasis of these 

systems upon data aggregation rather than sophisticated analysis. Graphic 

output is not reported to be an integral part of these systems. Digital 

relief and Landsat data analysis is not performed. 

GBF/DIME systems are not reported to have very sophisticated or diverse 

software. No editing, spatial rectification, or graphic output capabilities 

are reported. The only type of measurement reported is linear, and the 

only type of comparison reported is union type overlay. Selective re-

trieval of geographic and descriptor data is reported. GBF/DIME type 

systems could have many other capabilities, but the limited sample does 

not demonstrate this. In both case~ the applications performed by the 

systems reported in this category are specialized, thus mitigating the 

wider use of the systems' potential capabilities. 

The combined information retrieval systems incorpo~ate the attributes 

of the encoding formats which are combined. Most often, the combination 

results from the incorporation of line with point, grid, or variable 

boundary type analysis, thus enhancing graphic line reproductions and true 

boundary display. Capabilities are found in each software group, and the 

frequency of use is relatively high in most groups. Sorting and merging 

software are most prevalent. The concentratiou of software is nearly 

evenly distributed among the other groups. Editing, measurement, comparison, 
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and graphic output software are more prevalent in this type of system than 

the norm. 

Integrated map overlay systems contain the greatest variety and highest 

concentrations of software. Each class is above the norm. These systems 

are the most versatile and sophisticated systems surveyed. Their versa-

tility also makes editing, spatial rectification, and sorting and merging 

capabilities more important. The overlay capability is implicit, but the 

complexity of the spatial data structures also makes modeling and statistical 

analysis more difficult and therefore less frequently reported. Each type 

of graphic output software is reported more frequently than the norm, in-

dicating that versatile output is pe~~eived to be important to convey the 

results of data analysis and manipulation. Polygon systems predominate, 

thus the requirement for correction of closure and slivers and the low 

response to location identifier conversion. Digital relief analysis is 

performed much less frequently in these systems than in grid systems, though 

the capability exists. There is no Landsat data analysis reported. 

Only one integrated-general purpose system is reported. Software is 

contained from each group, but there are many capabilities not reported. 

Sorting and merging and comparison are the most frequently reported classes 

of software. Digital relief and Landsat data analysis also are performed 

by these systems. 

The digital terrain model represents a unique application and there-

fore the software which is reported is also unique. Identification and 

correction of slivers, removing map distortion, scale change, modeling, 

statistical analysis, extreme value search, shading, and digital relief 

analysis are the operations which are reported. Others might be expected, 

but the singular response biases a more definitive observation. 

The systems in the 'other' category encompass all of the data handling 

capabilities which are reported. As expected, different systems incorporate 

different types of software to meet their unique purposes. Due to the 

diverse nature of this group of systems, no definitive observations are 

reported. 

The types of systems exhibiting the greatest diversi'ty of applications 

consistently report the greatest diversity of software. Data storage and 

retrieval is the most basic function of all systems. Other types of data 
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handling operations are performed to support the collective and individual 

functions of the reporting agencies. The sophistication of the operating 

systems are determined by the range of operations implied by the software. 

Comparison of the Federal and NonfederaZ Systems 
The segregation of federal and nonf ederal systems compares some of 

the operating characteristics of the systems, the data processing software, 

and selected data and geographical referencing characteristics. These 

characterize differences between data suppliers (the federal systems), and 

data users (the nonfederal systems). Prospects of spatial data integration 

also are explored. 

The federal systems are normally 'designed around large data bases of 

primary data. SQrne include application programs to assist the data users 

while others are designed simply for data storage and retrieval. The 

federal system users are also a more satisfied group than the nonfederal 

system users, reporting far fewer desired characteristics. Nonfederal 

systems are usually designed around broader purpose data use objectives of 

the users, and are therefore more versatile in their data use and data 

manipulation capabilities. Data from many sources are usually integrated 

into the system's data base, and data manipulation, analysis, and variable 

output is common. These differences are illustrated in Table 3-11. Note 

the lower percentage of federal respondents reporting desire for capabilities 

not presently operating, and the lesser frequencies of response for spatial 

data rectification and image data manipulation. 

Significant differences are also observed in the characteristics of 

the data maintained in the data bases of the federal system and those used 

by other data users. Digital mapping and digital storage of spatial data 

are now common occurrences in most federal resource management systems. 

The agencies which do not have computer-assisted spatial data handling 

capability are in the process of developing it. The cartographic and other 

georeferenced data bases associated with these attempts to more effectively 

handle data are useful to planners and resource managers. Hydrology, 

topography, natural resource occurrence and description, air quality, 

geology, soils, and land use are used routinely at the federal, state, 

corporate and municipal levels. In order to avoid costly duplication, 

these data should be compatible between systems. A comparison between 
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Table 3-11 

Comparison of Spatial Data Handling Software 

Between Federal and Nonfederal Systems 

Federal Nonf ederal 
Operating Desired Operating Desired 

EDITING 

Identify Closure 
Identify Slivers 

SPATIAL RECTIFICATION 

31 
08 

Rubber Sheeting 23 
Scale Change 50 

Projection Change 30 

Coordinate Conversion 35 

Polygon to Grid Conversion 19 
MEASUREMENT 

Linear 23 

Area 30 
Direction 04 

IMAGE DATA MANIPULATION 

Edge Matching 
Overlay (Union) 
Overlay (Intersection) 
Statistical Analysis 

GRAPHIC OUTPUT 
Diagram Display 
Lettering 
Shading 
3-D Display 

19 
38 

19 

31 

15 

46 
23 
15 

\ 

Tabulation is percent of those responding. 
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04 
04 

04 
08 
15 

19 
04 

08 
08 
04 

15 

15 

15 

12 

04 
04 
04 
04 

38 
33 

42 

50 

39 
63 
25 

50 

63 
25 

54 
63 
54 
33 

46 

54 
17 

04 

08 
13 

08 

17 
08 

17 
25 

17 

25 
29 

25 
21 
25 
25 

13 

13 

25 

13 
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federal digital data bases and the data used by nonf ederal computerized 

data users shows some interesting results. These are illustrated in 

Table 3-12. For example, eighty-three percent (83%) of the sample of non-

federal respondents collect data from published surveys and maps, compared 

to only thirty-five percent (35%) of the federal. Conversely, twenty-

three percent (23%) of the federal systems collect data from field 

monitoring stations compared to only eight percent (8%) of the nonf ederal 

systems. Conventional aerial photography is a data source for forty-one 

percent (41%) of the nonfederal systems, but for only nineteen percent 

(19%) of the federal systems. These differences also affect other data 

characteristics. \ 

The scale of the data is obviously influenced by the size of coverage. 

Fifty-four percent (54%) of the nonf ederal systems encode data at scales 

of 1:24,000 or larger. Only nineteen percent (19%) of the federal data 

bases are encoded at these scales, and the majority encode data within the 

1:100,000 to 1:500,000 range. Similar differences are noted in the form 

of the location identifier, the map projection, the coordinate reference, 

and the form of output. 

It is not implied by this evaluation that all federal data bases should 

be reformatted, but this does hi~hlight the need for close inspection of the 

characteristics of the data before use by other data users, the need for 

more versatile data products, and the utility of spatial data rectification 

software. 
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Evaluation 
Variable 

Data Source 
Federal 
Nonfederal 

Scale 
--rederal 

Nonfederal 

Location 
-.J Identifier 
N 

Federal 
Nonfederal 

MaE Projection 
Federal 
Nonf ederal 

Coordinate 
Reference 

Federal 
Nonf ederal 

TI:Ee of OutEut 
Federal 
Nonf ederal 

Table .3-12 
Comparison Between Selected Characteristics of 

Federal and Nonfederal Spatial Data Bases 

Predominant Characteristic 

Field monitor 
Published surveys and maps 

1:62,000-1:1,000,000 
1:24,000 or larger 

Coordinate Point 
Irregular Polygon 

Transverse Mercator 
Polyconic 

Latitude/Longitude 
State Plane Coordinate 

Computer tape 
Printed maps 

Other Significant Observations 

Field surveys, published surveys and maps 
Conventional aerial photography, pre-encoded data 

Grid, External Index 
Coordinate Point, grid 

Lambert Conformal Conic 
Lambert Conformal Conic 

// 

UTM, State Plane Coordinate 
Latitude/Longitude, UTM 

Tabular, printed maps 

Computer tape, tabular, chart, interactive 
disvl_ay 



Chapter IV. OTHER RESEARCH FINDINGS 

Not all the research questions could be answered by profiling the 

system and user characteristics. Other questions required additional 

interpretation of the data from the survey. These miscellaneous questions 

are addressed individually in this chapter. In order, these are: inter-

relationships of data characteristics, digital data coverageJ differences 

between operating and desired characteristics, documentation of system 

design and data, transferable software, and factors limiting further de-

velopment and use of geoprocessing systems. 

INTERRELATIONSHIPS OF DA~\\ CHARACTERISTICS 

The choice of certain data decision variables will influence other 

data characteristics. Many interrelationships are obvious, others may 

be deductively reasoned or observed from the previous profile. A test 

was made on the sample to determine the validity of some of these as-

sumptions about data interdependencies. 
The CROSSTABS option may record any 'n' dimensional joint frequency 

distribution of the sample. Many of the data characteristics are cross-

tabulated in this way. The result, for the total sample, is the frequency 

for which any two variables of any selected data characteristic are 
mutually recorded. For example, how many times is a particular scale or 

area of coverage, or how many times are grid or polygon location identi-

fiers found in common with different data types? Though not statistically 

validated., it is believed that this type of empirical analysis of the 

responses for operating information systems may illustrate interrelationships. 

Only particular relationships of greatest interest are tested in this 

x~·,- manner. Each is selected to be illustrative of interrelationships believed 

.most likely to occur. The results of the evaluation are noted below. Each 

; . relationship sought is identified, and for each the results are reported. 

The primary result is the observation of whether significant interrelation-

ships appear to exist. The specific interrelationships·which are observed 
1 are reported, and in some cases comments are noted. 

,. , 1The numerical results of the cross--tabulations are recorded on a series 
of computer printouts and summary tables in the possession of this author. 
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CROSS TAB VERIFICATION 
1. Data Type and No 

Location 
Iderid.'fier 

2. Data Type and 
Data Source 

3. Precision and 
Data Source 

4. Resolution and 
Data Source 

Yes 

Partial 

No 

5. Resolution and Yes 
Size of Coverage 

6. Data Source and No 
Size of Coverage 

7. Location 
Identifier 
and Size of 
Coverage 

8. Coordinate 
Reference 
and Size of 
Coverage 

Yes 

Partial 

COMMENTS 
Every type ,of data is stored in point, 
grid and polygon form in at least one 
system. While some similarities between 
the format of the source data and the 
encoding format exist~ the in-nature 
data format is not considered to be a 
limiting factor in system design. 
Some data types are acquired for encod-
ing from only one or two sources, and 
each has a dominant data source. There 
is, of course, a distinction between the 
storage format of primary and secondary 
d,ata. All types of data may be obtained 
t"rom published surveys and maps if re-
corded on this medium. 
Remote sensed data definitely exhibit-· 
less precision than data from other data 
sources. Any other observations are 
masked by the small sample. 

The expected resolution of the data 
sources is not reflected in the reported 
resolution of the data stored in the 
system. 

Though a direct linear relationship is 
not exhibited, the larger coverages 
have coarser resolutions, and the smaller 
coverages have finer resolutions. 
Each data source is reported for coverages 
in each of the reported size ranges. 
While the remote sensed data predominate 
for larger coverages, they are not seen 
to replace field methods for larger areas, 
nor are field monitors excluded from small 
coverages. 

Coordinate point, grid and external index 
predominate for larger areas. Irregular 
polygon is more predominant for smaller 
coverages. Many irregularities do exist, 
especially in the use of grids for small 
coverages. 
Latitude and longitude definitely pre-
dominate for large area coverages.. UTM 
coordinates alas predominate for large 
coverages. State plane coordinates are 
common to all coverages. P4blic rec-
tangular survey, which.would not be 
expected for larger coverages, is reported. 
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CROSS TAB VERIFICATION 
9. Precision and No 

Size of Cover-
age 

10. Map Projection Partia1 
and Size of 
Coverage 

11. Scale and Yes 
Resolution 

12. Scale and Size Yes 
of Coverage 

13. Scale and Yes 
Precision 

14. Location Partial 
Identifier 
and Precision 

15. Location No 
Identifier 
and Resolutions 

16. Map Projection Partial 
and State of 
Residence 

17. Coordinate Yes 
Reference and 
State of 
Residence 

COMMENTS 
The small sample may mislead the analysis, 
but precision increases with size of 
coverage, whicb contradicts logical 
expectation. 

The three projections chosen are repre-
sentative of regional and smaller 
coverage~, but are also tied to commonly 
used base maps and coordinate references. 
Though the choice among the three is not 
related to size of coverage, the cboice 
of tbese three, from the total, is ap-
propriate and expected. 

The'-finer resolutions definitely corre-
late with the larger scales and the 
coarser resolutions with smaller scales. 
Though there is some discrepancy and 
overlap in the middle ranges, the larger 
scales are definitely correlated with 
smaller areas, and the larger areas corre-
lated with smaller scales. 
Larger scales are correlated with higher 
precision, but the lack of reported 
responses for the larger scales precludes 
assessment of the correlation at various 
scale ranges. 
Coordinate point, as expected, exhibits 
the', highest precision, but grid and 
polygon identifiers also are reported 
with high precision. Again, the limited 
sample size precludes any further 
evaluation. 
The selection of location identifier does 
not appear to be influenced by resolution 
or vice versa. Coordinate point location 
identifiers span the resolution range from 
very fine to coarse as do grid and polygon. 
Lambert projections are most common in 
Washington and Oregon, and variable pro-
jection systems are most connnon nationally, 
but no patterns seem to exist for the 
transverse mercator and polyconic projec-
tions. 

Latitude and longitude is most highly noted 
for national and bi-state coverages. State 
plane coordinates are noted for coverages 
in Oregon and Washington. Some variations 
exist, but the patterns are as expected. 
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DIGITAL DATA COVERAGE 
A section of the questionnaire is devoted to a description of digital 

data coverage. Each respondent was asked to document the location of 

coverage, the types of data recorded and various descriptive attributes of 

the data such as location identifier~ scale~ coordinate reference, and 

precision. These individual pages of the questionnaire together provide 

a preliminary directory of computerized geocoded data coverage for the 
. 2 region. 

Though many systems which store or supply data are surveyed, the 

actual extent of digital data coverage is sparse and is further limited 

because the systems each have differ~ht types; formats~ and scales of data, 

and many systems maintain data only to satisfy their own program needs. A 

regional description of digital data coverage suitable for making data 

transfer decisions would therefore necessitate the creation of a directory 

withi.1.at least the detail of the original questionnaire; a task not to be 

undertaken in this report. 

The characteristics and coverages of the data which are stored, proc-

essed and utilized in the surveyed systems are as diverse as the systems 

themselves. This section therefore provides a very general description of 

the types, characteristics and coverages of the data from representative 

systems, focuses upon a few programs of more than local significance, and 

provides some general observations about the status of digital data coverage 

in the region. 

Table 4-1 summarizes the data coverages of the systems which maintain 

geographically specific data bases and which also contain some form of 

environmental data. 3 Some of the more illustrative data descriptors are 

2The data directory page from thequestionnaires and a descriptive 
summary of the characteristics of each of the systems which are surveyed 
were provided to NASA and are available from the Technology Applications 
Branch of the NASA-Ames Research Center, Moffett Field, California. Copies 
are also in the possession of the author. 

3The table is not meant to replace a thorough directory. It is ex-
emplary only. The necessary data base descriptors are not reported. There 
is therefore no inference which can be made of compatibility or transfer-
ability between individual systems. All of the systems which are surveyed 
are not described, and the descriptions are not verified by the respondents. 

76 



'/ 

Washington 

Table 4-1 

Summary of Digital Environmental Data Coverage 
in the Pacific Northwest States 

COVERAGE DATA TYPES 
LOCATION 
IDENTIFIERS 

OUTPUT 
SCALE 

COORDINATE 
REFERENCE 

Washington Department Coastal area1 
of Ecology Geology, mineral resources, land Polygon 

cover, vegetation, wildlife, 1:24,000 UTM Coordinates 
land use, slope stability, 
flooding potential 

Washington Department Agency managed Geology, topography, soil type, 
of Natura 1 Resources 1 ands land cover, timber resources, 

land use, ownership 
Point repre-
senting 10 
acre grid 

1:48,000 State Plane 
Coordinates and 
U.S. Rectangular 
Survey 

Puget Sound Council 
of Governments 

Snohomish County 
Planning Department 

City of Tacoma 
Planning Department 

Weyerhaeuser 
Corporation 

Bureau of Indian 
Affairs 

and 
Colville Confeder-
ated Tribes 

Oregon 
Oregon Forestry 
Department 

Oregon Department 
of Revenue 

Mi d-Wi 11 amette 
Valley Council of 
Governments 

Lane County Council 
of Governments 

Federal Bureau of 
Land Management 

Idaho 
Idaho Department of 
Water Resources 

Federal, state Soils, ownership 
and private forest Line 1:12,000- State Plane 

1:24,000 Coordinates lands 1 

Total state Land survey network Point and 
line 

Variable State Plane 
Coordinates 

Five county 
region 

Portion of five 
county regi on2 

Snohomish County 

City of Tacoma 

Company owned 
lands 

Colville Indian 
Reservation 1 

Department 
managed lands 2 

Individuil 
counties 

Three county 
region 

Metropolitan areas 
of Lane County 

Siuslaw Forest 
Unit 2 
(Lane County) 

Southerr Idahol 

Transportation, land use, land 
cover, soils, topography 

Soils 

5.74 acre 
grid 

Polygon 

Variable 

Variable 

Arbitrary 'x,y' 

State Plane 
Coordinates 

Land use, land cover, zoning, 
surficial geology, slope, 
pollution sources, hydrologic 
character, watershed boundaries, 
flooding, soils 

2~-40 acre Variable Arbitrary 'x,y' 
grid 

Wide variety of urban and 
environmental data, including: 
census, transportation, land 
use, land cover, zoning, topo-
graphy, utilities, landscape 
features, vegetation, watershed 
boundaries, water resources, 
landmarks, air qua l i ty 

Point, grid, Variable State Plane 
polygon, Coordinates 
streets and 
addresses, 
census tracts 

Soil, land cover, timber 
resources, ownership Polygon Variable\ State Plane 

Coordinates 
Geology, soil, land cover, 
timber resources, land use, sur-
face hydrology, groundwater 
hydrology, ownership 

Polygon Variable Not Reported 

Tinber resources, land use, Polygon 
land ownership, soils management 

Land use, zoning, legal property Line 
boundaries, transportation, 
major facilities, ownership, 
surface hydrology 

Topopgraphy, soils, land cover 10 and 40 
acre grid 

Soil, utilities, administrative 
boundaries, land use, trans-
portation 

Topography, vegetation, surface 
hydrology, soil, timber 
resources, land cover 

Land cover 
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Line, point 

Polygon 

5 kilometer 
grid 

1:24,000- State Plane 
1:60,000 Coordinate 

Variable State Plane 
Coordinates and 
U.S. Rectangular 
Survey 

1:24,000 , Arbitrary 'x,y' 

Variable 

Variable 

Variable 

State Plane 
Coordinate 

UTM Coordinates 

UTM Coordinates 



Table 4-1--continued 

AGENCY 

Idaho -- continued 
USDA Agricultural 
Research Service 

Regional 
Battelle Northwest 
Laboratories 

Bonneville Power 
Administratfon 

U.S. Army Corps 
of Engineers 

USDA Forest Service 
Reg1on'6 

USGS. i:opo graphic 
Division 

Mapping Programs 
U.S. Geological 
Survey 

U.S. Geological 
Survey 

U.S. Geological 
Survey 

U.S. Department 
of Agriculture 

U.S. Geological 
Survey 

U.S. Geological 
Survey 

LOCATION OUTPUT 
COVERAGE DATA TYPES IDENTIFIERS SCALE 

Small watershed Geology, contour, vegetation, Grid Not 
in Southern Idaho surface hydrology, soil, rain- Reported 

fall, land cover 

All three statesl Land use, land cover, topograJ;lb)'.... Point, Variable 
geology, surficial hydrology, Polygon 
groundwater hydrology, water 
resources 

8,000 sq. miles Land use, land cover, zoning, Grid, 1 min. Variable 
in Southwestern topography, land resources, latitude by 
Washington and landscape features, vegetation, . 1 min. longi-
Northern Idaho habitat, surface hy~rology, soil, tu de 

unique and sensitive areas, agri-
cultural resources 

All three states Hydrological conditions, water Point Variable 
quality, rainfall, wind, 
temperature, solar radiation 

National Forests Soil, land cover, vegetation, Polygon 1:15,840 
in Oregon and wildlife, timber resources, 
Washington land use, ownershipl 

State of Idaho Boundaries, land survey network, Line 1:500,000 
surface hydrology, ownership, 
transportation 

Northern Washing- Topography Line 1:80,000 
ton, Western 
Oregon, Central 
Idaho 

West Central Topography Line 1:24,000 
Idaho and 
Southern Oregon 

FEDERAL DATA BASES AND MAPPING PROGRAMS 

DIVISION/SYSTEM 

Topographic Division 
(Digital Mapping 
Program) 

EROS Data Center 
(Landsat Program) 

Geography Program 
(Geographic Infonna-
tion Retrieval and 
Analysis System) 

Soil Conservation 
Service 
(Advanced Mapping 
System) 

Mineral Resources 
(Computerized Resource 
Information Bank) 

Geologic Division 
(Rock Analysis 
Storage System) 

DATA TYPE 

Digitization of quad maps 

Spectral imagery which may be 
selectively classified to 
record many types of land 
cover and resource information 

Land use/land cover, federal 
land ownership, river basins 
and sub-basins, political 
subdivisions, census tracts 

Soil type and topography 

Mineral resources location 
and production 

Results of analysis of 
geologic samples 
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COVERAGE 

Scattered throughout 
the nation, may con-
tract for selected 
coverage 

International 

Scattered throughout 
the nation, may con-
tract for selected 
coverage 

Scattered throughout 
the nation, program 
is very new 

National at site of 
occurrence 

National at site of 
occurrence 

COORDINATE 
REFERENCE 

Latitude and 
longitude, U.S. 
Rectangular Survey 

Latitude and 
longitude 

Latitude and 
longitude 

Latitude and 
longitude 

Arbitrary 'x,y' 

Latitude and 
longitude 

State Plane 
Coordinates, 
UTM Coordinates 

UTM Coordinates 

LOCATION 
IDENTIFIER 

Line 

57 meter by 79 
meter grid 

Line, Polygon 

Line, Polygon 

Point 

Point 



Table 4-l--continued 

DIVISION/SYSTEM 

Mapping Programs -- Continued 
U.S. Geological Geologic Division 
Survey (Petroleum Data System, 

well history control 
system) 

U.S. Geological 
Survey 

U.S. Environmental 
Protection Agency 

U.S. Environmental 
Protection Agency 

1Not complete 

2Not maintained 

Geologic Division 
(WATSTORE) 

(STORET) 

(SAROAD) 

DATA TYPE 

Oil and gas well locations 
and descriptions 

Surface and groundwater 
hydrology - quality and 
quantity at sampling 
locations 

Over 200 water quality para-
meters at sampling sites 

" 
Air quality ~arameters at 
sampling sites 

3Not in digital fonn, but supported by digitizing equipment 
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COVERAGE 

National at site of 
occurrence 

National 

National 

National 

LOCATION 
IDENTIFIER 

Point 

Point 

Point 

Point 



noted for each data .base described. It can be readily seen from the table 

that_, while there is considerable digi_tal .data .haridling activity in .the 

region, tbe coverages are separated_, .the data scales and formats are dis-

similar~ and the large area coverages are generally of data ·types or at 

scales wbich are inappropriate for most applications. Nevertheless, tbe 
variety of the data is itse·lf a significant observation because it demon-

strates that agencies have many data encoding options. Soi1s information 

is the most predominant type of land resource data recorded. Land use and 

land cover are also very common coverages. There are more systems which 

record slope or elevation as individual records, th~n record elevation 

contours as lines. There are elevef separate systems which store multiple 

environmental data coverages (i.e., multiresource data systems) and four 

which store many integrated types of urban data. 

A program which also promises to provide considerable additiorial data 
4 to users is the Landsat program. Satellite-acquired remote sensing data 

may be classified to accomplish many types of resource analysis applica~ 

tions and to produce many useful data products. Modes of application bave 

been identified by Westerlund as follows (IV. Westerlund_, 1977): 
1. Synoptic Overview -- obtaining an orientation to and familiar-

ization with the spatial and environmental context of the study 
area. 

2. Reconnaissance -- narrowing the geographic area of inspection 
based upon selective elimination of improbable alternatives_, 
i.e., for the purpose of narrowing the scale of inspection. 

3. Base Map Preparation and Improvement -- small scale base map-
ping, map verification and frequent updating. 

4. Discrete Feature and Thematic Data Extraction -- classifict-
tion, interpretation_, or processing of imagery which results 
in recorded information about particular land use/land cover 
features or related phenomena, i.e., areas of vegetation 
disease, high water table, snow fields_, or clear cuts. 

5. Area-Continuous Classification -- classifying an entire area 
of coverage into systematic meaningful, and area-exclusive 
units (e.g., land use, soil type_, vegetation type). 

4An excellent overview of the applications in the Paci_fic Northwest 
is contained in the article_, "Landsat - Pacific Nortbwest .Using Satellite 
Data for Planning and Resource Management," Practicing Flanner~ December 
1976~ Furtber inquiry can be directed to the Tecbnolcigy App1ications Branch 
of the NASA-Ames Research Center, Moffett Field_, California. 
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6. Change Detection -- frequent and systematic monitoring of 
change in the desired phenomena of coverage. 

7. Public Communication -- use of various small scale, graphic 
output products to demonstrate feature_s, trends_, or spatial 
relationships for public presentation. 

Worldwide coverage is repeated every nine days_, so there is a constant 

source of unclassified imagery available for interpretation .and analysis. 
The actual classification requires sophisticated data processing software 
and hardware, but the techniques can be performed by nontechnical users. 
Since 1974, there has been a program to demonstrate the application of 
Landsat data to data users in the region. Many different types of analysis 
have been performed, and some agencies~\are actively seeking new and longer-
term applications. The Pacific Northwest Regional Commission, the princi-
pal sponsor of the demonstration_s, with technical assistance from NASA, 
is seeking operational Landsat data interpretation capability for the 
region. Steps have been taken to transfer the technology to each state, 
and users are being solicited. 

The imagery in unclassified digital form is available for the whole 

region for any day which the satellite passed over (barring cloud cover). 
Thus there is potential data coverage for any local area for any phenomenon 
which is desired, and limited only by the technical abilities of the person 
doing the classification and the resolution and precision requirements of 
the users. Opportunity and costs may presently restrict greater applica-
tions, but the potential is not thereby diminished. A potentially more 
useful and readily available digital data source is the classified data 
which at its finest resolution is a 57 by 79 meter grid termed a ~pix~l.t 

Figure 4-1 identifies the areas for which Landsat data have been classified 
in the various demonstration projects previously mentioned. It provides 
an exemplary summary of the coverage, but should not be considered to imply 
availability or transferability. 

UNSATISFIED DATA AND DATA HANDLING NEEDS 
Three sections of the questionnaire provided the respondents the 

opportunity to note desired characteristics along with prese~tly operating 
characteristics~ The three sections are data handling software, data needs 
and system applications. Appendix 5 contains the numerical summary of the 
questionnaire responses. Many of tbe entries on these tables contain d-na1 
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numbers corresponding to: 1) the number of individual respondents which 

identified present characteristics, and 2) :tlle total nmnber of responses 
of whicb need is implied. The difference in .the numbers is tbe number of 
respondents in each category with unsatisfied need for the specific charac-
teristic. Both the relative percentage of unsatisfied need as a function 

of the total need identified, and the total mnnber of agencies indicating 
unsatisfied need, are relevant to this discussion. The numerical summary 
of the comparisons based upon the basic responsibilities of the respondents 

imply unmet needs~ but also imply to a lesser degree limitations in the 
capabilities of the systems. It is noted, however, that these figures 
should not be interpreted to be def init"i.ve statements of unsatisfied 
demand and system limitations, since the questions on the questionnaire 
from which these figures originate were not designed to specifically 
address these issues. For this reason, only the most gene~al trends are 
herein noted, and the writer is cautious to avoid overstatement of .the 

implications of these numbers. Nevertheless, the reader is directed to 
the tables for independent analysis of the frequencies for which.unmet 
needs are identified for the different types of systems, and by the basic 

responsibilities of the respondents. 
An overall evaluation of the response indicates thatthere is not a 

great discrepancy between actual and desired characteristics. The majority 
of the survey population report few unmet needs. There are very few ap-
plications, data handling capabilities, or data types for which there are 
double the number of respondents reporting desirability than the number 
reporting actual use. Similarly, there are very few applications, data 
handling capabilities, or data types for which all respondents indicating 
preference have already included the characteristics into their systems 1 

operation. There are no cases where a respondent indicated that a charac-
teristic which is present is not desired. 

The unsatisfied system application_s, data handling software needs and 
data needs of the survey population are highlighted below. 
Types of Applications 

The types of applications for which there is .the greatest discrepancy 

between preference and operation are: maintenance of an urban data bank, 
land use allocation, route selection, and wildlife management. Wildlife 
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management and the maintenance of an urban data bank are proba,bly limited 

by data availability. Route se1ection and land use allocation are most 

probably limited by appropriate analytical procedures and ·software. The 

least discrepancy between desired .and operating .cbaracteristics are noted 

for the resource management applications and for thematic mapping. The 

planning agencies appear to have the most number of unmet needs. 

The respondents with metropolitan planning responsibility report the 

greatest number of unmet needs in the analytical categories such as model-

ing'.j trend projection, land suitability analysis, site selection, and land 

use allocation'.j and also report unmet needs for both urban and resource 

data inventory. The respondents wit~ regional planning responsibility 

report fewer needs in the data analysis areas, but more need in the areas 

of resource management. It is difficult to determine whether these re-

strictions are due to the lack of available data, lack of mandate, lack 

of technical expertise or limitations in data processing and analysis 

capability. 

The respondents with land management and resource management responsi-

bility report virtually no unmet needs. This may be due to the data and 

application-specific nature of these systems, but the variation between 

these and the planning responses is striking. The respondents in the 

other categories each report selective unmet needs unique to their areas 

of concern, but none with any noticeable regularity or pattern of response. 

The types of systems for which the greatest frequency of unmet needs 

are reported are the information retrieval - combined, the information 

retrieval - fixed grid, and the output mapping - image production. The 

responses from the integrated - map overlay, the data base maintenance, 

and the integrated - general purpose systems do not report any desired 

applications which are not being performed by at least one respondent. 

The general pattern of response confirms the versatility of the integrated 

systems and the lack of flexibility of the GBF}DIME and the fixed grid 
systems. 

Data Handling Sof-tware 
There are no groups of software or individ~al .data .handling capabili-

ties for which major discrepancy exists between desired and operating 

cbaracteristic.s:J and there are none for which every respondent indicating 

preference has the capability operating for the ·system., There are four 
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capabilities which are operational for less than half of the population 
indicating desire. These are: Landsat analysis~ three-dimensional dis-
play, value weighting, and direction determination. The capabilities for 
which there are the greatest absolute numbers of respondents indicating 
umnet software needs are shading, overlay, projection change, centroid de-
termination, edge matching, and statistical analysis. None of the above 
are restricted to particular types of systems, and only Landsat analysis 
requires special hardware. It can thus be assumed that appropriate program-

ming could overcome these limitations. The types of software.for which 

there are fewest occurrences of unmet need are the system-specific types 
and include identifying closure, modifi:~ation of alignment, diagram and 
chart display, lettering, and the general application software such as 
selective retrieval of geographic and descriptor data. 

The special area planning, resource planning and management, mapping, 
and environmental protection respondents report the greatest discrepancy 
between desire and operation. The land management and the planning re-
spondents report the least discrepancy. The more specific interpretations 
for each group can be gained from examining the tables. 

Table A-6 records the desired and operating software reported by each 

respondent for each type of geoprocessing system. Again, the actual frequen-
cy of operating capabilities provides a better indication of a particular 
type of system capability to perform the operations than the numerical dif-
ference between the number of desired and operating capabilities which is 
the topic of this section. Nevertheless some interesting observations may 
be made from these data. 

There is, as expected, correlation between the types of systems with 
unmet desires for carrying out different types·of applications, and the 

software needed to support these applications. The data base maintenance, 
output mapping, information retrieval -po.int, and integrated types of geo-
processing systems most closely meet the data handling needs of the respond-
ents. The information retrieval - fixed grid, information retrieval -
variable boundary, and information retrieval - GBF/DIME type systems are 
reported to have the greatest discrepancy between desires for software and 

actual operation of the software. The data base maintenance type systems~ 
though lacking in versatility, perform each of the data handling requirements 
reportedly desired by the respondents. The output mapping - image production, 
integrated - map overlay, and information retrieval - point systems are only 
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lacking in a few cases, and no software type is lacking by more than two 
respondents. 

The information retrieval - fixed grid, information retrieval -
variable boundary, and information retrieval - GBF/DIME type systems are 
reported to be lacking many types of desired software. Not all of these 
can be interpreted to be limited by the inherent characteristics of the 
system groups. Many are simply limited by the applications for which the 
systems are dedicated. 

Data Type 

The primary determinants for the types of data included in a system 
are need and availability. Table A-7\provides a very descriptive indication 
of need versus availability if one ass\lllles that the data are encoded if they 
are in the proper format. A quick overview of the table suggests that~ while 
there are a few data types which are desired by the total population but 
unavailable, sectors of the population are without the types of data which 
they desire. It is not known whether the limitation is the area of coverage, 
the scale, the location identifier, or the classification, but serious de-
ficiencies are noted. The availability of data is especially found to be a 
factor for the metropolitan planning respondents, the resource planning and 
management respondents, and the respondents in the 'other' group. The land 
management and mapping groups are less restricted by the lack of desired data. 

Overall, few data .types are not available in some form for most areas. 
The data types for which there is the most desire and least use are zoning, 
vegetation, groundwater hydrology, geology, the miscellaneous resources~ 
and unique and sensitive areas. The most fulfilled demand is for census, 
assessment, transportation, topography, surface hydrology, soil type and 
interpretation, and timber resource data. 

The reader may consult Table A-7 for the specific types of unmet data 
needs expressed by the various groups of respondents. Briefly sunnnarized, 
the metropolitan planning respondents report unsatisfied need for nearly 
every form of environmental data, and also desire the incorporation of 
assessment, land use, zoning, housing and legal property boundary data. 
It is assumed that lack of coverage is the primary deterrent to the in-
corporation of environmental data. The regional planning respondents note 
far fewer unmet needs. The land management agencies seem to have the data 
which are required, perhaps due to the data-dependent focus of the systems 
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and agency-internal data acquisition responsibility. The responses re-

lating to the mapping systems indicate nearly univers.al .availability of 

desired data. The environmental protection agencies orily lack data in a 

few environmental categories for which data are generally available, and 

since only one respondent is affected, these are not believed to be repre-

sentative of unsatisfiable needs. 

The resource planning and management agencies also are well supplied 

with needed data, with the exception of data on unique and sensitive areas. 

The special area planning agencies do not report any unsatisfied data 

needs. The 'other' group of agencies reports every general data need to 
\ 

be satisfied. 

DOCUMENTATION AND TRANSFERABILITY 
Doeumentation 

Documentation is a key factor for successful system design, continued 

system utility, and data and technology transferability. The issues are 

different for system documentation and data documentation, but the under-

lying principles are similar. Documentation forces greater attention to 

detail, it establishes historical records, it is insurance against the loss 

of a key person or product, it allows others access to knowledge of the 

inner workings of the system, and it legitimizes the process and product. 

Documentation of the source data and the data manipulations performed by 

or with the system, in addition to its obvious bearing on system design 

and data transferability, is significant as a factor in the .legitimacy of 

decisions which the system supports. 

Each respondent is asked whether there is documentation available 

for their system. Six important elements of system design are noted, 

and the respondents are asked to check the elements for which documenta-

tion is available. The elements are: hardware, software, data encoding 

procedure, data structure, data type, and data assessment procedure. The 

question is asked primarily to provide reviewers of the individual 

questionnaires with knowledge of the types of documentation which might 
be available should the reviewer desire further description of the system. 

The responses are tabulated in Table 4-2 to provide an overview.of the 

extent to which systems are documented and of the types of documentation 

which are most common. 

/ 87 



I 

Table 4-2 
System Documentation Reported by Respondents 

Types of Documentation 

NONFEDERAL AGENCIES 

Hardware 

Software 
Data Encoding Procedure 

Data Structure 

Data Type 
Data Assessment Procedures 

All of Above 

Unreported 
Documentation Available 
(no type specified) 
No Documentation 

\ 

TOTAL SAMPLE 

Hardware 

Software 
Data Encoding Procedure 

Data Structure 
Data Type 

Data Assessment Procedures 

All of Above 

Unreported 

Documentation Available 
(no type specified) 

No Documentation 

88 

Frequency 

{21 total) 

5 

(50 

8 

.8 

8 

8 

2 

2 

3 
2 

3 

total) 

16 
23 
26 
27 
26 

5 

4 

3 

3 

7 

Percent 

23 

38 
38 

38 

38 
9 

9 

14 
9 

14 

32 
46 

52 
54 

52 

10 

8 

6 

6 

14 



Proportionally, there ·do not appear to be major dif;ferences between 

the responses from the nonfederai systems and the total sample~ It is 
noted that the elements wbich are necessary to determine t~chnical data 
transferability and to document ·system operation are known for a majori.ty 
of the systems,. but the same elements are not known for all. 

It is somewhat alarming to note the lack of data documentation. The 

reasons for this are not clear. The response to previous questions on 
data source, scale, format, etc. are fairly well reported, though questions 
on precision and resolution are less w~ll known. It must be concluded 
that there is knowledge of data handling procedures, but it is not in 
material form. Access and analysis oithe data are thus limited by the 
lack of general knowledge of where the data came from, how recent is their 
vintage, who collected them and how, to what degree they are generalized, 
and how they are interpreted. 

It is reassuring to discover that few agencies do not maintain any 
documentation for their system. It is less reassuring to see that few 
agencies completely document their system. 

Transferability 
An underlying purpose of this investigation is the evaluation of data 

and software compatibility. The issues are whether data exist in forms 
relevant to potential users and'in formats which might accommodate data 

transfer, and whether software which has been written to accomplish the 
data handling requests of one user can be applied or in some way trans-
ferred to other users. 

Data compatibility is first a function of connnon need. The technical 
considerations which affect data handling are record format, volume and 
data format. The unique problems of changing record formats or transferring 
data between similar formats are too specialized to be herein reported, 
often requiring considerable technical expertise and equipment (I. -Tomlin-

son and Calkins, 1977, p. 100). The data use criteria are less specialized, 
often being able to be resolved simply by asking the question, 'can these 
data be used for the purposes intended?' The techni~al considerations are 
coverage, scale., vintage, spati.,al and temporal precision_, and classification 

detail. Access to data is .another considerati_on, .and includes ownership, 
administrative obstacles, confidentiality, and cost (I. ·Tomlinson and Ca11dns_, 
1977, pp. 84-96). 
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The issues of s.oftware transfer are s~ilar to .those .of data transfer. 

The basic consideration is knowledge that desired software exists. The 
programming issues are tecnnical, the details of which cnange with each 
occurrence. Some of the factors to be dealt with are programming language, 
data structure~ storage restraints, record format and hardware. The access 

to software is influenced similarly by the factors influencing data transfer. 

The simplest type of software transfer is the exchange of information about 
the software (algorithms) from which other programmers can write similar 
programs to meet the restraints imposed by the operating system. To es-

tablish the extent of this type of ~vailability, each respondent is asked 
\ 

to identify whether their software is transferable to other systems. The 

only criteria are that it be 1) available, and 2) documenred. Thus tech-

nical programming considerations are not considered to be limiting. The 
results of this inquiry are noted below as Table 4-3. 

Table 4-3 

Occurrence of Transferable Software 

Frequency 

NONFEDERAL (21 total) 
Predominant 4 
Spatial Rectification Only 2 

Graphics Only 2 

None 10 

Unknown/Unreported 3 

TOTAL SAMPLE (SO total) 
Predominant 9 
Spatial Rectification Only 3 
Graphics Only 2 

None 19 
Unknown/Unreported 17 

'Percent 

19 
10 

10 

47 

14 

18 
6 

4 
38 

34 

It is readily seen that few: (approximately 20%) of the respondents 

reported tnat tbeir ·software was both documented and available.. These 
numbers include some vendor-supplied software for which documentation and 
transferability is implied. In some cases, either toe graphics or the 
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spatial rectification (scale change, projection change, etc-~) types of 

software are documented. These normally are .the result of the use of 

vendor-supplied substystems for these operations. It is interesting to 

note the relatively high percentage of nonfedera1 systems for wb~ch soft-

ware is nontransferable, most .probably due to the in-house programming of 

these systems. The predominance of uriknown or unreported responses from 

the federal agencies may reflect that many of these systems were developed 

by contractors., and the present operators do not know the extent of docu-

mentation. Another explanation may be the specialized nature of these 

systems. It is noted, however, that the extent of transferable software 

reported in this section is less than\that expected from the response to 

the previous questions on documentation. Regardless of which figures are 

used, the potential for software transfer does not appear to be high 

except for the specific types of programs which might have been written 

for a documented system. The extent to which nondocumented software could 

be shared is conjecture. 

FACTORS LIMITING SYSTEM DEVELOPMENT 
The respondents are asked on the questionnaire to identify the reasons 

which they perceive limit the wider application of their geoprocessing 

systems. The results of that inquiry are reported in Table 4-4. 

Limited mandate, budget, and time are the most often reported limita-

tions. Agencies which indicated limited mandate almost exclusively ranked 

this as the most limiting factor. It can thus be assumed that the systems 

are built around very specific needs, are versatile enough to accommodate 

diverse applications, or the potential use of the system is not perceived. 

Whichever the reason, the greatest proportion of respondents believe their 

system row meets the needs for which it was designed. 

Budget and time are noted limitations of the majority of respondents. 

They are 'umbrella' concerns which affect the ability to remedy each of 

the other perceived limitations. It is thus not known whether increased 
budget and time would be used to hire more staff_, get more equipment_, in-

crease analytical capabilities, collect more data or improve data accuracy~ 

The other recorded limitations may provide a clue to answer this 

question, but it is again noted that each .individual agency will perceive 

priorities differently. In order of decreasing priority, the following 
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Table 4-4 
a Factors Reported to Limit System Development· 

Ranking 
Most 2nd Most 3rd Most 

Limiting Factor Limiting Limiting Limiting_ Total 

NONFEDERAL AGENCIES (21 total) 
Availability of Source Data 

Data at Appropriate Scale 

Hardware Availability 

Software Availability 
Technical Staff Expertise 

Limited Mandate 
Time 
Budget 

Base Map Precision 

Data Accuracy 
Not Reported 

TOTAL SAMPLE {SO total) 

Availability of Source Data 
Data at Appropriate Scale 

Hardware Availability 
Software Availability 
Technical Staff Expertise 
Limited Mandate 

Time 
Budget 
Base Map Precision 
Data Accuracy 
Not Reported 

3 

\ 

1 

2 

8 

4 

6 

1 

2 

5 

4 

2 

5 

5 

13 

10 
12 
·1 

5 

1 

1 

2 

1 

4 
8 

1 

2 

3 

4 

2 

3 

1 

8 

15 
1 

2 

2 

1 

9 

2 

1 

1 

3 
6 

1 

13 

3 

1 

1 

4 
1 

0 
3 

5 

9 

17 
16 

1 

3 
3 

8 

8 

6 

10 

14 
15 
31 

30 
3 

8 

3 

~ote: Numbers represent tbe frequency each factor was selected and 
ranked by the aggregated survey population. Eacb respondent 
was asked to rank first, second, and third choices. Where 
no rariking was indicated, each response was considered to 
be most limiting. 
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limitations are noted most frequently: technical staff expertise, availa-

biiity of source data, availability of software, data accuracy, data at 
appropriate scale, hardware availability, and base map precision. The 
nonfederal agencies' pattern of response is quite similar, but less need 
for hardware and software is reported. 

The implications of the above list of priorities at this level of 
analysis is only conjecture. Nevertheless, a few observations are noted. 
Limitations of the data are not perceived to be as important as technical 
system design limitations. Neither is perceived to be as important as the 
administrative type of limitations. The lack of concern for data accuracy 
and base map precision is consistent w~th the responses to other questions 
on the questionnaire for which few respondents were even aware of the data 
accuracies or precision of their systems. If access to data is a problem, 

it surely does not show up in this survey. 
Needs for additional software are reported more often than needs for 

hardware. This would indicate that more agencies would do more with the.ir 

systems if software which was transferable to their machines were available. 
Limited staff expertise is rated quite hig~, indicating the need for more 
trained personnel in the field. One anomaly which stands out quite striking-
ly is the time factor. Respondents believe time to be the most limiting 
factor for increased system use, yet one of the purported purposes of in-

formation systems is time savings. 
To close on an optimistic note, it appears that none of the limita-

tions are intrinsically limiting. One can believe that over time systems 
will evolve to be more efficient, versatile, and better able to meet user 
needs. 
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Chapter V. SUMMARY AND EVALUATION 

The purpose of this study has been to investigate the issues of en-

vironmental data use and data handling practice in computer-assisted 
spatial data handling systems, and to apply this knowledge to an examina-
tion and empirical description of applications in the Pacific Northwest 
states, and the underlying objective of this research to provide insights 

.which would be useful to 'environmental data users and information system 
designers. Research questions were devised which, using a regionally 
focused and somewhat restricted population, would provide added insight 

\ 

for system design and data specification based upon actual users' responses, 

and the status of geoprocessing in the region. 

SUMMARY OF PRODUCTS AND RESULTS 

A number of products and some very illuminating observations resulted 

from the study. The products include: 1) the identification of systems 
and geocoded data sources; 2) the questionnaire which is a tool for system 
and data inventory and for assessment of user need; 3) the descriptive 
information which the survey provided about each respondent--a preliminary 
directory of systems and data; 4) a profile of the prevalent and preferred 
data handling characteristics of types of systems and groups of system 
users; 5) an examination of the interrelationships between various system 
attributes and data characteristics; 6) observations about the limitations 
and potentials of geoprocessing systems, about the contemporary status of 
geoprocessing in this country, and about the prospects of geoprocessing 
in the region; and 7) an evaluation of the research technique. The first 
five of these are briefly described below, the remaining two in ensuring 
sections of the chapter. 

(1) IDENTIFICATION OF SYSTEMS AND DATA SOURCES. The survey 
identified twenty-five agencies or firms residing in the 
Pacific Northwest which have or are developing geoprocessing 
systems for environmental data handling. Most use their 
systems routinely to support data storage, analysis, and 
graphic data display requirements. Forty-six systems were 
identified which contain geocoded environmental data files 
for areas within the Pacific Northwest.1 The applications 
of the systems are diverse, and range from resource in-
ventory and mapping to modeling and assistance for permit 

1This is not an all-inclusive list but it is believed to be representa-
tive. The numbers are from the selected sample of fifty. 
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processing. The types of data contained are also diverse 
and include every type of land resource., land use~ census, 
and facility data. The characteristics of the most promi-
nent of these systems are recorded as Table 4-1. The com-
plete list of systems making up the survey population is 
noted on Table 2-2. 

(2) THE RESEARCH QUESTIONNAIRE. The questionnaire serves two 
principal purposes. The individual questions can be used 
alone or in combination to describe and make ~~f erences 
about the systems and the agency use of the systems. If 
an individual questionnaire is used it is descriptive of 
the particular system characteristics and diagnostic of 
user needs of a particular respondent. Used in combination, 
inferences about the data handling practices and needs of 
groups of users, about systeµi applications, or about any 
geographical area of coverag~ can be made. A copy of the 
questionnaire is attached as Appendix 2. 

(3) PRELIMINARY DIRECTORY OF SYSTEMS, DATA COVERAGE AND USER 
NEED. The completed questionnaires form a preliminary 
directory of the systems which were surveyed, the data 
within the systems, and the preferred applications and 
data characteristics of the respondents. The completed 
questionnaires and a Stmlmary sheet describing each 
response are on file at the NASA-Ames Research Center. 
These are available for inspection and evaluation. The 
completeness of response is not uniform, however. A 
descriptive tabular index to the questionnaires was pre-
pared to assist the reader in selecting the questionnaires 
which may be of interest. This is attached as Appendix 3 
to this report. 

(4) PROFILE OF PREVALENT AND PREFERRED SYSTEM AND DATA CHARAC-
TERISTICS. For each of eleven types of geoprocessing 
systems, 2 the types of applications and data analyses per-
formed, and the types of data handling software operating 
and desired are described to infer the potentials and 
limitations of each system type. The profile of eight 
groups of system users includes characteristics of data 
handling capability and also includes the data types, data 
characteristics, and mapping and geographical referencing 
characteristics which are reported and desired. It is 
thus possible to compare the data handling characteristics 
of different system users and of different system types, 
and to determine which characteristics are desired, but 
not presently operating or available. Results of this 
investigation are reported in Chapter IV. Summary tables 
report the numerical tabulation of response. These are 
contained in Appendix 5. 

2 The classification is explained in Chapter II. 
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(5) INTERRELATIONSHIPS BETWEEN SYSTEM AND DATA CHARACTERISTICS. 
It is recognized that. applications and system design 
characteristics do not solely influence the characteristics 
of the data acquired for and used by the agencies. The 
responses are thus used to examine the interrelationships 
between such factors as scale, precision and resolution, 
area of coverage, data type, and.data source. It is found, 
for example, that the area of coverage is a significant 
determinant of resolution, scal_e, map projection and co-
ordinate reference. Scale also is a significant determinant, 
but data type and data source do not highly influence the 
other characteristics of the data. The results of this 
investigation are reported in Chapter V. 

SUMMARY OF RESEARCH OBSERVATIONS 
\ 

Many empirica_l, analytical, and deductive observations were made in 
the course of this study. They reflect some of the problems and po-
tentials of the use of computer-assisted spatial data handling systems, 
and proV.·ide connnent upon the status of spatial data handling in this 

country. The observations reported be~ow are separated into two groups. 
The first group is representative of geoprocessing issues in general, 
and by inference has relevance·for the Pacific Northwest region. These 
are derived from an analysis of the questionnaire responses from the total 
survey population. The second group of findings focuses upon the Pacific 
Northwest as a region, and upon the availability and utility of geocoded 
data and spatial data handling systems. 
Findings of General Interest 

STAGE OF DEVELOPMENT: The systems surveyed are in various .stages 
of development. Most agencies are still experimenting with their 
systems, and new applications are being developed. Most respond-
ents seem to be open to new ideas, and are very interested to 
know what other system users are doing. The systems built around 
a particular data storage and retrieval function are least likely 
to be considering new applications. 

DIVERSITY OF SYSTEMS: There is a diversity of types, forms, and 
sophistication of systems but each seems to satisfy the basic 
requirements of the users. Many of the same applications are 
performed by systems with very different characteristics. The 
geoprocessing elements of the systems are quite diverse, and 
include computer-assisted graphics systems, mathematical models 
with spatial data components, georeferenced data bases, assem-
blages of data analysis software and dedicated hardware/software 
configurations. 
IN-HOUSE PROGRAMMING: A very high percentage of the respondents 
reported that the data handling capabilities were developed 
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in-house. This approach typically results in lack of documenta-
tion, and lack of concern for.data or software transferability. 
Vendor supplied software is available for nearly every data 
handling task, but few agencies recognize or take advantage of 
this resource. The only system component which is nearly uni-
versally supplied by vendors is the graphics component. Federal 
systems are most likely to be vendor supplied. 
LIMITED APPLICATION: Most systems are dedicated to .the per-
formance of very specific applications and are constructed around 
the performance of these tasks. Though many systems seem to have 
the software to perform more sophisticated data analysis and 
display, there are few reports of systems being used to their 
potential. 
DATA ACCURACY AND DATA.DOCUMENTATION: There is a noticeable 

" lack of concern for data accuracy\and data documentation. Less 
than 15% of respondents are aware of the precision of their data, 
and most do not maintain descriptions of the basic character-
istics of the data necessary to assess its utility. Access to 
and analysis of the data are thus limited by the lack of general 
knowledge of where the data came from, when and how they were 
collected, and by whom, and to what degree they are generalized 
and interpreted. 
DATA INTEGRATION: Systems are able to store many different 
types and formats of data, each uniquely referenced by geo-
graphical location. Only half of the systems surveyed actually 
do store data in more than one format. Most report that they 
can and do connnonly store environmental data with nonenviron-
mental data such as land use, census, facilities, political 
boundaries, etc. The extent of integration of different data 
files for comparison or analysis using the system hardware and 
software is not known, but it is not believed to be very great. 
DIVERSITY OF DESIGN OPTIONS: The characteristics of the systems 
and the way in which data are handled in the systems are very 
different, even among respondents with similar administrative 
responsibilities and data needs. There are, therefore, many 
different system design options which may satisfy similar user 
needs. 
RELATIONSHIP OF SYSTEM SOPHISTICATION TO USER NEED: Respondents, 
groups of respondents, and types of systems for which the great-
est diversity of applications are reported also report the great-
est diversity of software. There is, however, a discrepancy 
between the groups of respondents indicating the greatest number 
of operating characteristics and satisfied need. The agencies 
and systems reporting the greatest need for new features also 
have the greatest amount and diversity of existing features. 
ABILITY TO PERFORM DERIVED ANALYSIS: The number of respondents 
who report the use of their systems for derived mapping and 
analysis is very small. This is an indication that the special 
features of geographic information systems which allow spatial 
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comparison and reformatting of data files are not integral to 
most systems. Even if these capabilities exist, tbere are few 
cases where systems are being used for these purposes. 
DATA SUPPLIERS AND DATA.USERS: Two significant types of systems 
are recognized, eacn having different data bandling implications. 
The first are the dedicated data systems .which are established to 
process a particular type or very closely related types of data. 
These are tbe potential data suppliers. The data are usually 
documented and there is some quality contr.ol exercised (i.e., 
screening and editing). The nondedicated systems often obtain 
data from many sources, and the data coverage th01.1gh uniform in 
area is not often uniform in quality. Though potentially a 
source of data for external use, there are many negating factors. 
These are the predominant group of data users. 
DEMONSTRATED TECHNICAL ABILITY:\ There a.re no system applications 
or data handling capabilities which were queried for which there 
was not at least one respondent indicating active operation. 
Therefore technical feasibility is demonstrated and potential 
operation in or for any system is inferred. 
SATISFACTION OF USER NEED: There is not a great discrepancy be-
tween desired and presently operating characteristics. Though 
many systems are limited with respect to other systems, the pro-
portion of respondents, types of systems, or functional responsi-
bilities for which there are significant reports of unmet needs 
are low. 
COMPUTER MAPPING: Computer mapping capability is predominant, 
but not universal. 
MOST DESIRED SOFTWARE: The greatest proportion and frequency of 
unmet spatial data handling needs are reported for: Landsat 
data use and analysis, value weighting, direction determination, 
shading, overlay, projection change, centroid determination, 
edge matching, and statistical analysis.3 
FACTORS LIMITING EXPANDED SYSTEM USE: Limited mandate, budget, 
and time are reported to be the predominant factors restricting 
the greater application of systems. Data availability, accuracy 
and reliability are not perceived to be very limiting. There 
is greater desire indicated for more hardware and software to 
process data than to improve the quality of data. The lack of 
trained personnel is also a significant deterrent. 

Regional Implications 
CtiARACTERISTIC RESPONSES: The respondents located in the region 
respond similarly in some cases, but quite differently in others, 
to those with data coverage for the region though situated else-
where. Slmilarity of response is noted for questions on transfer-
ability, documentation, data types, and limiting factors. Dis-
parity of response is noted in the types of systems, types of 
applications, types of data handling capability used and desired, 
data sources~ and data characteristics. 

3Definitions provided in Appendix 1. 
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SYSTEM DIVERSITY: Different types .and configurations of systems 
are noted within tbe region in both .the public and private 
sectors. Many different types of applications are .also repre..-
sented. The different configurations and applications make gen-
eralization very difficult. Each system must therefore be 
evaluated individually with respect to the purposes for wbicb it 
is designed. 
DIGITAL DATA COVERAGE: The present digital data coverage for 
the region is a combination of data specially collected for a 
particular program of the sponsoring agericy and for .which the 
system is dedicated, and data collected from conventional 
sources: (niaps, aerial photographs, land surveys, etc.) and en-
coded to provide an operational data base for many programs or 
activities. There is little integration of the data between the 
two types of systems. The types, '.classifications, scales, en-
coding formats, location identifie\.s, and geographic coverages 
of data are very different. Though there is often geographic 
overlap of data types, the other characteristics are rarely 
similar. This is demonstrated in Table 4-1. 
DATA AND SYSTEM DOCUMENTATION: Poor data and system documenta-
tion is predominant among the systems in the region, though 
there are some notable exceptions. It would be difficult, in 
most cases, to transfer files or copy applications from one 
agency to another due to the lack of knowledge of important in-
formation. 
MOST COMMON DATA CHARACTERISTICS: The most common sources of 
data encoded in regionally based systems are published surveys 
and maps. The U.S.G.S. 1:24,000 quadrangle maps are the pre-
dominant base, and State Plane Coordinates are the predominant 
coordinate reference. Soils data are the most connnonly reported 
environmental data types, and their use as a descriptor of charac-
teristics of the landscape is common in many types of applica-
tions, and by a variety of different users. 
OPPORTUNITIES FOR DATA EXCHANGE AND COMMON DATA USE IN THE 
REGION: It is unlikely that exchange of digital data between 
agencies will take place in the near future; the existing data 
are too dissimilar and there are too few agencies in the areas 
covered which are capable of or interested in utilizing the data 
in the digital form in which they exist. It is much more likely 
that the existing data systems will integrate the digital mapping 
bases which will become available, or larger systems will be 
created at the state or regional level that will be versatile 
enough to handle data in various formats from diverse sources. 
Nevertheless, even today the opportunity ·exists for data transfer 
and connnon data usage among agencies because many data needs are 
similar, programs have been initiated to supply the most commonly 
used data, and software exists to mitigate problems of dissimilar 
data. Cooperative data collection and encoding, and the search 
for and evaluation of already digitized data are viable options 
that appear to be worthy of consideration. 
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• 
The digital mapping applications have the most promise for 

providing useful data to many users. The state of Washington, 
through the Department of Natural Resources., is far ahead of the 
other states in this area., providing necessary survey control 
for nearly the whole state., and is beginning to plot contours, 
soil type., and land ownership for its own base mapping.and otber 
special programs. The Oregon State Department of Revenue nas an 
innovative program to maintain county cadastral.maps in digital 
form for each of storage and update., and to provide munici-
palities with this base if they wish to build an information 
system. There is a current demonstration of this application 
being carried out by the city of Salem. The U.S. Geological 
Survey mapping programs also hold much promise. Digital terrain 
and topographic mapping·systems are operational and are produc-
ing digital maps of U~s.G\s. quads and special map series for 
many geographic areas in the region. A similar need to produce 
maps more efficiently has spawned a computer-assisted mapping 
system in the Soil Conservation Service which is now producing 
computer geocoded soils maps. The U.S. Forest Service, Bureau 
of Land Management, and Fish and Wildlife Service are developing 
geographic information systems to store data for large areas of 
the federal land domain. 

Any accurately georef erenced data file can be located with 
respect to any other geographically referenced data file. There 
are., however, few cases within the region where georeferenced 
data files of the various federal agencies are logically or 
cartographically merged with other locally generated data files. 
The states of Oregon and Washiqgton are actively evaluating the 
feasibility of tying into these data sources. Individual re-
search institutions and state agencies already have gained access 
to some of the federal agency data systems. Caution is advised, 
however, due to the differences in scale, classification, format, 
and positional accuracy of the data contained in the federal files 
and that desired by the state and local data users. 
LANDSAT DATA USE: There are few agencies surveyed which have 
integrated Landsat derived data into their information systems. 
Few indicate desire for Landsat data classification software. 
This, however, is not a true indication of potential.because 
the technology is not yet readily available. The diversity of 
data products available from Landsat data interpretation corre-
lates well with the needs of many users. This should signal a 
significant interest in and application for classified Landsat 
data in the region. An immediate application which is en-
visioned is to fill the gaps between the other scattered digital 
~overages. More information is needeq, however, to document 
adequately the potential for Landsat and conventional data inte-
gration. This is the direction being pursued by the Technology 
Transfer Task Force through the Landsat Applications Program. 
The technology is becoming less costly and more accessible to 
the "agency" data users, and the accuracy of classification is 
improving. 

100 

I 
i 



EVALUATION 
The report on which the present publication.is .based .provides .an il-

lustrative, thougb certainly not comprehensive view of tbe status and 
cbaracteristics of geoprocessing in tbe region~ and by association many 

observations wbicb are equally relevant to the fi,eld as a whole. There 
are many individual systems, and some types of geoprocessing systems which 
are ex;cluded from this population., but it is believed, nevertheless, that 

the findings wbicb are recorded are appropriate and representativ-e at tbe 
level of detail at whicb tbey are reported. 

Digital spatial data processing is gaining wider application in many 
disciplines. A representative sample~"of applications and characteristics 

of geoprocessing systems is sufficient for the illustration of the use 

potentials, present operational status, and user needs. The statement of 
problems and prospects is not diminished by the size of the sample. 

The questionnaire was designed to elicit a wide spectrtml of informa-

tion from a diverse set of respondents. Prior to this study, there was 
little known regionally about the specific characteristics of geoprocessing 
systems, about their use within agencies which have them, about the 
characteristics of the data which are maintained, about the availability 
and application of data handling software. The questionnaire was designed 
both to seek information from agencies and to determine how much agencies 
actually know (or wish to share) about the characteristics of their data 
or about themse of their system. 

Each respondent had the option of responding to the questions which 
were deemed appropriate, and in the degree of detail which they desired. 
A uniformly detailed response, though desired, was not expected. Each 
system which-was queried had unique purposes, program, and data handling 
characteristics which made some questions more appropriate than others. 
There were a number of other factors which influenced the accuracy and 
completeness of response, including the stage of development of the system, 
the technical knowledge of the respondent, the administrative responsi-

bility of the respondent, the interest of the respondent, the respondent's 
perception and understanding of the questions, and the appropriateness of 

the predefined answer choices. 
Despite these limitations, the response record was relatively good 
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for a mailed survey, and the information obtained very useful as an in-
troductory overview. Most of .the objectives for which this study was 
designed were fully or partially served as a result of interpretation of 
the questionnaires. 

A numerical breakdown of the response to the questionnaire follows: 
Number 
Number 
Number 
Number 
Number 
Number 

of questionnaires sent 
received 

(' 

fitting criteria 
used for analysis 
adequately completed 
partially completed 

91 
65 
52 
50 
23 
27 

Many users of geoprocessing sy~tems, and considerable information 
about the characteristics of the system and the data needs of the users 
are identified. The completed questionnaires represent a preliminary 
directory of systems and data, but are not suitable for widespread dis-

tribution in their present form. The original questionnaires are certain-
ly useful to determine in a general fashion 'who has what' data and 'what 
is being done by whom,' but the questionnaires are an unscreened and un-
verified primary data source, and are not organized for selective data 
retrieval. The summary forms and computer tapes of the information 
extracted from the questionnaire, and used for the summaries and cross-
tabulations also are not organized for selective retrieval. A map-based 
directory of data would be very useful, but the diversity of types, for-
mats, classifications, and coverages of data complicates the establishment 
of mutually exclusive data groupings necessary for meaningful map recording. 
The incomplete and inconsistent response to many questions on the question-
naire reduces the accuracy of any published directory stennning directly 
from the questionnaires. If adequately completed, however, the question-
naires can with litt-le modification serve this purpose. This is evident 
from the responses from the agencies which did fill out the questionnaire 

completely. Thus it may be assumed that a more supervised and verified 
response would serve these purposes. For use by agencies interested in 
internal documentation or data needs assessment, the questionnaire would 
need to be modified to meet special objectives, but the content and format 

appear to be sound. In order for the descriptions from the questionnaires 
to be of optimal use by the user community, as individual agency sunnnaries, 
the most pertinent descriptors should be identified, the data extracted 
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from the questionnaires~ the sl.lll1.maries com,pleted and verified ·by the re-

spondents., the information published or stored in indexed and retrievable 

form, and arrangements made to updat_e:.>· maintain and distribute tbe in-

formation. 

The completed questionnaires and the analysis of the data received 

f rem them is intended to be a to.cl for persons and agencies interested 

in geographical information system design. There are unquestionably many 

things about computer assisted spatial data handling which are not known. 

A foundation for understanding many of the issues of systems design and 

development is provided in this report;\ The present status of computer-

assisted spatial data handling_, and the characteristics and needs of users 

are described to the extent allowed by the completed responses. 

The use of the summarized questionnaire to provide an overview of 

data handling practice and the need of sectors of the survey population, 

to assess the status of geoprocessing in the region, and as a basis for 

the examination of implications for system design and technical assistance 

has been described. The analysis, however, is no more accurate than the 

original data, and the techniques which are used to extract the data for 

analysis. The evaluation of the questionnaire is limited by the following: 

1. the appropriateness of the descriptive variables and options 
chosen as a basis for description, comparison, and evaluation~ 

2. the selection of the groups of responses for which the pro-
files are reported; 

3. the adequacy and appropriate use of the summary tables. 

RECOMMENDATIONS 
Many very important considerations had to be overlooked or simplified 

to make the survey form manageable and still be able to assess the wide 

range of concerns which this report covered. The questionnaire was unable 

to serve any particular purpose completely. Data needs should be assessed 

separately from the present data handling activity, and a directory of 

systems should be separated from a_directory of data. The persons to whom 

the questionnaire is sent_, the survey questions_, and the method of response 

should be tailored to each separate objective. The survey should either 

be used for descriptive overview or for individual agency assessment. 

It is furtber reconnnended that consideration be given to the evalua-

tion and furtber study of some of the issues briefly raised: 1) the 
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establishment of a system directory; 2) :tbe establishment .of a digital 

spatial data directory;:: 3) a clearingbouse for tecnni.cal assistance;_ 
4) -user needs assessments for different ·types of data users;: 5) co-
ordinated or snared data acquisition and use., software development and 

software transfer;:. 6) standardization of data classification;_ 7) studies 
of data precision; and ·s) implications of the choice of the decision 
variables upon one another and upon other issues of system design. There 
are undoubtedly many more whi.ch could be considered in the light of the 
changing technology, greater data user awareness, greater potential for 

local application, and lack of i~tegrated or synoptic research. Any 
\ attempt to design a system should follow a rational design plan, and be 

based on extensive evaluation of user needs, available resources, and 
administrative barriers. 

The use of computer-assisted methods for the storage, retrieval, 

analysis, and graphic display of spatial data is a technology with 
proven application, and though still in its developmental stages promises 
greater data handling efficiency, more sophisticated data analysis capa-

bility, and more illustrative graphic display possibilities. Thus study, 
though providing much new information, has only scratched the surface. 

Much more attention would seem warranted in order to be prepared for the 
inevitable wider application of this technology which is close on the 
horizon. 
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Appendix 1\ 

INTRODUCTORY CONCEPTS OF SPATIAL DATA HANDLING 
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SPATIAL DATA 

All data have three characteristic features: the thematic or de-
scriptive feature tells what it is and its value; the spatial feature 
tells where it is and its spatial format (point, line, area); and the 
temporal feature tells when it was measured (I. Tomlinson, ed., 1972, 
p. 36). Spatial data are a special type of data for which the spatial 
and thematic feature are linked for reference, or simply data for which 
the location is a part of the data record. A map is one medium for re-
cording spatial data. On it may be a Pface name, a feature, or an in-
terpretive rating. Spatial data have three components which together form 
the record of any observation. These components are a data attribute, a 
spatial locator, and some physical medium upon which the data reside (I. 
Kennedy and Meyers, 1977, p. 30). The data attribute, sometimes termed 
the data content or descriptor, is a characteristic observation or evalua-
tion. It may be expressed in nominal, ordinal, interval, or ratio form. 
Examples are slope, pollution levels, suitability ratings, locations of 
facilities, well logs, etc. The spatial locator, sometimes called the 
spatial entity, are points, lines, or surfaces with which spatial data 

attributes are associated (Computer Sciences Corporation, 1979, p. 1-1). 
These include names of locations, geographic coordinates (which may form 
lines or areas), special districts, political boundaries, mile indexes, 
etc. The physical medium holds the data attributes and spatial locators 
in storage. Common media include maps and charts, film (aerial photogra-
phy), computer tapes, and card files. 

COMPUTERIZATION OF SPATIAL DATA 
Computerization of spatial data necessitates some way in which the 

descriptive and the spatial component can be placed in computer.readable 
form, stored and manipulated. Placing data in machine readable form is 
called encoding. There are many ways in which this is done, each varying 
in complexity and very much dependent upon the degree to which the computer 
is to simulate and maintain relationship between spatial patterns. The 
descriptive component can be stored similarly to any other type of data. 
Alphanumeric symbols are keypunched onto cards, tape, or disc. The 
spatial component, which on a map is referenced within a coordinate 
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framework of latitude and longitude, must be nonvisually referenced in a 
computer. A code is therefore assigned to represent this spatial component. 
This code is called the location identifier, and can take many forms. Four 
basic types which are recognized 9re: 1) external index; 2) coordinate 

1 reference; 3) arbitrary grid; and 4) explicit boundary. 
External index referencing assigns a nominal code representation to 

a particular geographic area or location. The index is external because 
the true location or spatial configuration of the area is not known unless 
another source, such as a map, is consulted. 

Coordinate reference makes use of a single 'x, y' coordinate point 
to represent location. The coordinat~ value may represent a single point 
of data specific to location, such as a monitoring station, or the centroid 

of a spatially defined area. The relative position of the data is thus 
known, but the actual boundaries are not known without external reference. 

Computer assisted spatial analysis and thematic representation of the data 
at that location is possible. 

Arbitrary grid, sometimes called implicit boundary, and explicit 
boundary location identifiers add a two-dimensional representation to the 
data by recording boundaries made up of patterns of indexed coordinates. 

An arbitrary grid location identifier is characterized by an arbitrary 
scale, regular grid structure, laid over the data in matrix form. Each 
cell of the matrix is defined by parallel and perpendicular line segments 
of equal proportion. It is thus assumed, for ease of processing, that the 

data value is constant over the whole area, even though the spatial con-
figuration of the data element may not correspond to the boundary. 

The explicit boundary location identifier is the most sophisticated 
and simulates true spatial form to the highest degree. The actual (or as 
near to actual as is desired) boundary of the spatial data element is formed 
by the nodal coordinate points selected to form the area boundary. The 
more points which make up the boundary lines, the greater is the potential 
similarity to the actual spatial configuration. 

l The explanation is the result of the review of many sources, the 
most prominent being: I. Calkins and Tomlinson, 1977, pp. 9-12; II. 
Dangermond, 1972, pp. 184-198; I. Redekop, 1974, pp. 14-33. 
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The location identifier, being a part of the data record, is capable 
of being edited, summarized, compared, measured, or displayed similarly to 
the descriptor record. 

The encoding options and procedures are different for spatial data 
with different configurations (i.e., point vs. area). Data originating 
as points· (i.e., sampling sites) are well represented by coordinate points. 
Area coverages, however, may be represented in many ways. A coordinate 
point may, for example, be used to identify a centroid, or a grid may be 
overlain on top of the coverage and the boundary aggregated into the cell. 
Each may be done manually, or machine aided. Explicit reference of areas 
requires a different set of procedur~s, especially if the relation of any 
spatial entity to its.neighbors is to be maintained, for example re-
creating a map. Encoding of the data from their original form to machine-
readable form is the major data transfer function needed to set up a 

computer-aided spatial data handling capability. Encoding of points for 
explicit reference is called digitizing. 2 Digitizing is the assignment 

of coordinate location values to the data. It can be done automatically 
or machine aided using a digitizer, or may be done by manual methods. In 
each, the relative 'x' and 'y' values for specific points are recorded 
with respect to an arbitrary origin. The origin is a predefined point 
representing a corresponding location on the surf ace of the earth. 
Combinations of points define lines or areas. The descriptive charac-
teristics of the data are matched to the points, lines or areas by in-
ternally referencing computer programs. It is thus possible to· produce 
machine images such as computer drafted maps or CRT displays which corre-

spond to any spatial activities or areas that can be represented in graphic 

form on a map. Once the data are in computer processable form, both the 
boundaries and the descriptive data can be edited, or selectively manipu-
lated for measurement, statistical analysis, thematic representation, or 
re-creation of the original map. 

2Excellent discussions of encoding and digiti~~#s·:~7b~. found in: 
I. Calkins and Tomlinson, 1977, p. 207; I. Tomlinso:il; ed.~- !972, p. 44. 
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LOCATION IDENTIFICATION FOR SPATIAL .DATA RECORDS 
Spatial entities may be represented as points, lines, or areas. When 

·data are introduced into a system, the original data may be altered for 
ease of data handling. Once data are encoded, they are described by their 
geocoding format as represented by the location identifier. Format in-
fluences data handling and data accuracy. The influence on accuracy is 
due to changes in the spatial configuration of the data entities as the 
data pass through the system. There is, for example, a significant loss 

of accuracy due to point or line defined entities having to be represented 
as grids, or due to area-continuous coverages having to be defined as points 

" o;r. grids. \ 

Source data format does not itself influence data base design, but 
it is a significant data descriptor because of its influence upon encoding 
format;imaintenance of the information content of the original observations, 
and upon precision and resolution. 

Spatial data handling is more directly influenced by the form of the 
location identifier. Table A-1 summarizes the salient features, benefits, 

and liabilities of each of the principal methods of location identification. 
Generally, the handling of the location identifier is more complex as the 
resolution increases and the mapping units become smaller (I. Calkins and 
Tomlinson, 1977, p. 107). 

The choice of location identifiers is most critical for area data, 
where various coding options may be considered, and no option can perfectly 
represent the spatial entity as it exists on a map. Discussion of grid 
vs. polygon representation is extensive (II. Dueker, 1975, pp. 29-35; II. 
Dangermond, 1973; III. Power, 1975, pp. 31-35; IV. Westerlund, 1977, 
pp. 34-47). It is now generally accepted that each has its merits and 
applications, and since software has been developed to merge polygon for-
matted data into grid formats, one is no longer forced to choose. The 
polygon argument centers around the trade-off between the ability to closely 
approximate boundary conditions and the storage volumes necessary to store 
the numerous points defining each boundary. The numerous points create 
added editing problems as well, and the overlay of separate coverages 
often results in 'spurious' polygons, which are small, often unreliable 
polygons created by the intersection of two or more polygons near the 
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Table A-1: Evaluation of Location Identifiers for Spatial Data Handling 
Location Identifier 

I. External Index 

II. Coordinate Point 

-,III. Implicit Boundary-Grid 

·~ 
h· 

f-
l°' 

..... 
W-~ 

·"~· Ile• ·~~di. Boundary-Grid 
li-1,,,__ '. 

'~ , . . ,,~ 
l 

Characteristics 

Boundary only known by 
referencing to an index 
such as a map. 

Assignment of a unique 
earth surface coordinate 
to represent each 
spatial data unit. 

Boundary known to system by 
overlay of regular grid 
over area covered; 

Area continuous coverage 
with data coded by cell; 

Cell contents as numbers, 
percents, or simple 
descriptors (e.g., soil 
type "A"). 

True boundar; of grid is 
digitized and known to 
system; 

Data storage same as arbi-
trary grid; 

Benefit 

Simple listing and tabular 
su11111ary; 

Simple encoding of data; 
Hierarchical sunmary. 

Can be used as implicit 
reference to represent 
grids or polygons; 

Ease of data storage; 
Ease of spatial analysis 

(e.g., simple display on 
a line printer); 

Points represented as points; 
Relative location known to 

system; 
Data surrmarization by units 

is easily performed; 
Compatible with many 

mapping programs. 

Ease of data storage; 
Data surrmarization by units 

is easily performed; 
Simple retrieval and display; 
Simple display on line 

printer; 
Simple overlay; 
Straightforward computation; 
Compatibility with many com-

puter graphics programs; 
Compatibility with many 

mathematical models; 
Easy progranvning. 

Allows comparison with 
irregular polygon data; 

Less storage needed than 
irregular polygon; 

Grid data remains in grid 
form; 

Simple overlay of data sets; 

Li abil 1ty 

Data must be transferred to 
another medium for graphic 
display and/or measurement; 

Manual creation of original 
reference data base; 

No boundary conditions known. 

Boundary display and analysis 
not possible; 

Slow semi-manual creation of 
original reference base; 

Unable to record line data. 

Exam!) le 

Census file records; 
Resource inventory records. 

Location sampling stations; 
Parcel centroids; 
Thematic mapping; 
Digital terrain models. 

Forces special colle~ion of Conmon: computer mapping programs; 
data to unnatural units; Thematic mapping; 

Det~il is lo~t in genera~iza- Hydrologi~ and atr pollutioh 
tion to grid structure, dispersion models. 

Requires laborious manual 
reworking of data to put in 

·grid form; 
Line data is poorly repre-

sented; 
Data not positionally accurate 

over large areas. 

Forces special collection of 
data in unnatural units; 

Detail is lost in generaliza-
tion to grid structure; 

Line data poorly represented. 

Point in grid routines; 
Window overlay; 
Mathematical models. 

Source: Kenneth Gordon, "Environmental Data Handling in Geographic Information Systems:. An 
Evaluation Based Upon a Study of Applications in the Pacific Northwest States." M.S. thesis, 
Western Washington University, 1979, pp. 70, 71. 
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Table A-1--continued 

Location Identifier 

V. Explicit Boundary-
Irregul ar Polygon 

Cha racteri s ti cs 

True boundary expressed by 
straight line connec-
tions between points 
delineating a data 
element. 

VI. Explicit Boundary-Lines True boundary (value) 
expressed by line seg-
ment connections between 
points delineating a 
linear data element. 

Penefit 

Compatibility with many 
graphic programs; 

Consistent aggregation; 
Different size grids are 

possible; 
Data can remain positionally 

accurate by referencing 
grid corners to coordinate 
references; 

Can accept boundary data 
as separate data set. 

Accurate measurement; 
Accurate boundary represen-

tation of area continuous 
data; 

Direct encoding of data 
possible into digitized. 
polygons; 

Measurement, analysis, 
combination are possible 
i nterna 11 y; 

True cartographic repre-
sentation; 

Can accept boundary data as 
separate data set; 

Correspondence with mapped 
information; 

Grouping point data to 
polygon. 

Accurate representation of 
line data as lines; 

Accurate measurement; 
Correspondence with mapped 

information. 

Liability Example 

Spurious polygons; 
Large data volume and 

sophisticated data 
storage, search and 
manipulation; 

More sophistjcated hardware 
needed t-o' avoid time-costs 
of digitizing. 

Can only represent lines 
accurately. 

Land classification; 
Computer assisted cartography; 
Area masking; 
Area calculation; 
Point in polygon routines. 

Roads; 
Contours; 
Networks. 



system resolution limit. Gridded .data preserve the spatial integrity of 
the recording unit and are therefore most suitable for repeat analyses 
such as for modeling and change detection. Grids can also be printed on 
a line printer, making display less costly. Encoding into grids requires 
the squaring of boundary edges to fit the grid, often obscuring small 
polygons and boundaries that cross the cell but do not predominate in 
area. Coding of a cell as a combination of percents mitigates this error 

for statistical recording only. 
External references are expected where fidelity is not a concern, 

such as in statistical reporting and record keeping, and where the size 
of the area precludes more finite spa~ial identification. Coordinate 
point identifiers are expected where the source data originate as points, 
where relative location is of greater concern than delineation of spatial 
boundaries, where data records can be related to a geographic base fil.e, 
or where data storage is a limiting factor. Grid identifiers are expected 
in cases where spatial fidelity is of lesser concern than ease of data 
handling, where multiple coverages are to be compared, and where record 
volume is a limiting factor. Polygon data are expected for smaller areas, 
for cases where boundary conditions are critical, and for more explicit 
spatial comparisons. 

The choice of location identifier is expected to be influenced by 
the data volume, system sophistication, cost, applications, ease of data 
handling, and accuracy. Also, it can be expected to be influenced by the 
size of the coverage, data type, classification detail, precision and 
resolution, and scale. The location identifier in turn exerts influence 
upon data volume, system sophistication, cost, ease of data handling, 
and.accuracy. Also, the location identifier affects classification detail, 
piecision and resolution, and coordinate reference. 

SPATIAL DATA PROCESSING CAPABILITIES (SOFTWARE) 
Once the data are in machine storage, computer programs direct the 

computer or its peripheral equipment to carry out selected operations in 
the desired fashion. The computer programs which encode, edit, analyze, 
display or otherwise manipulate data are broadly defined as the software. 

Data handling capabilities can be equated with the software which directs 
the computer to carry out the selected operations. The range of possible 
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operations on the data is great, and is largely affected by the tasks which 
are to be performed, and tbe desired output. 

There are two options for the implantation of software into an informa-
tion system: external acquisition and internal generation. The choice of 
either of the above itself is a design decision and herein will not be 
evaluated. 

Table A-2 describes some representative data handling capabilities 
which this author believes are of greatest utility for spatial data 

h dl . d h . d · 1 . 3 an 1ng, an suggests t eir purpose an ut1 1ty. 
Software is equated with data handling capability and therefore system 

sophistication. It is best evaluated B~sed upon a thorough analysis of the 
types of tasks which are desired to be performed, and balanced by the 
availability of software or programming capability. The principal con-
sideration, however, is the overall benefit to the data user. One may 
ask, can computerized capability perform tasks bette:r, more quickly, more 
accurately, or less costly than manual operations, and are the benefits 

worth the added costs? 
The specific types of software which are operationalized by the user 

also depend upon other data handling decisions: what types of data are to 
be encoded? which location identifier.is to be used? how are the files to 
be accessed? what form of output is desired? how much versatility is re-

quired? etc., and by the restraints of the existing system. 
Description of software and software specification should consider 

the attributes of availability and transferability, and what types of 
software are operating, planned and desired. The routineness of use and 
whether the software is internally programmed or vendor supplied provides 
additional knowledge for specification. 

Each type of function performed by software is related to the applica-
tion for which it is designed, which is a function of each of the other 

3The descriptions were gleaned from many sources, some with con-
flicting terminology and different categorical placement of the capabilities. 
The reader is referred to the original works (III. !GU, 1976a; I. Tomlin-
son, ed., 1970, pp. 67-145; I. Tomlinson, ed., 1972, pp. 758-889; I. Calkins 
and Tomlinson, 1977, pp. 227-256) for more information on technical detail 
and categorical placement. 
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Table A-2: Software for Spatial Data Handling 
Operation Explanation Use 

EDITING 

Identify and Correct Polygon boundaries must be closed to define a continuous 
Closure Errors area spatial data set. This program searches digitized 

records to determine if all polygons are closed. Can 
identify unclosed polygons with error message and/or 
automatically close a line. 

Identify and/or Correct Slivers are the result of digitizing too small a polygon, 
Slivers or not matching boundaries. Unmatched boundaries may 

create overlapped polygons or uncovered areas with no 
direct correlation to the graphic data set. Matching of 
boundaries within certain tolerances can automatically 
correct errors. 

Data File Update Programs to alter the content of the descriptive or 
image data set. 

Labeling Programs to assign alphanumeric syrrt>ols to spatial data 
sets. 

SPATIAL RECTIFICATION 
(Spatial Data Massaging) 

Removing Map Distortion 
(Rubber Sheeting) 

Line Generalization 
(Smoothing) 

Modify Alignment 
(Transformation) 

Scale Change 
(Scaling) 

Projection Change 
and 

Coordinate Conversion 

IMAGE DATA MANIP1LATION 

This set of programs can be used to alter the relative 
position, coordinate reference, or location identifier 
to achieve compatibility between data sets or to compen-
sate for graphic inaccuracies. 
Maps can shrink or swell with changes in humidity and 
tem~erature. Also, changes in medium, i.e., map to 
transparency, or slight misorientation on a digitizer 
can introduce error in linear relationships. This pro-
gram enables a 11 the coordinates to be altered to match 
pre-established control points. Sometimes called · 
rubber-sheeting. 
Use of a mathematical algorithm to reduce the number of 
points in each line or polygon either by equal spacing 
or "leveling 0 jogs in the polygon boundary. 
Programs to reposition the spatial display over the 
'x,y' field, for example, altering position around an 
axis (rotation) or above or below an origin (trans-
position). 
A special type of transformation whereby there is a 
change in the linear scale of the data for output, 
measurement or overlay. All 'x,y' coordinates multi-
plied by scale factor. 
The ability to change coordinates from one projection 
to another to maintain accurate positioning between data 
sets referenced to or plotted on different geodetic 
bases. Usually mathematically derived conversion factors 
for different areas on the earth's surface. 

Create error-free digital 
polygon records. 

Create error-free line record. 

Code new parameters. 
Update parameters. 
Correct errors in record: _____ _ 
Labeling geographic features. 
Unique referencing of indi-
vidual entities for search or 
edit. 
More flexibility for data 
manipulation and comparison. 

Maintaining high standards of 
geodetic and coordinate 
accuracy between separate data 
files, or between distorted 
graphic and true image form. 

Reduce total number of digi-
tized points. 
Smooth polygon boundaries. 
Correct positioning on the 
printed media. 
Alignment to proper axis. 

Versatile display. 
Matching records derived from 
different scale graphic input. 
Enable overlay and merge. 
Allow plotting over different 
b.ase maps. 
Maintain high standards of 
geodetic and coordinate 
accuracy between separate data 
files. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~--~~~~~~~~~-

Location Identifier 
Conversion 
(Format Change) 

MEASUREMENT 

Linear 

Area 

Direction 

A group of programs to change the distribution and 
spatial configuration of data sets, usually to maintain 
continuity for analysis/display. Examples are line to 
grid, polygon to grid, and grid to polygon. 

These programs calculate the scalar and area qualities 
inherent in any spatial data entity. Since coordinates 
represent locations, simple geometrical algorithms 
sensitive to graphic/image scale differences are used 
to simulate manual measurement techniques. 
Measurement of simple, uncorrected straight line distance 
between the 'x,y' coordinates, or calculation of distance 
rectified to projection and to scale. 
Measurement of the area within a boundary. 

Calculation of compass bearing or degree deviation between 
any two 'x,y' coordinates. Can be relative to known 
direction or calculated from geodetic coordinates. 

Automates what normally would 
require manual data transfer 
before encoding. 
Allows combination of data 
with different location identi-
fiers. 
Point in polygon algorithms 
allow data surrmary. 

Centroid determination. 
Nearest neighbor analysis. 

Quantitative input into models. 
Statistical surrmary for inven-
tor . 
Engineering. 
Cadastral mapping and verifica-
tion. 
Routin . 

Source: Kenneth Gordon. "Environmental Data Handling in Geographic Infor-
mation Systems: An Evaluation Based upon a Study of Applications iu 
the Pacific Northwest States." M.S. thesis, Western Washington Uni-
versity, 1979, pp. 89-91. 
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Table A-2--continued 
Operation 

ME.ASUREMENT - continued 
Centroid 

SORT ING/MERGING 

Selective Retrieval -
Geographic 

Selective Retrieval -
Descriptor 

Merge Adjoining Maps 
(Edge Matching) 

Create New Files 

Integrate from Remote 
Files 

Contouring 

:OMPARISON 

Overlay-Union 

Overlay-Intersection 

Value Weighting 

Modeling 

Statistical Analysis 

E.xplanation 

IMAGE Of.TA MANIPULATION - continued 

The mathematical detennination of the geometrical center 
of a group of points rerresentinq a hounriar.v. 

DATA MANIPULATION - IMAGE AND DESCRIPTOR 

These are file maintenance programs. Sorting is the 
segregation of data based upon desired parameters. 
Merging is the combination of separate data sets into 
an integrated whole. 
These programs will produce a readout and/or mapped 
display of selected files based upon'a desired geo-
graphic area, or set of location idenhifiers. 

These programs will produce a readout and/or mapped 
display of selected files based upon any single coded 
attribute of the data, or set of descriptions. 

Piecing together of two or more parts of one digitized 
file representing one graphic record with a file repre-
senting adjacent graphic records. Requires matching/ 
merging coordinates for each entity whose border 
crosses the boundary, and rectifying scales, projec-
tions, etc. 
This program allows new files to be created from merged 
records and/or updated records. 

These programs allow transfer of data between periferal 
storage devices and the host computer, and the subse-
quent merge of this dat.a with the files being acted 
upon. 

The calculation and/or display of isolines representing 
classed variations in the variables. 

The use of data in either the ir.iage data set or the 
descriptor data set to determine some relationship between 
two or more data files and/or parameters based upon 
criteria derived from one or both data sets and/or 
parameters. Requires numerical and/or spatial comparison 
between data sets, search for appropriate relationships 
and listing/display. 
The additive combination of data sets fitting a desired 
criteria such that the final product contains the 
information of both. 
The mutually compatible combination of data sets fitting 
a desired criteria such that the final data product 
contains the i nforma ti on co111Tion to both. 

The assignment of a relative value to a data set or 
parameter in ratio comparison to others such that during 
analysis of the data that factor can be favored. 

Any of various algorithms or other equations to mathe-
matically simulate "real" conditions. 

A variety of different types of calculatable numerical 
relationships between or among su1T111arized values 
(e.g., mean, standard deviation). 
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Use 

Provide for easier contouring 
anrl thPmatic rerrPsPntation. 
Al low sµdtlal entitle~ to be 
represented by single points 
thereby reducing storage. 
Locating and labeling polygons.· 
Determine geometrical center 
of data clusters. 

Isolating areas for display or 
analysis. 
Base mapping. 
Orientation. 
Isolating data for display or 
analysis. 
Extracting data for t~bular 
SUl!ITiary. 
Locating areas with desired 
characteristics. 
Compositing graphic records. 
Allow encoding of data repre-
sented on two or more maps. 

Compositing data files. 
Re-classifying areas with 
multiple data input. 
Allows nominal and ordinal 
measurement comparison. 
Incorporating pre-encoded data 
such as census and/or LANDSAT. 
Sharing digital boundary and 
descriptor data with other 
a encies. 
Averaging point data. 
Creating interval measurement 
zones from ratio data. 
Thematic representation of 
volume. 

Computer assisted cartography. 
Viewing composit conditions for 
an area or entity. 
Route and site selection. 
Locating areas with desired 
characteristics. 
Point in polygon routines. 
Environmental analysis. 
Quantifying interrelated 
conditions. 
Route and site selection. 
Modeling and prediction. 
Hydrological models of flow, 
sedimentation, etc. 
Land use·allocation. 
Pollution dispersion. 
Quantifying spatial distribu-
tions. 
Providing values for modeling 
and/or Dre9_~ctio~. ___ _ 



Table A-2--continued 

Operation 

COMPARISON - continued 
Extreme Value Search 

Zooming 

Diagram and Chart 
Display 

Lettering 

Shading 

JD 

Digital Terrain 
Analysis 

Landsat Data Analysis 

TABLE 7 -- Continued 

Explanation 

DATA MANIPULATION - IMAGE AND DESCRIPTOR - continued 

Comparisons of records to determine which record and spa-
tial entity has the highest or lowest value of the desired 
parameter. 

GRAPHIC OUTPUT 

The expansion or contraction of ~he viewed image 
according to pre-determined incre~ents (normally on a CRT). 

Charts, graphs, diagrams, or other non-map products to 
represent the descriptive, analytical content of the 
spatial data. 

These programs are used to place alphanumeric symbols 
on graphic displays. The computer allows for differ-
ential size and placement of symbols. 
These programs use dot syni>ols or overprinting to pro-
duce graded gray scale shading in order to represent 
classes of data for ease of visual interpretation. 

Various programs which display surfaces in three 
dimensions so that the quantitative values of the data 
can be graphically represented with their spatial 
location. 

OTHER 

These programs cover a range of special applications in 
the analysis of surfaces. The special surface is relief, 
which is simply a form of digitized point data. 

Any of the software which allows satellite imagery to 
be classified, registered to the ground, and statisti-
cally or graphically analyzed. 
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Use 

Site and route selection. 
ldentifi cation .. oLseositi ve 
conditions. 
Allocating distributions. 

Display for edit. 
Differential scale mapping. 
Uncluttering display of multi-
feature base maps. 
Architectural renderings. 
Display of products of 
statistical analysis. 
En ineerin . 
Displaying •finished' graphic 
products, e.g., computer 
assisted cartography. 
Thematic representation of 
classed data providing a more 
distinct impression. 
Identification of different 
features or classes of features. 
Thematic representation of 
volume data values, projecting 
a striking graphic image. 

Relief mapping. 
Slope calculation. 
Perspective drawing. 
View determination. 
Routin . 
Land cover classification. 
Change monitoring. 
Satellite photo composit. 



data and system attributes. Software can remedy sc.ale differences, or 

change projection or coordinate reference, allow the location identifier 

to be altered and the data to be encoded or compared in different spatial 

formats. 
It is thus assumed that these and similar interrelationships determine 

the software which is implemented in any system, and that this is uniquely 

a function of the perceived needs of the system designers. 

\ 
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Appendix 2 

QUESTIONNAIRE 

(' 
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Organlul1on --------------- Respondent --------------- D•t• --------

1. Do you hive, 11"1! you developing, or have you prrvlous ly developed an AUTOMllTCO, GEOCOO[O DATA COLL£C110N, STORAG[ OR R[TRl[YAL 
SYSlEH, or an AUTOMATED CARTOGRAPHIC SYSTEH to srrvr all or part of your agency's Information (data) handling requirements? 

( ) YH ( ) No 

2. Ch•ck the sllgr of development of your syst•m: 
( ) System Is being dl'slgned. ( ) Syst""' Is oneratlonal.* 

( ) System Is operational, but dl'velopment stl 11 being carried ( ) System 1s being developed. 
( ) System was developed, but' not P!!,ll'!l!J.Y __ oper1tln9. out. 

J. Which of the following best descrlbl!S thl! f1mctlon (responsibllitln) of your agency, 
uses geocoded envlronmenlll lnfonn1tlon7 CHECK MOR[ THAN ON[ Ir APPROPRIATC. ( ! municipal land usl! planning i ) cadastral mapplnq 

i regional land us• planning ) 1utomated cartography 
) land inanagement ) pnvlronrrcntal protection 
) l"l!Sl!lrch ( ) other resource•• phnnlnq and 11111nagement 

4. Which of the following best describe your c~uter facllltlei.,7 

or the departl'l!'nt of your aoency which 

) spechl 1re1 planning (tr1nsport1-
tlon, hulth, rte.) 

) other (please specify) 

( ) own or l"l!nt and operatf' own computer f ! use\ private sector computer center ( l usr centr1l 9overn111P.nt computer center usr a university computer centpr 
( use 1nothrr department's computrr other (please specify)-----------------

5. 1. Are your capabllltlrs for edit, data analysis or qraphlc display thr product of 1 "packaged" program that "'as col!A'rclally 
obtalnrd7 

( ) Yes ( ) No 
b. If yes, please name the 1najor program(s). Identify their function (I.e., edit, display, statistical analysis, modellln9), 

and list their source. 
Name (Ac~ ~ Sourer 

c. Data proc!'ssing language------------------------------

6, The following quest ions "'la tr to thP tvpr of rQuip11w·nt which you usr. to nroc~\s your datn. Please rhrck the 1pproprl1tr boa 
or boaes. 

1. Computer: ( ) mini ( ) rr"in frame M.ike and model ------ _____ -----------------------
b. Storage: ( ) lrss than J~r. ( ) 17-64K ( ) ES-128K ( ) 129-~l?r ( ) 51J-1000k ( ) rrorr than IOOOK 
c. Pertferal Devices: ( ) ~Pyrunch ( ) Hanual digitizer ( ) Automatic line folloWP.r ( ) [lectrostatlc plotter 

( ) Scanner ( ) Off llnP disk ( ) Tares (rre-encodrd data) ( ) rlat bed plotter 
( ) CRl ( ) On-1 ine lenninal ( ) Hard copy trnnlnal ( ) Color plotter 

( ) Line Printer ( ) Orum plotter ( ) Other--------
d. Comments for clarification (l.r., If use mini for digitizing and rriacro for processing): 

7. Check the type of data which you process In your inform.itlon system. Indicate in t~e second colu....., the data elel"f'nts you auto-
matr yourself. In thl! third column, Indicate those eleoents which are Ql"E•n automated coordinate (digitized) oeograp•llc 
reference. In thr fourth colur.in, Indicate those elements that are analyzed in conjunction wl th environmental data within the 
system. 
~l.!.Jl'J>!. ~±utor:iat~ Computer GpocndPd Reference J nteract with [nvl ron,...nta l Cata 

) Census 
)Hea~t~h----------~-------------------------------

) 1conor-i c ) 7issess_o-e-=-,nt ____ _ 

!i~s-:J;1arr-~===------------------=-=--
1 lalidCover - -------------- -----! ~~~~~nc Ord1nan:---~~~=-~-~~~=~-~--- --------------

) "(!ijaTPro'jiPrty-!;i,scnpt1on~ -
)iojl_Og_raphy ----------
)Tinaliesources (~01lsJPiiTr'J.vl ______ -------
) Otner £nv1ronmenlaTL>ata(.ilr, water";-PTCT- --------------------------
) "OTIITTlliliisesi>PCTTYT-- -- -- ----- · 

8. Is the d1t1 which Is uHd Stl'red In the fo"" rif a data bank for your entirt' jurisdiction or study area7 
( ) Yes ) ho 

•continuously acquiring lnf,.nnatton and surplytna outrut re11ularly, or capablr of dolnQ so on a short-te..,,. project bHls . 
.. ~~\ource .. 1tr, watrr. t·tr.ner, "llnera1. "tc. 
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9. Are thp dall types •hlch arT grc,codrd uniform for this •hole •rea7 
( ) Yu ( ) No 

JO. Does your information syst~m provtdr computer n1•1'l"'d output? 
( ) Yu ( ) No 

JI. Is your system usPr friendly (I.e., are the functions conversationally dlrectl'd for ust by no~-rrogramers)7 
( ) Yes ( ) No 

12. Ho" frequent Is the drmand for use of the y~opro<.r\S ing systrm ••thin your agl'ncy? 

( ) Sl'ldom ( ) sorretlmes ( ) often ( ) vrry often ( ) cnnllnc1usly 

13. How freqUl'nlly h the data which h stored or proceHed t>y your lnfonnatlc" system uHd by agPncies outside your o"ganfzat1onl 
( ) never ( ) seldom ( ) S!Y'lPtlmes ( ) oftpn ( ) Vl'ry often 

J4. 1. Are records kept which drHril•r the rharactl'ristlcs of thP sourer data' 
( ) Yes ( ) No 

b. If so, which of thl' followlnq chAra<trrlHlo are lno,.n7 
( ) sourte 
( ) scale ! ) location (If sn,1r<P data 

) pl'r\nn who intrrpr!'lPd data 
( l f'l'r\on "ho rn1 on< d data 
( accuracy of snuru' data 

( ) nf'thoc of data lntrrprl'Utlon 
( ) ir.ap/co ·rdir.atl' precision 

15. What are the factors limltin9 thl' l'•l·••H1Pc1 u\p of your system for th"'._part·cular rurr-·'51' or oth, r purpl'SPS of your agency? 
(Please rank thl' thrl'e mnst '"'portant, giving the factor which is ITl(lS\ lir.ror.rtant a ranHng of";",) 

( ) ava 11 abil I ty of rnurrP date 
( ) data at a~proprhte scale 

tlrrP 
bud9et 

( ) data accuracy 

( ) availability of harctwarr. ! ) availability of \Oftwarp 
) technlcai staff e•perthe 
) l I mltl'd mandate base r.ap prpcfslor 

16. a. Do you havP any wr1ltl'n docur"'ntat Ion of your system? 
( ) Yrs ( ) No 

b. If so, which of the follu.,ing r•n ,vou provi<k? Dr~criptlon of: 

( ) hH.,..are ( ) data encodlnq fonnat/procedure ( ) data tyre (l.r., para"(?ter l'sts) 
( ) software ( ) data structure ( ) data aHess~nt proc!!'dures 

ArHR R£SPONDING TO TH[ RflolAINING QUESTIONS: 

17. Are there any significant features of your system or your plans for developing an information system "hlch •ere not covrred In 
this quest ioona I re and "hi ch. you 1<oul d 11ke to colll"l'nt upon7 

ni[ RU'AINING srt.CE IS lfll 10~ YOll~ (O~LNTS. 
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19. GEOGRAPHIC INFORMATION SYSTEM SOFTWARE 

This portion of the survey queries automated capabilities for processing geocoded 
data. Pl"ease fill out the appropriate sections pertaining to your lnfonnation system. 
Answer whether these capabil Illes are: 1) now operational In your system; 2) planned; 
3) would 1ss1st your nonnal operations If they were ava1lable to you. If the capa-
b111ty is part of your system, answer whether It was self-prograrrmed or acquired, 
whether you believe 1t to be transferable (docur.oented .rnd available) to other syst~""S. 
and whether It fs routinely used. 

en c 
- "O "O 
~ ~ ~ .. c ~ 

l 
{ 

OPERATION _----.-1_ __ ~- £ ~ 
SCALING ANO COORDINATE CONYERS ION 

!!!roving map distortion 
Scale" chanoe 
~ctTOrldlaiiQe 
ffl.5!!:.<ii.'!.~1.£!! 

EDIT ING 

----+-------

~~~~~~Yc~~~~~~·~ee-~-~~~~-~-s---·~---ii---~ 

.. 
0 

"O ... ., 
::::> .a 

"O 
... "" .. "&; f .! -=· :::r c: a- ... :::r 

u '- 0 cc ,_ a: 

t~~JJ~~=~,:s- -----------------
Th-1 nn in g_ 
La"tieTch~-n-e----------~--~ 
i'ci!iiOndelete -----------------
l"J(iC!f.!iallciiiorent ---------------
Donut hole 11s1andl recoqn!tion 
A"utom.iTic donut noie correcHon ___ ,__. __ _ 
Dafi.l'lleupda_t_e _____________ --~- -----------------

DATA MANIPULATION 
Selectlve retr1eva1 
selective retrieva 
File report 
Llnear·mea-surement :-----~-
AreaCaTCUlatlon ----+-
Perimeter calculation 
Merge adjoining maps 
Create new fi 1 esfromiiierCiedda ta 
Overlay (union) of separate data 
sets 
Overlay (1ntersection) of srpar.;J;te ' -- --·-----
data sets 
Window overlay ·---- ----.. -----------------
Line to grid conversion --·------------------
Po 1 yqon to qn d conversion ------------------
Grid topiiTiqonconver'Sion ______ ------------·--
Di re ct ion de termi na t 1 on Dls-tance-0Tp0Ty9on orpo;nt:·-----.. -- · -·-----·-----------
g~~r:~~l;'ii~~------+----
Wremevalue search ---
Contourino ----·-----·----
Stat i St lea r a na 1J. .. S

7 
-'j 5'--------+---

Tiitegi-a ted 1nput from reroote i 
fi I es 
lnt~ol at ion---------·- -

~~;~~=~~:~-~~:=~1;:. -~ ·: ~ :--~~--~~~--=~=-------· 

Respondent -------------------

Organfzat1on ------------------

System--------------------
Date -----

OPERATlO!f 
TOPOGRAPHY 

en c 
+' ... .. ., 
g 

"O ... c c 
"' a. 

f 
... 
CL 

! 1 e 
a. 
.... ., 

Elevation re ort 
~-caTcUl~at~i~on=---------1---------

AsPect calculation 
1 n ter-VTSThm tv 
Ora i na~e pattern 

GRAPHIC OUTPUT 

.., ., ., 

.;o 
D ... .., .. ~ 
., ., 

0 i :::r c 
r:r 
u .... "' 

'ro''-'""~ I 
01a9.ram display .. ____ _ 
DataaEDTav at any scale 

~~TaYOTSe ect ve a ers --·---------- ·---
p otting se ecte~ t.9.Pns n s ------=--~~==--==-Title and/or leqend 
Shad1 na 
View pe_r!.P!_ctlve ./- -----· --------
~:1!~~~d~,~~~~~~o~u~c-7t~nt~e-r~va'T""'----~---------
"S'hadeaersectfves ----=-~~ _ .. ___ · --

RO':elE-SENS ING RELATED (LANDSAT, etc.) 
Geometric correct ion 
Mao rea1stratton 
Spectral classif1cation (interactive) 
~tral classlTiCation(bulk) 
MasirngtOr - - - - -

OTHER (please fill fn) 

.__, 
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I. Background 

A. Respondent ---------------
8. Tour Orga_nlzatlon ------------
C. System--------

0. Date-----------------

20. DIRECTORY OF GEOCODED DATA 
TYPE/COVERAGE/CHARACTERISTICS 

H. What Is the fonn (location identl ff er) of the encoded ddta? 
( ) coo rd I nate pol nt 
( ) n!gular grid (cell) 
( ) irregular polygon 

( ) streets and addresses 
( ) cens•JS districts 
( ) political boundary 

II. A. Pleasr fndlclte on the rnap be!°" the approximate boundaries of the area for 
which an auto,.,atrd grobased data ftle exists. PleHe use one questionnaire per 
study, or per S)'!tem admin1sten!d by your agency. 

I. What Is tne sour~e o I Lile c11~u~eo -~ta: 
( ) field survey ( ) conventional air photoqr.1phy 

( ) LA'OOSAT 

111. 

B. How would you best describe the type of geograpnfc area for whic~ the geocoded 
data ls collected? 
( ) national 
( ) stlte 
( ) region 
( ) county 
( ) other polftlcal jurisdiction 

( ) resource manager-ent district 
( ) special project Hea 
( ) watershed or river basin 
( ) other (plea~e specify) 

Plene provide the following fnfonriation about 
map. the geoccced data ::lesiqnated on the 

A. Na~ of aru (geographic nari.!) -----

B. Size of are~ -------------
C. When wu original source data collected? ______________ _ 

D. When was data encoded?------------
£. How often Is data updUed7 --------------------
r. Upon which rnap projection fs data referenced? __ _ 
G. Upon which system of coordlnate reference Is the ground 

tied? location of the data 

( ) latitude/longitude • 
( ) state plane coo rd i na tes 
( ) UT'1 

public rectangular survey 
arbltrHy, X, 1 
other 

( ) field monitor 
( ) other remote SP.nserl ddta ( ) pub! !shed surveys and maps 

( ) tapes (pre-encoded data) 
( ) other (please spec! fy) _ --------

( ) interpretdtion of o!h!'r data ,.; th10 sys!"'" 

J. What Is the scale of the encoded dua? If vuiable, indicate ranqe. 

K. What Is the Hale of the outputed data? if variable, indicate rdnr,e. 

L. Wh,c is the accuracy of the encoded data? 

I. fst1mdted precision: -------
Z. If ·point data, iYerage sampling density: 
J. If line/arc, ninimun line length: ----

4. If cell or polygon, min111'um size:------------------

H. ~at fom does the outputed inromJttor:, tJke? 
( ) printed 1'1ap ( ) c~uter tape 
( ) interactlve display ( ) graph (plot) 
( ) s ta tis ti ca I SulTl!lary ( ) other 
( ) acetate overlay ------------- -- -- - - ----·- ---

N. Indicate data or llldps 
( ) geology 

computerized and given geore fer~nce. 
( ) vegetation ( ) ;Jrface hydrolo9y 

0. 

( ) topography 
( ) soil ( ) wfldlife ( ) <;r~und.iatcr hyJroloc;y 

( J air l'JUal ity ( ) cl il'."HC/weather 
( ) mineral resources 
( ) 1 and cover ( ) tii1'ber resources ( ) ..,.1ter resourc~s 

( ) land use I ) o"'nership ( ) socio/economic 

Indicate new data or maps created or corrposited. 
( ) proximity ( ! optimun location 
( ) statistics ( quality 
( ) capacity ( ) availability 
( ) habf tat ( ) change 
( ) other (please be speci fie) 

( ) development constraints 
( ) land classi ficatirn 
( ) acctssibilfty 
( ) cos 

I 
I 

P. Please describe briefly the purpose for encoding data for this area ( f .e .• 
proJect or datJ base pur;iose). 



21. DATA COLLECTION AND PREFERENCE 
Rtspondtnt 

Org1nt11tton --·-·--·---·-------- Sy'5tem ------- -------

Pleue fill out the followtng table concerning the typ!'s and chu-1cteristics of the data wtdch form ycur geci•oded data bue. 
Indicate lht-types of data that )'Dur system conhtns or your agency n-.ainta1ns tn d;gital form, and fndtcah 1he chanctertst1cs 
of thlt data un1que to your- geocod!d data bue. Jn l"liny tU!'S, the data characteristtc'5 a~ untform for all data tle~ntt. If 
thh ts the cue, you need not reput thh 1nfonnatfon for nch serinate data ele~nt. If you ;nd1cate a der.tre for data not 
now 1n your 1nfonnat1on system, please spec1fy the preferred characterhttcs of the data in the tl)•.es where you believe tt 
1pproprt1te. 

C1 Species 

II I c j Spatfal ··.onf1gurat ;on 

- .. i -~ I .. \ ~ 
· : ~ !! ·I .;~ : ~ 1 8 
~o ~ I u., I o I c i .. ~,, .. " -- .. w \=-f---=--- --!--+- - ,----+---

1 i i ' I _____ _ ----1---T----,--- -1-----; ____ _ 
---- ----,-- ---+-------; ___ J ______ ! ____ _;_ ---J----r-------

l I ; I ----- ---,---r- -1--=i=t=- F+- -~+ _--~---+=c--=r-T- =~---~1 __ _ 
--i-----i----~-----:-- i ==i --
=r=~--~=i=-=-~==--:-, -- ;=--= ___ ____J _____ _ 

I , I ___ _ 
---~------r,. 

i --------.------r-- -~------r-------
1 i ___ _ 

-~ --c c ~ c . ~~ 
~~~ 

~i .., .. t-; t 
~ ~~ -.! Data Vu·table .): ------

A. GEOLOGY 

A) Phys1ograph1c 1ren 

A2 Landscape features 

A3 Surf1c1al geology 

A4 Bedrock geology 
-----

B. TOPOGRAPHY 

81 Contour 
---·-· 

B2 Slope 
- --i:=-= 83 Aspect 

c. VEGETATION 
-

H C2 Co~unitin I ---
I I C3 Ecological zones r------ I 

I C4 Quality 1---r 
I C5 Quantity (density) I 

I Ct; Kinage~nt areas i 
c7 Suet!' SS ion I I --
Ce Ag• I --- - -----1-o. WILDLIH 

- ---------

I I ---i-----;- ____ _ 

. · ·· ~"";-----+- I ~=~;~~=]-:=_1---- -1- :: -:=-=~ -
i~ j Dz Quant1s====f=-=_j~~~=~: ______________ _: _________ _____J ____ _ 
! __ J __ ,l __ o_l QualH:_______ i ! ' ------------ _____ _ ' I ·1·-·------ ----· 

o4 Managf'ITW:'nt ______ _...!._ __ ._. ___ ..:.__ _____ ··--
1·-~1-- J 

l___j_ 05 Habttat _· ___ l ______ j_ -- _ ---·• ·----·--- _ 
' i L SURFA:E HY~ROLOGY j ! 

1 1 E1 Pollution sources ----1-----------~ 
I ·------·--

- I L_ lz Water body type ---J-- ----
i -- · --1 (J Volu'"<! -- --------,-- -- - --- -

~--~--;--"[.~~~c~c;~·;··--T--------· 

i--f·-·1 £5 ~atprst,eC: bo~r,darirs -1------·- 1 

; ; i Ee Ouality ____ J ___ T--- -- [~-~ :~~--~~---- ~[= 
:I-\ E7 Flood••g -,----- !. 

(~1--1~ __ :-Te_s1:;,-=~rd:~_:--- - j j 

- ·-- -- --,;.- ---

---------
' 

l -

124 

------,. --- -----

·--~--- ---~ -----

__ j_ __ _c~~:==~ 
I . , I -· ---------·--- - ·-

' --- J__ 



DATA COLLECTION AND PREFERENCE - Page 2 

I Spatill tonf1gu~<1itton 

~ ~ 'O I ~ e 
0 c "' ~ 

~--1-1-r_._GR_OUN_ow_A_T_ER_H_vo_Ro_L_OG_Y --·-t-----t--- t-___ _j ____ --- ___ , .. -F1 Pollution sources I I 
Fz Ouo 11 ty l.-. ·-- __ 

l---l--l--F-3-0u1-nt-1~-----+----+---+----il---j--.-~J--~,=-

F4 Recharge . L 
L--4~1--_:F5_D_1s_ch-1-r9-o-----+-----l----l------t----Tr==o-- . 

I 

,-- i I I I 15 Solar radht1on I 

I I J. RESOURCES 1--1 I 
I I J1 Tlnt>or 

T----;-----.-----r 
I , I \ i 

f& Woll locot1on g· I 
G. SOIL \ , 

~-!--1-_:_~-----+-~~,~--t-- ; l__L --+,~--';-:---

l---'--'-------+-:---,1-==+-I -j I I I 
1-J--+-__:_~~~~~-~--r~~----_j~ I I 

'1--+-+--_:__~~--+----+---+----~-=--_=t_-~ --==i·· I 

1--+--+----------t--: ·-I ~ -+ ~~-=J __ 
1---+-~------+--~ : 1- -i---,----+-_ 
l-~-r--l..:.4-Te-mp-er-al-u,.,,-----t----~-----; ---~ =r--1 ~== 

I 

61 Type 

6z Sertu 

' I I 63 Assoc1at1on 

I I G4 £ngineertng ch1r1ct1st1cs 

I 65 C1pob1l tty class 

I G& Productivity 
I i H. AIR I 

1-· --· I i J2 Mineral I I i i l_j __ ] ·-
JJ Wotor I I i l 
J4 Ur.1que areas. ! I I I I_~ I -----·----

------
i I I Js A;Jr,culture I l ' ' I -------.+·----- ·--- :. .. ----l -----

! 1 i I i ---i-----1---- -~----1· 1--t-----
i i I i I ! I , I ! 

I I I I ! . . I I 
I I I 
I I I 

K. LAND COl'ER 

OTHER (ploase specify) 
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22. INFORMATION SYSTEM/DATA USE 
Rrspondent ---------------Agency--------------- Date ---------

The following •rt uses for which your lnfoMT11tlon system or geocoded date base may be used. Pleau check whether your •~ency now 
usu tts synem for thh purpose, whether tt ts 1nt1c1pated that It may, or whether tt Is desirable. Then ind1Cah the char1c-
terhtlcs of the dill that •re rrost desirable for the use considered. If your agency uses Its Information 1.ystern for this 
purpon, phase Indicate whHher the oper1llon1. arr done by the system (automated) or by manual lnterprelltlon/rr.anlpulallon of 
the da ti oner tt Is outputed from the system. 

c .., 0 
c 

i~ 
0 c 

L 
.., .. 

0 .. .., - " 
0. 

..... ,, ... "' 0., .. 
~~ d 

u L .,_ ., .... " - 0 ! ... c c c ~ USE u .. c. 0 x. ~~ a..:> < "'L .,., u < 
Bur mapping 

Resource Inventory j' 

1---1---1--+-----------------+-----+--'------l------J-.-t--7"--------'---
I i Land class I fication 

Hodell Ing j I 
l-----l---l--~E-n_v_1ro_nme_n_u_1_1m_p_a_ct_a_ss_e_1._s_~_n_t ___ -+------f-------1------•-- --------~------
l----l--4--~L-•_n_ds_u_1·t_a_b1_1_1_ty_a_na_l_y_s_1s _______ -i----- -------i--------i- _________ _L __ _ 

Critical area planning and managP~-- -------- ------ __ _____ __ __ __ ___ __ --! 
Thematic 111app1ng (claBtfied data) I 
Trend projection 

Envl ron:rente I data bank (al las) 

Ur-ban dau bank (atlas) 

Cadastr1l mapping and verification l 
Route selection I 
Site selection l I I 
land use 11locatlon l I I 

~====!I,_--_ ---!,:_-_ -_ +,•_ A=l=r=q=u=•-l_l=t-y_ --ma=_n_a=9=e-~_ --n=t==---~-----~--~----~----1+_-_-_-_-_-_-_-_-_-~-_.+_-_-_-_-_-_-_-==:==========-1~, _-_--t I~--- t____ _ I _ 
----''--~--f-jw_a_te_r_q_u_a_1_ lt_y_ma_. _n_a9_r_m_en_t---------+--------Ji _____ j_ 1 I ~-----__J _____ _ 

I lwt1d11fe mana9emPnt I I ! I ~ ~ ! 
I I !Timber mana9P'l1l'nt I I ,----r--+--1-1-------,------

~---_-1 __ 1~==~1_A=9-r:1_c=u-l_t=u=r-1_1=-P:•_o=d=u-c_t=1=0-n:::::::::::::~,'===---====+11====================-r:-c~=~--7---- -I I iHuard ldrnttflcatlon . 

I ,, ... ( ...... """'1 1-1r----1- -
I I : I I 

I I 
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Appendix 3 

TABULAR INDEX TO QUESTIONNAIRE 
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AN OPEN LETTER OF EXPLANATION AND TRANSMITTAL FOR QUESTIONNAIRES 

COMPILED AS A RESULT OF A SURVEY ·OF DIGITAL GEOGRAPHIC DATA HANDLING 

ACTIVITIES AND ENVIRONMENTAL DATA COVERAGE IN THE PACIFIC NORTHWEST 

The questionnaires which are enclosed are the result of a survey of 

digital geographic data handling activiti~s and geographically referenced environ-

mental data coverage in the Pacific Northwest states (Idaho, Oregon, Washington). 

This file, an explanatory report of the research, and a preliminary directory 

of automated geoprocessing systems and geocoded environmental data coverage 

are the products of a research project funded under a University Consortium 

Agreement between collaborators at Western Washington University and NASA-Ames 

Research Center (Interchange NCA2-0R862-801). 

This file constitutes the original record from the survey, which was 

conducted during the summer and fall o~ 1978. The questionnaires appear in the 

condition in which they were received from the respondents. The questionnaire, 

a copy of which is attached, queries: 

a. hardware and software; 
b. system use; 
c. data content, characteristics, and preferences; 
d. data handling capabilities and preferences; 
e. extent of data coverage; 
f. system documentation. 

Sixty-seven responses ar€ documented. They represent questionnaires and litera-

ture received from federal, state, municipal, and corporate personnel. The 

completeness of response is varied. 

A descriptive index for th~ file of questionnaires is provided herewith. 

The index cites the questionnaires, in the order in which they appear in the 

file, by agency respondent and the name of the information system (where approp-
129 



riJte). Additional descriptive information is provided on the stage of 

development of the system, the completeness of response, whether a data 

directory was filled out as part of the questionnaire, and whether additional 

literature is enclosed. The stage of development indicates whether the system 

is operational, whether it is in a lesser stage of development, or whether it 

is being designed OF--e:ons i de red. A response with ref ere nee to a fully opera-

tional system will provide more infonnation on "what is" while a developing 

system response will have more informathrn on "what should be. 11 This also has 

a bearing in the completeness of the response. The continuum which is repre-

sented is from complete, to nearly complete, to partially complete, to 

incomplete. The availability of the data directory refers to the completion 

within the ·questionnaire of a page describing the coverage and characteristics 

of geographically referenced data. 

The index is designed to assist the reader select the questionnaires 

which are of interest. Complete questionnaires have more content than those 
. 

which are partially completed. The data directory describes data availability. 

The stage of development describes the mix of system documentation versus 

desire for system attributes. It thus may act as a selection guide. 

For each questionnaire, a surrunary has also been completed. The summary 

describes the stage of development, purpose of the system, completeness of 

response, geographic coverage, principal data types, form of location identi-

fier for the data (coordinate point, line, grid, irregular polygon), and other 

special characteristics. Among these characteristics are whether there.is 

documentation available, whether needs for data are reported, and whether needs 

for software are reported. The person to contact regarding the system which is 

described is also noted on the sunrnary fonn. 

This information is provided with the expectation that it will facilitate 

the use and exchange of the questionnaires. 
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Table A-3 
List of Completed Questionnaires in Order 

of their Placement in this File 

State Agencies 

1. State of Washington 
Department of Eco 1 ogy 

2. State of Washington 
Department of Natura 1 Resources 

3. State of Washington 
Department of Natural Resources 

4. State of Oregon 
Forestry Department 

5. State of Oregon 
Department of Revenue 

6. State of Idaho 
Transportation Department 

7. State of Idaho 
Department of Lands 

8. State of Idaho 
Department of Water Resources 

Regi ona 1 Governmenta 1 Agencies 

9. Puget Sound Counci 1 of 
Governments 

10. Puget Sound Counci 1 of 
Governments 

11. Municipality of Metropolitan 
Seattle (METRO) 

12. Mid-Willamette Valley 
Counci 1 of Governments 

13. Lane County Council of 
Governments 

Municipal Agencies 

14. Spokane County Planning 
Department 

15. Snohomish County Planning 
Department 

16. City of Tacoma Planning 
Department 

17. City of Salem 

Corporat i ans 

18. Puget Power and Light 

19. Battelle Northwest Laboratories 

20. Boeing Computer Services 

21. St. Regis Paper Company 

Coastal Zone Atlas and 
Information System 

CALMA Mapping Sys tern 

Gridded Resource lnventory 
Data System (GRIDS) 

Computer Assisted Mapping 
Sys tern (CAMS) 

Unnamed 

'EMPIRIC' Activity Allocation 
Mode 1 and As soc i a ted Data 
Files, Software and Hardware 

Map-Model 

Oregon Planning Sys tern 

Unnamed 

GBF/DIME 

Unnamed 

Geographic Base System 

Computer Assisted Map Infor-
mation System (CAMIS) 

Electric Plant Data Base 

Water and Land Resources 
Computer Faci 1 i ty 

Natural Resources Information 
System 

Federal Agencies Situated in the Northwest 

22. Bureau of Indian Affairs 
and 

Colville Confederated Tribes 

23. U.S. Department of the Interior 
Bureau of Land Management 

Natural Resources Information 
System 

Map-Model 

STAGE OF DEVELOPMENT 

Operational and still being 
deve 1 oped 

Operational 

Operational 

System being designed 

Operational and still being 
develo~ed 

Sys tern being deve 1 oped 

System being developed 

Sys tern being designed 

Operational and still being 
developed. 

Deve 1 oped, not now operating 

System being investigated 

Operational and still being 
developed 

Operational and still being 
developed 

Operational and still being 
developed 

Operational and still being 
developed 

Portions operational and 
still being developed 

Sys tern being deve 1 oped 

Portions operational, compre-
hensive sys tern being des 1 gned 

Operational and still being 
developed 

Opera ti ona 1 

Sys tern being designed 

Operational and still being 
developed 

Was developed, no longer 
operating 
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DATA 
COMPLETENESS DIRECTORY LITERATURE 
OF RESPONSE COMPLETED ENCLOSED 

Complete 

Complete 

Complete 

Incomplete 

Partially 
complete 

Partially 
complete 

Partially 
complete 

Complete 

Complete 

Complete 

Partially 
complete 

Complete 

Nearly 
complete 

Partially 
complete 

Complete 

Complete 

Nearly 
complete 

Complete 

Partially 
complete 

Partially 
complete 

Partially 
complete 

Nearly 
complete 

Partially 
complete 

Yes 

Yes 

Yes 

No 

Yes 

Yes 

No 

Yes 

Yes 

Yes 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

Yes 

Yes 

Yes 

No 

Yes 

Yes 

No 

Yes 

No 

Yes 

Yes 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 



Table A-3--continued 

STAGE OF DEVELOPMENT 

Federal Agencies Situated in the Northwest -- continued 

24. Bureau of Transmission Engi n-
eeri ng, Bonnevi 11 e Power 
Administration 

25. U.S. Army Corps of Engineers 
North Paciflc Division 

26. U.S.D.A. 
Forest Service, Region 

27. U.S.D.A. 
Agricultural Research Service 

federal Agencies Outside the Northwest 

28. U.S. Geological Survey 
Topographic Division 
Digital Applications Team 

29. U.S. Geological Survey 
Wes tern Mapping Center 

30. U.S. Geological Survey 
Western Mapping Center 

31. U.S. Geological Survey 
Geologic Division 

32. U.S. Geological Survey 
Mineral Resources Division 

33. U.S. Geological Survey 
Branch of Isotope Geology 

34. U.S. Geological Survey 
Geologic Division 

35. U.S. Geological Survey 
EROS Data Center 
Digital Applications Laboratory 

36. U.S. Geological Survey 
Geography ,Program 

37. U.S. Geological Survey 
Geologic Division 

38. U.S. Geological Survey 
Geologic Division 
Seismic Engineering Branch 

39. U.S. Geological Survey 
Geologic Division 

40. U.S. Geological Survey 
Conservation Division 

41. U.S. Geological Survey 
Geologic Division 

42. U.S. Geological Survey 
Geologic Division 

43. U.S. Geological Survey 
Water Resources Division 

44. U.S. Environmental Protection 
Agency 

45. U.S. Environmental Protection 
Agency 

46. U.S.D.A. Soil Conservation 
Service 

PERMITS 

CROHMS 

TRI 

Hydrological Data Bank 

Operational and still being 
developed 

Was developed, no 1 onger 
operating 

Operational and still being 
developed 

Operational and still being 
developed 

UCLGES - DLG-3 
CONED IT 

\ Operational and still being 
developed 

OCDI 

Di gi ta 1 Elevation Mode ls 
(DEM) 

Di gi ta l Line Graph 
(DLG) 

Geologic Retrieval and 
Synopsis Program (GRASP) 

Computerized Resources 
Information Bank (CRIB) 

Radiometric Age Data Bank 

Gravity projects 

LANDSAT System and associated 
data analysis subsystems 

Geographic Information 
Retrieval and Analysis Sys tern 
(GI RAS) 

Digital Image Processing 
System 

Earthquake Strong Motion 
Data System 

Rock Analysis Storage System 
(RASS) 

Geophysical Interpretive Aid 
System (GIAP) 

Well History Control System 
and 

Petroleum Data System 

WAT STORE 

National Water Data Exchange 
Hydrologic Unit Map Base 

STORET 

Storage and Retrieval of 
Aerometric Data (SAROAD) 

Conservation Needs Inventory 

Operational and still being 
developed 

Operational and stil 1 being 
developed 

Operational 

Operational 

Opera ti ona 1 

System is being developed 

Operational and still being 
developed 

Operational and still being 
developed 

Operational and still being 
developed 

Partially operational, still 
being developed 

Operational 

Operational and still being 
developed 

Operational 

Operational and still being 
developed 

Operational and still being 
developed 

Operational 

Operational and still being 
developed 

Operational 
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DATA 
COMPLETENESS DI RECTORY LITERATURE 
OF RESPONSE · COMPLETED ENCLOSED 

Nearly 
complete 

Nearly 
complete 

Complete 

Nearly 
complete 

Complete 

Complete 

Nearly 
complete 

Partially 
complete 

Partially 
complete 

Nearly 
complete 

Complete 

Complete 

Partially 
complete 

Nearly 
complete 

Nearly 
complete 

Nearly 
complete 

Complete 

Partially 
complete 

Partially 
complete 

Nearly 
complete 

Nearly 
complete 

Nearly 
complete 

Partially 
complete 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

Yes 

Yes 

Yes 

Yes 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

No 

Yes 

No 

Yes 

Yes 

Yes 

No 

Yes 

No 

No 

No 

Yes 

No 

No 

No 

No 

No 

Yes 

Yes 

Yes 

No 

No 



Table A-3--continued 

Federal Agencies Outside the Northwest -- continued 

47. U.S.D.A. Soil Conservation 
Service 

48. U.S.D.A. Soil Conservation 
Service 

49. Brookhaven National Laboratory 
Atmospheric Sciences Division 

50. U.S.D.A. Forest Service 

51. U.S.D.A. Forest Service 

52. U.S. Water Resources Council 

Advanced Mapping System 

Natural Resources Data System 

Point and Area Source 
Emissions Inventory 

Timber Management 

Resource Inventory Display 
System 

Second National Water 
Assessment 

STAGE OF DEVELOPMENT 

Operational 

Operational and still being 
developed 

Sys tern being de ve 1 oped 

Operational 

Operational and still being 
developed 

Mi see 11 aneous, Late, Incomplete, Confi denti a 1 or Wrongly Sampled Questionnaires 

53. Huxley College, Western 
Washington University 

54. Weyerhaeuser Company 

55. U.S. Bureau of the Census 

56. National Oceanographic and 
Atmospheric Admi ni s tra t ion 
National Oceanographic Data 
Center 

57. U.S. Geological Survey 
Pacific/Arctic Branch of 
Marine Geo 1 ogy 

58. Oregon Department of Water 
Resources 

59. Oregon Department of Fi sh and 
Wildlife 

60. Boise State University Center 
for Research ,Grants/Contracts 

61. U.S. Army Corps of Engineers 
Seattle District 

62. U.S. Army Corps of Engineers 
Portland District 

63. U.S. Geological Survey 
Geologic Division 
Wes tern Regi ona 1 Office 

64. U.S. Geological Survey 
Geologic Division 
Denver Office 

65. U.S. Geological Survey 
EROS Data Center 

66. COMA RC Design Sys terns 

67. City of Bellevue 

Huxley System 

Forest Inventory and 
Regeneration Data Base 

Pollution Abatement (;osts 
and Expenditures 

Genera 1 i zed App 1 i cations 
System, Parameter Inventory 
Display System 

Cruise Data System 

!DIMS 

System of Information 
Retrieval and Analysis for 
Planners (SIRAP) 

Digital Lands 1 i de 
Susceptabil ity Determination 

Oil Shale lnfonnation System 

B6700 

Unnamed 

Computer Based Mapping System 

Operational and still being 
developed 

Opera ti ona 1 

Operational 

Operational and still being 
developed 

Operational and still being 
developed 

Operationa 1 

No system being considered 

No system reported 

No sys tern reported 

Opera ti ona 1 

Operational, but not now 
operating 

Operational 

Operational and still being 
developed 

Operational 
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DATA 
COMPLETENESS DI RECTORY LITERATURE 
OF RESPONSE COMPLETED ENCLOSED 

Partially 
complete 

Nearly 
complete 

Partially 
complete 

Nearly 
complete 

Partially 
complete 

Nearly 
complete 

Nearly 
complete 

No No 

Yes No 

Yes No 

Yes No 

No No 

Yes Yes 

Yes No 

(Only sunmary sheet enclosed 
questionnaire to remain confidential) 

(Only sunmary sheet enclosed --
questionnaire to remain confidential) 

Nearly Yes Yes 
complete 
(Not 1 and based 
data) 

Complete Yes No 
(Not 1 and based 
data) 

Nearly Yes No 
complete 
(System is not 
used in-house) 

Incomplete 

Partially 
complete 

Incomplete 

Incomplete 

Complete 

Complete 

Complete 

Nearly 
complete 

No No 

Yes No 

No No 

No No 

Yes No 
(No coverage 
in region) 

Yes No 
(No coverage 
in region) 

Yes No 

Yes No 

(No questionnaire returned) Yes 
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Appendix 4 

KEY TO DESCRIPTIVE CHARACTERISTICS AND OPTIONS 

CODED FROM THE QUESTIONNAIRES 
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Table A-4 

Key to Descriptive Characteristics 

NUMOER 
VARIA13LE or CARD/ 

CHARACTERISTIC __l:IAM~- CHOICE~ COLUMN CODING SYMBOL INTERPRETATION 

IDENTIFICATION NUMBER ID 50 1/1,2 

BASIC RESPONSIBILITY OF AG RESP II 1/6 L Metropolitan Planning 
RESPONDENT 2. Regional Planning 

3. Land Management 
4. Mapping 
5. Environmental Protection 
6. Resource Planning and Management 
7. Special Area Planning 
8. Other 

TYPE OF GEOPROCESSING SYSTEM SYSTYPE 13 1/7 ,8 01. Data Base Maintenance 
02. Output Mapping - Grid 

\ 
03. Output Mapping - Image Production 
04. Information Retrieval - Point 
05. Information Retrieval - Line 
06. Information Retriev11l - Fixed Grid 
07. Information Retrieval - Vari11ble Boundary 
08. Information Retrieval - GBF/DIME 
09. Information Retrieval - Combined 
10. Integrated - Map Overlay 
11. Integr11ted - General Purpose 
12. Digital Terrain Model 
13. Other 

STAGE OF DEVELOPMENT STAGE 6 1/9 1. Operational 
2. Operational and Still Being Dev~loped 
3. Being Designed 
4. Being neveloped 
5. Being Investig11ted 
6. Operational, But No Longer Operating 

GEODEFINITION GEODEF 5 1/10 1. External 
2. lmpl i cit 
3. Explicit 
4. Combination 
5. Unknown or Unreported 

USER FRIENDLY UF 3 1/11 1. Yes 
2. No 
3. Unknown or Unreported 

USE OF VENDOR SUPPLIED OR VP 1/12 1. Predominant 
PACKAGED PROGRAMS 2. No 

:i. Pi!rti al 
TRANSFERABLE SOFTWARE TRANS 1/13 1. Predominant ., Partial c.. 

3. No 
4. Unknown or Unrerorted 

DERIVED MAPS AND ANALYSIS TWOLEV 1/14 I. Yes 
2. No 
:i. Unknown or Unreported 

INTEGRATION OF CULTUnAL DATA llOrNV 1/15 1. Ves 
WITH ENVInONM[NTAL DATA 2. No 

1. Unknown or Unr~rortr.d 

GnAPlllC LINE RE.PnODUCTION VIRT 1/16 l. Yrs 
CAPABILITY 2. No 

3. Unknown or Unreported 

FORM OF GEOCODING GEO COO 8 1/17 1. Grid 
2. Polygon 
3. Gl3F /DI ME 
4. Point 
5. Line 
6. Extern11l Index 
7. Integrated 
8. Unknown or Unreported 

MAINTAIN DATA BASE OB 1/18 1. Yes 
2. No 
3. Unknown or Unreported 
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Table A-4--continued 

NUMBER 
VARIABLE OF- CARD/ 

CHARACTERISTICS NAME CHOICES COLUMN CODING SYMBOL INTERPRETATION ----
FUNCTIONS OF AGENCY /IP 11 1/20-30 
(Multiple Response) 

Municipal Land Use Planning Ar 01 2 1/20 
Regional Land Use Planning AP 02 2 1/21 1 = Yes 
Land Management AP 03 2 1/22 Blank ,,. No 
Research AP 04 2 1/23 
Cadastral Mapping AP 05 2 1/24 
Automated Cartography AP 06 2 1/25 
Environmental Protection AP 07 2 1/26 
Resource Planning and AP 08 2 1/27 Management 
Special Area Planning AP 09 2 1/28 
Multiple Purpose AP 10 2 1/29 
Other AP 11 1/30 

MAP PROJECTION MP 1) 1/32-42 
Orthographic MP 01 2 l/32 l = Current 
Gnomonic MP 02 2 1/33 2 = Desi red 
Lambert Azimuthal MP 03 2 1/34 
Lambert Conformal MP 04 2 1/35 
Albers MP 05 2 1/36 
Polyconic MP 06 2 1/37 
Mercator MP 07 2 1/38 
Transverse Mercator MP 08 2 1/39 
Multiple MP 09 2 1/40 
Other MP 10 2 1/41 
Not Reported MP 11 2 1/42 

COORDINATE REFERENCE CR 8 1/44-51 
Latitude/longitude CR 01 2 1/44 1 = Current 
State Plane Coordinates CR 02 2 1/45 2 = Desired 
UTM Coordinates CR 03 2 1/46 
Public Rectangular Survey CR 04 2 1/4 7 
Arbitrary 'x,y' CR 05 2 1/48 
Multiple CR 06 2 1/49 
Other CR 07 2 1/50 
Not Reported CR 08 2 1/51 

LOCATION IDENTIFIER LI 10 1/53-62 
Coordinate Point LI 10 2 1/53 1 = Current 
Regular Grid LI 02 2 1/54 2 = Desi red 
Irregular Polygon LI 03 2 1/55 
External Index LI 04 2 1/56 
Streets and Addresses LI 05 2 1/57 
Census Districts LI 06 2 1/58 
Political Boundary LI 07 2 1/59 
Multiple LI 08 2 1/60 
Variable LI 09 2 1/61 
Not Reported LI 10 2 1/62 

SCALE 1 SCALE 8 1/64-71 
Very Large SCALE 01 2 1/64 1 Current 
Large SCALE 02 2 1/65 2 Desi red 
Medium SCALE 03 2 1/66 
Medi um-Sma 11 SCALE 04 2 1/67 
Small SCALE 05 2 1/68 
Very Smal 1 SCALE 06 2 1/69 
Variable SCALE 07 2 1/70 
Not Reported Sr:llLE "on 2 1/71 

PRECISION2 PREC 5 1/73-77 
High PHEC 01 2 1/73 1 Current 
Good PREC 02 2 1/74 2 Desi red 
Moderate PREC 03 2 1/75 
Poor PREC 04 2 1/76 
Not Reported PREC 05 2 1/77 

RE SOL UT ION 3 RES 7 2/6-12 
Very Fine RES 01 2 2/6 Current 
Fine RES 02 2 2/7 Desi red 
Medium RES 03 2 2/8 
Coarse RES 04 2 2/9 
Very Coarse RES 05 2 2/10 
Variable RES 06 2 2/11 
Not Reported RES 07 2 2/12 

(Notes at end of table) 
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Table A-4--continued 

NUMBER 
VARIABLE OF CARD/ 

CHARl\CTERI STICS NAME CHOICES COLUMN CODING SYMBOL INTERPRETATION 

UNITS OF DATA COVERAGE ucov 11 2/14-24 
National ucov 01 2 2/14 1 = Current 
State ucov 02 2 2/15 2 = Desi red 
Region ucov 03 2 2/16 
County ucov 04 2 2/17 
Other Political ucov 05 2 2/18 
Resource Management District ucov 06 2 2/19 
Special Project Area ucov 07 2 2/20 
Watershed or River Basin ucov 08 2 2/21 
Multiple ucov 09 2 2/22 
Other ucov 10 2 2/23 
Not Reported ucov 11 2 2/24 

UNITS OF DATA COMPOSITE UCOM ' 19 2/26-44 
Counties UCOM 01 \ 2 2/26 1 = Current 
Watersheds UCOM 02 2 2/27 2 = Desired 
Special Project Areas UCOM 03 2 2/28 
Neighborhood UCOM 04 2 2/29 
Census Tract/District UCOM 05 2 2/30 
Local Improvement Di strict UCOM 06 2 2/31 
Block UCOM 07 2 2/32 
Management/Administrative UCOM 00 2 2/33 

Unit 
Map UCOM 09 2 2/34 
Section or Township UCOM 10 2 2/35 
Zoning District UCOM 11 2 2/36 
School District UCOM 12 2 2/37 
Hazard Areas UCOM 13 2 2/38 
Fire/Police District UCOM 14 2 2/39 
Legisistive District UCOM 15 2 2/40 
Open UCOM 16 2 2/41 
Open UCOM 17 2 2/42 
Variable UCOM 18 2 2/43 
Not Reported UCOM 19 2 2/44 

SOURCE SOURCE 11 2/46-56 
Field Survey SOURCE 01 2 2/46 1 = Current 
Field Monitor SOURCE 02 2 2/47 2 = Desi red 
Published Surveys and Maps SOURCE 03 2 2/48 
Pre-Encoded Data SOURCE 04 2 2/49 
Conventional Air Photography SOURCE 05 2 2/50 
LANDSAT SOURCE 06 2 2/51 
Other Remote Sensed Data SOURCE 07 2 2/52 
Interpretation of Other SOURCE 08 2 2/53 

Data in the System 
Multiple SOURCE 09 2/54 
Other SOURCE 10 2/55 
Not Reported SOURCE 11 2/56 

DATA TYPE (GENERAL) DG 17 2/58- 74 
Census DG 01 2 2/58 1 = Current 
Health DG 02 2 2/59 2 = Desi red· 
Assessment DG 03 2 2/60 
Trans porta t 1 on DG 04 2 2/61 
Land Use DG 05 2 2/62 
Land Cover DG 06 2 2/63 
Zoning DG 07 2 2/64 
Housing Dr. on 2 2/65 
Codes and Ordinances DG 09 2 2/66 
Legal Property Description OG 10 2 2/67 
Utilities DG 11 2 2/68 
Topography DG 12 2 2/69 
Land Resources DG 13 2 2/70 
Other Environmental Data DG 14 2 2/71 
Variable DG 15 2 2/72 
Other DG 16 2 2/73 
Not Reported DG 17 2 2/74 

RESIDENCY STATE 6 2/76 1. All 
2. Idaho 
3. Oregon 
4. Washington 
5. Combination of Two Above 
6. Other 
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Table A-4--continued 

NUMRER 
VARIABLE OF CARD/ 

CHARACTERISTICS NAME CHOICl;l COLUMN CODING SYMClOL INTERPRETATION ----
DATA HANDLING SOFTWARE SW 73 3/6-78 

Digitizing SW 01 2 3/6 1 = Current 
Identify Closure Error SW 02 2 3/7 2 = Desi red 
Correct Closure SW 03 2 3/8 
Identify Sliv.ers SW 04 2 3/9 
Correct Slivers SW 05 2 3/10 
Island Recognition SW 06 2 3/11 
Island Correction SW 07 2 3/12 

Format Change SW 08 2 3/13 
Thinning SW 09 2 3/14 
Polygon Delete SW 10 2 3/15 
Data File Update SW 11 2 3/16 

Cartographic Edit SW 12 2 3/17 
Label Change SW 13 2 3/18 
Modify Alignment SW 14 '~ 3/19 

Spatial Rectification SW 15 3/20 
Removing Map Distortion SW 16 2 3/21 
Scale Change SW 17 2 3/22 
Projection Change SW 18 2 3/23 
Coordinate Conversion SW 19 2 3/24 
Location Identifier Con- SW 20 2 3/25 

vars 1 on 
Line to Grid SW 21 2 3/26 
Polygon to Grid SW 22 2 3/27 
Grid to Polygon SW 23 2 3/28 

Location and Segregation SW 24 2 3/29 
Centroid SW 25 2 ,3/30 
Contouring SW 26 2 3/31 

Measurement SW 27 2 3/32 
Linear SW 28 2 3/33 
Area SW 29 2 3/34 
Perimeter SW 30 2 3/35 
Direction SW 31 2 3/36 
Distance SW 32 2 3/37 

Sorting/Merging SW 33 2 3/38 
File Report SW 34 2 3/39 
Selective Retrieval (Geo- SW 35 2 3/40 

graphic) 
Selective Retrieval (Des- SW 36 2 3/41 

criptor) 
Merge Adjoining Maps SW 37 2 3/42 
Create New Files SW 38 2 3/43 
Window Overlay SW 39 2 3/44 
Integrate from Remote Files SW 40 2 3/45 

Comparison SW 41 2 3/46 
Overlay (Union) SW 42 2 3/47 
Overlay (Intersection) SW 43 2 3/48 
Value Weighting SW 44 2 3/49 
Modeling SW 45 2 3/50 
Extrapolation SW 46 2 3/51 
Interpolation SW 47 2 3/52 
Statistical Analysis SW 411 2 3/53 
Extreme Value Search SW 49 2 3/54 

Topography (Digital Terrain) SW 50 2 3/55 
Elevation Report SW 51 2 3/56 
Slope Calculation SW 52 2 3/57 
Int<' rv i s i bi 1 i ty SW 53 2 3/511 
Aspect SW 54 2 3/59 
Urainaye SW 55 2 3/60 
Cross-section SW 56 2 3/61 
View Perspective SW 57 2 3/62 

Diagram Display SW 58 2 3/63 
Scaling SW 59 2 3/64 

Zooming SW 60 2 3/65 
Selective Layer Plotting SW 61 2 3/66 
Data Display at any Scale SW 62 2 3/67 

Cartographic/Thematic SW 63 2 3/68 
Title/Legend SW 64 2 3/69 
Shading SW 65 2 3/70 
Contour SW 66 2 3/71 
3-D sw 67 2 3/72 

Remote Sensing SW 68 2 3/73 
Geometric Corrections SW 69 2 3/74 
Map Registration SW 70 2 3/75 
Spectral Classification SW 71 2 3/76 

(Interactive) 
Spectral Classification SW 72 3/77 

(Bulk) 
Masking for Data Surrmary SW 73 2 3/78 
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Table A-4--continued 

NUMBER 
VARIABLE OF CAHO/ 

CHARACTERISTICS NAME CHOICES ~OLUMN CODING SYMBOL INTERPRET AT ION 

DATA TYPE (ENVIRONMENTAL) DE 2 4/6-23 
Geology DE 01 2 4/6 1 = Current 
Topography DE 02 2 4/7 2 = Desired 
Vegetation DE 03 2 4/8 
Wildlife DE 04 2 4/9 
Surface Hydrology DE 05 2 4/10 
Groundwater Hydrology D[ 06 2 4/11 
Soil Type DE 07 2 4/12 
Soil Interpretation DE 08 2 4/13 
Air DE 09 2 4/14 
Climate/Weather DE 10 2 4/15 
Timber Resources DE 11 2 4/16 
Mineral Resources DE 12 2 4/17 
Water Resources DE 13 ',2 4/18 
Unique/Sensitive Areas DE 14 2 ·4/19 
Land Cover DE 15 2 4/20 
Variable DE 16 2 4/21 
Other DE 17 2 4/22 
Not Reported DE 18 2 4/23 

FACTORS LIMITING SYSTEM USE LF 3 4/25-36 
Availability of Source Data LF 01 3 4/25 1 =Highest Limitation 
Data at Appropriate Scale LF 02 3 4/26 2 = Next Highest Limitation 
Availability of Hardware LF 03 3 4/27 3 = Next Highest Limitation 
Availability of Software LF 04 3 4/28 
Technical Staff Expertise LF 05 3 4/29 
Limited Mandate LF 06 3 4/30 
Time LF 07 3 4/31 
Budget LF 08 3 4/32 
Base Map Precision LF 09 3 4/33 
Data Accuracy LF 10 3 4/34 
Other LF 11 3 4/35 
Not Reported LF 12 3 4/36 

SIZE OF COVERAGE SIZE B 4/38 1. Greater than 100,000 mi2 
2. 10,000 mi2 - 100,000 mi2 
3. l,000 mi2 - 10,000 mi2 
4. 100 mi2 - 1,000 mi2 
5. 10 mi2 - 100 mi2 
6. Less than 10 mi2 
7. Not Reported 
B. Variable 

COMPUTER MAPPING CAPACITY MAP 4/40 1 = Yes 
Blank = No 

PACKAGED SOFTWARE SWPAC 4/42 = Yes 
= Not Known 

SYSTEM APPLICATIONS SYSU 23 4/44-66 
Base Mapping SYSU 01 2 4/44 Current 
Resource Inventory SYSll 02 2 4/45 Desired 
Land Classification SYSU 03 2 4/46 
Modeling SYSU 04 2 4/47 
Environmental Impact Assess- sYc;u 05 2 4/48 

ment 
L~nd Suitability An~ly~is SYSll 06 2 4/119 
Critical Area Planning SYSIJ 07 2 i\/50 
Thematic Mapping SYSll Ofl 2 4/51 
Trend Projection SYSU 09 2 4/52 
Environmental Data Bank SYSU 10 2 4/53 
Urban Data Bank SYSU 11 2 4/54 
Cadastral Mapping SYSlJ 12 2 4/55 
Route Selection SYSU 13 2 4/56 
Site Selection SYSlJ 14 2 4/57 
Land Use Allocat~on SYSLI 15 2 4/58 
Air Quality Management SYSlJ 16 2 4/59 
Water Quality Management SYSll 17 2 4/60 
Wildlife Management SYSU 18 2 4/61 
Timber Management SYSU 19 2 4/62 
Agriculture Production SYSlJ 20 2 4/63 
Hazard Identification SYSU 21 2 4/64 
Other SYSU 22 2 4/65 
None Reported SYSU 23 2 4/66 
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Table A-4--continued 

NUMBER 
VARIABLE OF CARD/ 

CHARACTERISTICS NAME QlOICES COLUMN CODING SYMBOL 

DERIVED MAPS AND ANALYSIS ANAL 12 4/68-7g 
Proximity ANAL 01 2 4/68 1 = Yes 
Statistics ANAL 02 2 4/6g Blank = No 
Capacity ANAL 03 2 4/70 

ANAL 04 2 4/71 Optimum Location 
Quality ANAL 05 2 '4/72 
Availability ANAL 06 2 4/73 
Change ANAL 07 -f- 4/74 
Development Constraints ANAL 08 2 4/75 
Accessibility ANAL og 2 4/76 
Cost ANAL 10 2 4/77 
Other ANAL 11 2 4/78 
Not Reported ANAL 12 2 4/79 

" \ 
~ 

1scALE 
Very Large -- less or equal to 1:2,400 
Large -- greater than 1:2,400 and less than or equal to 1:24,000 
Medium -- greater than 1:24,000 and less than or equal to 1:100,000 
Medium-Small -- greater than 1:100,000 and less than or equal to 1:250,000 
Small -- greater than 1:250,000 and less than or equal to 1:1,000,000 
Very Sm;!ll -- greater than. 1:1,000,000 

2PRECISION 
High -- greater than or equal to gar. 
Good -- greater than or equal to 751 and less than 90% 
Moderate -- greater than or equal to 50% and less than 75% 
Poor -- less than 50% 

3RESOLUTION 
Very Fine 
Fine 
Medium 
Coarse 
Very Coarse 

Linear 
Less than or equal to 2 ft. 
Greater than 2 ft. and less than 40 ft. 
40 ft. to and including 100 ft. 
Greater than 100 ft. and less than 1,000 ft. 
Greater than 1,000 ft. 
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Area 
1 acre 
1 to 5 acres 
5 to 40 acres 
40 to 640 acres 
Larger than 640 acres 

INl ERPRETATION 
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Appendix 5 

NUMERICAL TABULATIONS OF THE DATA FROM THE QUESTIONNAIRE RESPONSES 

GROUPED BY SYSTEM TYPE AND BASIC RESPONSIBILITY OF THE RESPONDENT 
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Table A-5 

Numerical Tabulation of Applications and Analyses Operating 
and Desired by Each Type of System User 

INTERPRETATION 
Table cells give the number of , 
recorded responses within each group. 
For questions with the optional 
choices of 'operating' and 'desired', 
the upper number Is the number now 
operating and the lower ls the sum 
of those 'operating' and 'desired'. 
The difference between the top an1 
the bottom number Is the nu~ber of 
desired but not operating charac-
teristics. The total sa.,,ple size 
ts in parenthPses. 

BASIC RESPONSIBILITY OF RESPONDENT: 
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Mapping (6) 
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Table A-6 
Ntnnerical Tabulation of Data Handling Software Operating 

and Desired by Each Type of System User 

INTERPRETATION Editing Spatial Rectification Measurement Sorting/Merging Comparison Graph le Output Other 
Table cells give the number of f ~ .. recorded responses within each :J .. ' .. .. > .... group. For questions with the 0 ·- u: "' u v; c c a. .. optional choices of 'operating' and 0 0 c c :; c ·- 0 I I .. 0 .. .... 'desired', the upper number Is the ...... .. 0 ... ·- .. :µ .. .c c; >. ·-u u .. c o·- .. "' .. - ';;; g - u - .. number now operating and the lower f f 0 0 .... .. c "' "' u .. .. "' >. .... - .... c ·- c > > .. .. >. "' .... c -Is the sum of those 'operating' and .. .. .. .... .... .,.., ... i!! ... c ·e .. .. "' IX .. - .. .. < "' 'deS"I red' . The difference· between 0 0 ... ·- "' c c> ·- - c L: L: .. c .. "' "' 11'1 "' c u u "' Q N Ill "'c .. f Ill .. .. - E 0 .. c c .c ..... < 
the top and the bottom number is the "Cl .c 0 c .... .... ... "' u:: e ·- .... ·- c( .. LI .. "Cl "Cl c. c. - c .. LIU .. :J .. ~ ~ .. .. c c c ... :J ·- "' "Cl 
number of desired but not operating c c ::> "' "' "' "' "Cl "' .. "" "" ..... ::> - .c '; '; "Cl - ... .. 

"' ... :E: .. - c c .. - "' :J Q u .. .c :s "" °' c .. "' ... 
characteristics. The total sample .. .. - "' 0'"' c -l ~ c: .,._ .. 0 u .. .. c ' I - u > "' °' "' Q .. 

~ >. - °' ... c < .c ·-"' co 0 "Cl >.c ,. ... .... z ... ·;::: .. "' :: I!! 
c 0 

size Is In parentheses. ... ·- c c 
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2 r J 2 z r I J J J J if 2 5 5 5 l 2 5' l J 2 J r I 2 l ! I 

Land Management (5) 1 1 1 1 1 2 1 2 1 2 1 2 1 3 3 1 1 2 2 2 0 1 2 1 
2 I J 2 r 2 r 2 2 3 2 J r l l l T J 2 2 r r z I 1 

-
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Table A-7 
Numerical Tabulation of Data Types Used and Desired by Each Type of System User 

. I I ' 

INTERPRETATION I I I 
Tab 1 e ce 11 s give the number of 1 I 
recorded responses within each VI I 
group. For questions with the :5 1 ::; 
optional choices of 'operating' :;::; .:l I ~ 
and 'desired' , the upper number .~ cg 1 V> >. ex: 
is the number now operating and ~ t; ~ 1 ~ g' c: ,_ ~ 
th 1 1 th u "' "' I >- o GJ ·~ e ower s e sum of those _, c: GJ · ..., """ » 0 ·~ .i:: "' .., I 
I ti I d 'd . I ex: "' 0 c: I "' ... .... .... "' QJ opera ng an es 1 red . The er:: c: !!;! ex: o -o "' "' GJ u "' VI 

difference between the top and ~ :5 :;; ;;- ~ c: I !;;: 'O ~ ~ ~ ~ 5 ~ g 
the bottom number is the number ti! .., .5 ~ ~ e ~I 0 -6 1- ~ -o 5 :i: 5 V> ~ 
of desired but not operating , ~ .:l ~ -o 8" .,, ~ 5 ·; t 1 c;! ~ :5 ~ ~ GJ ~ ~ ~ ~ :;: ~ ~ t h ti' QJS...QJ> cs..a.10.V')C:QJ OIJ- o.•,...QJ rao..µ o:: QJta>aJ o 
c arac er sties: The total ~ V') .c ~ g_ ~ 8 en gt ra o.. ~ ~ ~ UJ :c; ~I ~ ~ ~ ~ ~ ~ ~ ~ c ~ L. ,,, o:: 111 8 D ~ 
sample size is in parentheses. e>. => ..., "' "' c: "' ~ ·~ en '- "' 1- er:: ::F:: o "' .., ~ "' c: "' GJ '- '- => "' '- o:: ~ ~ ";:;; ~ ~ ] -g 'C ~ ~ :g, g_ ~ ~ "t: ~ .., I ~ 0 g_ 8' ~ t 5 :;:: .,.. s.. ·~ ~ ~ ~ ·~ ~ 't: ~ _..., 

QJ cv vi s.. ra ra o o o QJ +' o ra .., ra .., o I o:: QJ a GJ .,.. :J s... o o .,... ,_ .,... .,... ra c ra ra +.J o 
~ U X ~ J- ~ ~ N X U ~ ~ J- ~ 0 > 0 Z - ~ J- > 3 ~ ~ ~ ~ ~ U J- ~ 3 ~ ~ > 0 Z 

BASIC RESPONSIBILITY OF RESPONDENT: !;( I ~ / c I w 
I 

Metropolitan Land Use Planning (4) l !. !. £ !. £ £ !. !. !. £ !. £ !. : 1 .Q. 1 0 1 0 0 0 1 1 1 1 1 1 
4 2 1 4 1 4 4 3 1 1 2 1 4 1 1 r 2 r r r r r r r r r r r 

Regional Land Use Planning (5) 1 !. fl 3 2 1 1 £ 4 l 4 : l l 0 0 l 0 4 3 0 2 0 O 2 4 3 l 4 3 2 r 2 4 r 4 1 2 3 r r z-. 2 4 3 r 2 r r 3 s 
Land Management ( 5) 1 3 4 3 3 4 3 ! : 2 3 3 l 3 l 4 3 2 4 l . o 2 3 4 r 4 4 J J ~ 3 s 1 2 3 4 r 3 r s 4 3 ~ 2 r 3 4 ~ 

Mapping (6) !. 2 3 !. l l £ l 2 2 5 2 : 2 0 1 2 1 1 2 1 
12311 12122 52 1 2T 2 2 I T3 

Environmental Protection (3) !. l !. l l l : !. .Q. .Q. £ .Q. !. 1 0 1 1 1 11 1311 1 1 112 lI r rrrr 
Resouce Planning 04 ) !. ~- i l !. l ~ !!_ ~ ~ : l £ 5 7 3 5 5 3 4 3 3 o 5 11 2 
and Management I 4 5 2 l 2 6 9 6 6 2 I 4 3 6 8 4 6 6 4 4 4 4 2 6 12 3 

I 

Special Area Planning (2) !. £ l l l !. l £ : !. !. !. !. l I 1 1 I 1211 11T2 1 l 111 l; r rr1 

Other ( 11) 1 !. !. !. 1 £. £. !. !. !. !. 1 £. ~ ~ !!. 1 1 ~ £. 1 1 3 1 2 2 1 0 1 2 O 1 2 7 6 
3 1 1 i 3 2 2 1 1 1 1 3 2 6 s 0 : 7 3 r r 3 r 2 2 r 2 2 3 r r 1 9 1 

Total (5o) 9 !. ! !!. 20 ~ 7 i £. JL 4 13 21 23 28 17 3 1 14 12 11 3 19 5 17 14 3 7 91· 815 4 14 31 11 
10 1 s 8 25 18 TO 6 2 11 4 14 23 N TI' TB : TB 16 16 6 22 9 20 TB 4 IT 12 IT 8 9 TB 37 TI 3 I 
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Table A-8 
Numerical Tabulation of Data Characteristics Reported and Desired by Each Type of System User 

--- -i-·r· -I I 
liffERPRETATION I I 

Table cells give the number of IC I I recorded responses within each I Cll >, "' I ..c .E ..c ..... 
For questions with the I J: VI a. "' I group. ·a. "' Cl 

optional choices of 'operating' OJ 1-0~ • .E "' ... "' ... I 
> OJ OJ CT :::E: "' ..... 

and 'des ired' , the upper number 0 
,....,_.,, .E 0 "' Cll I 

~ 
... ..o -0 ..... Cl ..c 
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•r-VtO "' ·5 ·5 "' ..c -0 Cl 
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.! VI 0 • Cl VI VI VI ... I 'operating' and 'desired'. The I OJ a.o 0 .E >, "' ... c 0 
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difference between the top and w ... I .... 0 VI VI > "' VI c: I "' <!> 0 w 0 0 ... ... Cl 0 =I: lo 
the bottom number is the number ;;'! I<!> c 0 0 CT Cl -0 >, 0 " Cll ·~ °i: I Cll -0 OJ 

c c:( "' 
.... 0 0 VI .... ~,"" Cll 

..... VI -0 "' ..... ..... ..... Cll ~ ..... OJ OJ 
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'"' ..c 

.... 0 OJ c: ~ "' t 1-; >, "' ..... , .., "' VI ..... 
> 0 :;:; w ..... 0 0 c "- ~ ~ c -0 -0 0 ..... ... ~Cll I- ... 

characteristics. The total 0 ..... IE; ._ ..... 0 .... 0 "' QJ 010:::1 ~ OJ 0 :;:; & E Cll g_1~ OJ -0 o I c: -0 "' OJ 0 
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~ 
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0 ~ a. 
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Lo.. 0 0 ..... 0 0 ..... 0 -0 OJ OJ VI ... ... :::; ... ... a: - VI "' er 
0..C "' .s::: Ll ,..... "' q 0 ..... VI ·s:::· ....., I w 'ii Qi :;::; I > -0 OJ Cll 1! .µI~-§, OJ OJ ... ...,15 i'.'.' OJ OJ ... i'.'.' ·;::::: +.J 

"' E VI E ~ 0 OJ 0 0 VI E c c: ..c ..... '; -0 ..... 0 c: .... "' W-0 "' 0 :i: lw t5 ~ 0 0 OJ ~ ~l~u: L:: " 0 "' ..... c ..... 01-·.- ~ .= 0 ~IC:~ L:: c: 0 OJ "' 0 
u- 0 3 u .... .... .... ...... Cl. Cl. u ...... 0 - :::E: 0 zl~:>: Cl. u > > z: 
C( IN I=> I vi 
...... 1:ii 

0 w 
BASIC RESPONSIBILITY OF RESPONDENT: Cl. I vi 10.. . I a: 

' ' I I ---

(4) I I 2 I 3 2 1 1 1 1 3 I 1 I 2 Metropolitan Land Use Planning 2 2 I 1 2 1 I 3 I l 2 2 I I I 4 I r 31 3 1 
I ' I ' L--- '--
I I 4 

I,/ I I 
(5) 2 1 1 1 3 1 1 3 Regional Land Use Planning 1 3 1 I 1 3 1 I 2 l r I I 3 11 T 41 I 3 2 

' ' I I '--

(5) 1 : 
I 3 1 2 2 1 2 I 1 I 1 2 Land Management 1 2 1 3 1 1 I 3 r 2 2 I 3 I I 41 I 2 2 

I I ' I 

41 I 3 4 4 3 1 I 1 I 2 1 
Mapping (6) 1 1 I 1 1 3 l I 3 l 4 3 I 11 I 51 2 r 3 

I ' I ' -·-·-~ 

I I 2 1 2 1 2 I 1 I 1 2 Environn~ntal Protection (3) 1 21 2 1 I 2 I 2 r 2 I r 21 r 
I ' ' I 

--~ 

I I I I 
Resource Planning (14) 51 I 11 ? 5 4 5 1 1 2 9 I 0 131 1 2 1 10 2 2 1 1 9 2 1 1 1 2- ! ' 
and Management I I IT l 'S" r r 2 9 I I I I 2 r 

I ' 
(2) 

I I· 2 1 1 1 1 I I 1 
Special Area Planning 1 1 I 1 1 I 2 I r I r I 2, r l 

I ' I 

(11) 
I 21 3 3 7 4 1 2 l 8 1 I l I 1 l 3 l 6 Other 3 81 8 1 I 3 3 i 4 T 2 r a r I r 101 2 T 3 T 
' I I ' --- ·------- I I 26 8 29 12 15 5 4 5 31 2 I 4 2 I 3 4 9 6 1 l 27 Total (50) 4 6 13 3 241 23 6 8 4 2 4 3 ! 21 8 30 12 16 6 4 6 'TI 2 21 l 3 431 l ! 9 "D T 1 
I I I 

-
(a) Note: Explanation of the actual intervals represented by these nominal generalizations may be found in appendix 4. 
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Table A-9 

Numerical Tabulation of Mapping and Geographical Referencing Characteristics 
Reported and Desired by Each Type of System User 

------·---·-·-··---------------·m, ---,------,-- I I ~-
INTERPRETATION 5 I I I I I I I 

Table cells give the number of ~ i I 1 r ~ 
recorded responses within each ~ i I I I ai i:: 
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' I I ' I 
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(a) Note: Explanation of the actual· intervals represented by these nominal generalizations may be found in appendix 4. 
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Table A-10 
Numerical Tabulation of Applications and Analyses Operating and Desired for Each Type of System 

INTERPRETATION 
Table cells g1ve the number of 
recorded responses within each 
group. For questions with the 
optional choices of 'operating' 
and 'desired', the upper number 
is the number now operating and 
the lower is the sum of those 
'operating' and 'desired'. The 
difference between the top and 
the bottom number is the number 
of desired but not operating 
characteristics. The total 
sample size 1s 1n parentheses. 
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Table A-11 
Numerical Tabulation of Pata Handling Software Operating and Desired for Each Type of System 

INTERPRETATION 
Table cells give the number of 
recorded responses within each 
group. For questions with the 
optional choices of 'operating' 
and 'desired', the upper number is 
the number now operating and the 
lower is the sum of those 'opera-
ting' and 'desired'. The differ-
ence between t_he top and the 
bottom number is the number of 
desired but not operating charac-
teristics. The total sample size 
is in parentheses. 
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GLOSSARY 

Algorithm: A computer-oriented procedure for resolving a problem. 
Alphanwneric: A character set composed of letters, integers, punc-
tuation marks, and special symbols. Used to differentiate digital 
(number) coding from descriptor coding. 
Ancilla:r'y Data: Additional, supplemental data. 
Application: Those operating activities which share procedures, 
data requirements, and the like, or among which data flows and is 
controlled by a series of steps. 
Attribute: A descriptive characterist~c of a data record, or a 
descriptive feature used for evaluation or description. 
Automation: The entire field of investigation, design, development, 
application, and methods of rendering processes or machine self-
acting or self-moving. 
Base Mcrp: Map used as a primary source for compilation or as a 
framework on which new detail is printed. 
Batch Processing: A method whereby items are coded and collected 
into groups and then processed sequentially. 
Conversationally Directed Query (User Friendly): The use of English 
language instructions to direct the operation of the computer and the 
manipulation of data. 
Coordinate: An ordered set of data values, either absolute or rela-
tive, which specifies a location. 
Coordinate Reference: The method of geocoding whereby the location 
identifier is represented as a point defined by the intersection of 
perpendicular lines in a grid. Location of any point can be deter-
mined by a defined direction or distance from a known starting point. 
Coverage: A single partitioning of a region into nonoverlapping 
zones. Areas of like characteristics separated by networks of lines. 
Data: One or more characteristics which, of themselves and in their 
arrangement, represent one recording about a subject. 
Data Base: A set of data files or data records (including maps) 
organized in such a manner that retrieval and updating can be done 
on a selective basis and in an efficient manner. A collection of 
discreet data observations located in or on some physical medium 
and arranged in a way that there is an underlying organization or 
structure. 
Data File: A collection of data records; data set. 

Data Format. (also configuration): The spatial representation of the 
data form, specifically point, line, grid, or irregular polygon. 
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Data Handling: The collective operations of data acquisition, 
changing the data to useful formats, storing data in or on some 
medium, and retrieving and manipulating data to display and analysis. 

Data Manipulation: Operations that are performed on data to make 
them more suitable for further processing; to improve their com-
parability, facilitate their retrievability, etc. 

Data Record: Registered evidence of data observation. The repre-
sentation of a single datum in a computer. 

Data Retrieval: Reading data items off of media with their geo-
graphic location identifiers. 

Data Series: A sequential and long-standing compilation of data in 
a predetermined and commonly accepted format usually the result of 
a data collection program. Examples of data series are: SCS soils 
maps, USGS water sampling records, etc. 

Data Set: A collection of data records; data file. 

Data Structure: The method used to link the descriptor and the image 
portions of the data in computer storage. 
Data Transfer: Process of moving data from one meditmJ. (docUillent) 
to another. May take place at any time during data processing. 

Data Volwne: The number of separate data items or variables recorded. 

Datum: One or more characteristics which, of themselves and in their 
arrangement, represent one recording about a subject. 

Decision Variahle: An issue of system design that leads to ultimate 
system specification. Two types are recognized: data decision var-
iables and system decision variables. Data decision variables in-
clude issues of scale, precision, data type, and data format. 
System decision variables include response time, degree of automa-
tion, mode of user interaction, etc. 

Digital: The representation of a quantity in terms of a number code. 

Digitizer: A device which converts graphically represented carto-
. graphic data into machine-readable form. 

Digitizing: The process whereby an analogue value such as a position 
in space is converted to digital coordinates. 

Derived Analysis: The use of data interpretations rather than the 
primary data themselves to produce interpreted inferences about the 
conditions or areas being evaluated. An example is the creation of 
suitability evaluations. 

Descriptor Data: The catalog, thematic part of a digitally stored 
data record. (Also called an attribute.) 

Editing: Editorial treatment and correction of the data obtained in 
digitizing. 
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Enaodi.ng: The conversion of signals or alphanumeric symbols into 
a coded digital format suitable for subsequent processing. 
EnviPoronental Data: A subset of spatial data which defines naturally 
occurring characteristics and entities. 
Explicit RefePenae: A geocode whereby the actual spatial configura-
tion of the location identifier is maintain~d. 
Geoaoding: The geo_gr_~phic coding of the location of data items. 
The use of a code to represent the geographic position of a record 
or event in lieu of its being plotted on a map. 
GeogPaphia Base File: A coded network of coordinates representing 
the spatial interrelationships of th~ data base in a computer record. 
Geograaphia InfoPmation System: Synonymous with spatial data handling 
system. Also used to describe a special type of computerized geo-
processing system that has the capability to encode data from dif-
ferent sources and formats, the capability of treating each as a 
separate "layer" for graphic and logical combination, the ability 
to respond to ad hoc inquiry, and the ability to output data by 
various mediums. 
GeopPoaessing (Geographic Data Processing): The series of operations 
performed on or with spatial data in the translation to its ultimate 
product. Usually refers to digital spatial data handling operations. 
GPaphia Line RepPoduation: The ability to re-create line images 
from digital records. 
GPOund TPUth: Positional accur~cy measured between the earth's sur-
face and the graphic reduction of the surface. 
HaPchuaPe: The physical components of a computer and its peripheral 
equipment. 
Image: The visual representation of spatial form on an output device. 
Implicit RefePenae: A geocode whereby the location identifier is 
represented by a code or symbol which does not maintain the integrity 
of spatial form. 
Information System: An organized and systematic structure or set of 
procedures, equipment, and personnel supporting the storage, proc-
essing, analysis, and output of meaningful data. 
In-House PPOgraamming: The writing of software by the system design-
ing agency as opposed to acquiring software from a vendor. 
Input: Information or data transferred or to be transferred from 
an external storage medium into the storage medium of the system. 
IntePaative: A method of operation that allows instantaneous, man-
machine communication. May be used for data entry, editing, or to 
direct the course of a program. 
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Intersection: Region containing all the points common to two regions. 
Landsat: The commonly accepted term for the earth resources in-
vestigation satellite, and the technical development program and 
data application programs associated with it. 
Layer: The combined digital and alphanumeric file representing a 
coverage of a single data type over the subject area. 
Location Identifier: A code representing a location or a geographi-
cal place which is used to describe that place in an external record. 
Also called a geocode and a geographic identifier. 
Map Projection: Any systematic arrangement of meridians and paral-
lels portraying the curved surf ace of the sphere or spheroid upon 
a plane. 
Medium: A means or a physical device upon which or within which data 
are stored and transmitted (i.e., disc, map, tape). 
Memory: An organization of data storage units in a computer. 
Nominal: As a measurement scale, distinguishes things only on the 
basis of their intrinsic character. 
Ordinal: As a measurement scale, distinguishes things on the basis 
of- +ank by some quantitative measure. 
Orthophotogra:ph: Copy of a perspective photograph from which distor-
tion due to tilt and relief have been removed. 
Output: Information, data, or other results of a computer operation 
which are recorded on some external storage device. 
Overlay: Map of an area to be superimposed on one or more maps of 
the same area. The purpose is to find data combinations, or more 
exactly, intersections and unions. 
Pa:l'ameter: Variable that is specified for the duration of some cal-
culation. 
Periph.eral Device: A device connected to a computer to provide com-
munication or auxiliary functions (e.g., terminal, printer, plotter, 
digitizer). · 

Plotter: An 'x, y' mechanism controlled by a computer generally for 
the recording of location information, e.g., symbols, names, etc. 
Line drawing may also be carried out but units capable of high 
accura~y line drawings usually are referred to as drafting units. 
Lines are drawn as a series of vectors. 
Polygon: Plane figure consisting of three or more vertices (points) 
connected by line segments or sides. The plane region bounded by 
the sides of the polygon is the interior of the polygon. 

Primary Data: Data collected directly from a source platform or by 
a source method without undergoing generalization or transformation. 
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Ratio: As a measurement scale, distinguishes things on the basis of 
magnitudes that are intrinsically meaningful by use of a nonarbitrary 
zero point. 
Remote Sensing: Obtaining information about an object or phenomenon 
without direct contact. 
Seaondary Data: Data recorded or interpreted from a primary source 
'ftfld-~laced on or in a different medium. 
Spatial Data: Data which carry an explicit or implicit location 
identifier and can be referenced geographically by the location 
identifier. 
Spatial Data Content: The descriptife portion of the spatial data 
record; the descriptor. 
Spatial Data Entities: The spatial locator portion of the spatial 
data record. 
Spatial Data Integration: The process of combining multiple spatial 
data sets and providing for their storage, retrieval, analysis and 
display. 
Software: Programs used to control the operation of computers. 
Thematia: Of or related to a theme or special classification. 
Transferable: The ability to convey from one source or storage 
medium to another. May be transmitted directly or indirectly and 
may go through several changes in structure or appearance. 
User: Any individual agency or division for which interest in the 
use of spatial data is implied. 
User Friendly: Direction of the operation of the computer through 
the use of English language commands. 
User Programs: Simplified computer programs designed to be used by 
nonprogrammer users and usually designed to facilitate the repeti-
tion of a series of closely related operations. 
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