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ABSTRACT

This research involves using soil survey information 
and computer mapping techniques to make land use planning 
decisions in Cochise County, Arizona. In addition to soils 
information, natural resource information on Physiography, 
Geology, Hydrology, and Wildlife will also be used. The 
soil survey aspect is discussed in detail to demonstrate the 
utility of this information for land use planning.

A discussion of the computer mapping process out
lines the techniques available for storage, manipulation, 
and display of natural resource information. The computer 
mapping process is applied to soils interpretations to 

' produce soil interpretive maps. The mapping process is 
further utilized to composite soils information with other 
natural resource information to produce land use suitability 
maps, based on a rating system developed by the Cochise 
County Planning and Zoning Department.

Use of soil survey reports and computer mapping 
techniques are and will continue to be useful tools for the 
land use planner. Computer maps are efficient, accurate, 
and economic forms of displaying the natural resources that 
are available to aid in the planned growth of our State.



INTRODUCTION

Land use planning is a' major national issue. This
is evidenced by the passing of the National Environmental
Policy Act (NEPA) which became law on January 1, 1970.
Section Two of this law states.

The purposes of this act are: to declare a national'
policy which will encourage productive and enjoyable 
harmony between man and his environment; to promote 
efforts which will prevent or eliminate damage to 
the environment and biosphere and stimulate the 
health and welfare of man; to enrich the under
standing of the ecological systems and natural 
resources important to the Nation; and to establish 
a Council on Environmental Quality (Public Law 
91-190, 1970).

Land use planning is particularly needed in the 
State of Arizona. From April 1, 1970, to July 1, 1974, the 
State experienced a population increase of 379,000 (21.4% 
rise). This growth rate represents the largest increase for 
any state for this period (Arizona Department of Economic 
Security, 1974).

In order for such growth to be beneficial, proper 
planning and control is necessary. Optimum planning re
quires the collection and evaluation of vast amounts of data. 
A natural resource data base must be obtained in order to 
know what resources are available and where these resources 
can be found. Soil resources are an essential part of the 
natural resource base because knowledge about soils is
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important for practically all uses of land (Soil Survey 
Staff, 1975).

Knowledge about the soil and interpretations about 
soil use are of concern to a wide range of user groups.
For example, the engineering profession requires soils in
formation for the construction of roads and buildings; land 
use planners, in their appraisal of potential problems in 
land use, can be aided in their decision making process if 
they realize the limitation of particular soils for various 
uses (Soil Survey Staff, 1971, 1975).

In short, soils interpretations are made to help 
people select kinds of soils suitable for use, choose uses 
for kinds of soil they already have, or design the manage
ment and treatment needed for good performance of soils.

The major sources of soil information are the 
U.S.D.A. Soil Conservation Service and the various univer
sity experiment stations. These agencies publish soil 
survey reports which are available for the general public 
and planning personnel. The main purpose of the survey 
report is to delineate and describe the characteristics of 
the various soils in a given geographical area and to make 
interpretations as to performance of the soils for different 
uses. Soil interpretations included in the soil survey 
report predict potentials, limitations, and management needs 
for use of different kinds of soil (Soil Survey Staff,
1975). These predictions are explained in detail through



written descriptions, tables, and charts which accompany the 
soil maps. Soil interpretations are made for a specific 
purpose and care should be taken not to apply the interpre
tations to other than the purpose intended. If used 
properly, soil surveys can provide valuable information 
useful in making land use decisions.

Natural resource information used in making planning 
decisions is commonly displayed as two-dimensional maps to 
show the location of each resource. In the past, these maps 
have been drawn by hand. However, these manual methods are 
time consuming and expensive. Through the use of computer 
technology, a wide array of methods have been developed for 
displaying and analyzing data.

The computer mapping process can maximize the use of 
existing information and improve the potential for using

I

soil maps and soils information. Meaningful interpretive 
maps can be prepared from the basic soils map which are more 
readily understood and usable by planning personnel.

I

The research reported in this thesis demonstrates 
how to input the basic soils map to the computer and from 
this input, generate various interpretive maps quickly and 
economically. This research further shows how soils data 
can be composited with other computerized resource data to 
make various land use suitability maps.

Cochise County, Arizona, was selected as the study 
area for the following reasons. First, the county planning



staff is currently developing a comprehensive land use plan 
for Cochise County. Secondly, the necessary natural re
source data have already been collected and displayed in map 
form. The natural resource data utilized in this research 
include information on Soils, Hydrology, Geology, Physiog
raphy , and Wildlife.

The specific objectives of this research can be 
summarized as follows:

1. To develop an example for the application of an 
existing computer mapping program to store and 
display natural resource information.

2. To write a computer program that will select 
specific data from previously stored resource data. 
These data will be composited by the computer to 
make land use suitability maps.

3. To apply computer mapping techniques to making 
soil interpretation maps and land use planning 
decisions in Cochise County, Arizona.



LITERATURE REVIEW

Use of Soils Data in the Land 
Use Planning Process

An understanding of some basic characteristics about 
soil is essential if soils information is to be used 
effectively in the land use planning process. It is 
estimated that over one hundred thousand kinds of soil 
differing in properties and processes significant for land 
use exist in the United States alone (Soil Survey Staff,
19 72). For planning purposes, it is important to be able to 
distinguish the different soils in a given geographical area 
because each soil has certain properties, that determine its 
ability to support various uses. One important concept of 
soil is that it is part of a continuum, one soil does not 
usually-stop abruptly where another begins but rather grades 
from one soil to another.

Another important matter of primary concern is that 
some properties of soil can be changed through use and/or 
abuse. For example, chemical properties can be changed 
through fertilization or by waste disposal. Physical 
properties can be altered by tillage practices or by heavy 
vehicular traffic (Berg, 1973). These are but a few 
examples of how soil can be managed or damaged.
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The Soil Conservation Service has the primary 

responsibility td map and describe the more than one hundred 
thousand soils of the United States and to publish this 
information in soil survey reports. The published surveys 
are, in effect, libraries of information intended to cover 
the needs of most people. Soil survey maps range from the 
general map scale (1:1,000,000) to the detailed map scale 
(1:15,840) or larger (Soil Survey Staff, 1975). If general 
scale maps are used, the planner must continually remind the 
non-technical user that each mapping unit almost always 
embraces an association of contrasting soils, and that 
references to the detailed maps and direct field examination 
must be made to be sure of the soil at any particular site 
(Taft, 1972).

Traditionally, the soil survey has been used to 
develop agricultural use of land. The non-agricultural use 
of the survey is a recent development. In 1955, Fairfax 
County, Virginia, hired the first soil scientist in the U.S. 
for multi-purpose soil interpretations on a county land use 
planning basis (Pettry and Coleman, 1974). In recent years, 
people have become more aware of the importance of soil in 
waste management', water purification, engineering charac
teristics of soil, and other non-agricultural uses of soils 
maps and soils information.

Soil interpretations are included as part of soil 
survey reports and are predictions of soil performance, not



recommendations for the use of soils (Steele, 1967). Many 
other factors such as economics, social trends, and 
political pressures also affect land use decisions, In 
fact, these factors are frequently the dominant factors in 
determining land use. However, knowledge about soils can be 
very helpful. For example, use of unsuitable soils for a 
housing project will increase construction costs for site 
preparation (Berg, 1973). Serious health, safety, and 
pollution problems can result from misuse of soils (Bauer,
1974). Soil is one of the most important natural factors, 
and the only uncontrollable factor, governing the successful 
operation of a septic tank system. "Unfortunately, more 
than half of the soils in the U.S. are unsuitable for septic 
tank absorption fields" (Coulter and Taft, 1958, p. 4 91). As 
urban centers continue to spread out over the land, we are 
losing a large portion of our agricultural land. If less 
suitable land is used for agriculture, the cost of food may 
continue to rise because of soil-related problems. The 
point of these examples is that soils have certain limita
tions as to their suitability for different uses and the 
soil survey report attempts to make these limitations known.

How Soil Interpretations are Made 
Most published soil surveys identify the kinds of 

limitations of the major soils which make up the soil 
mapping unit and rate the major soils according to the



degree of limitation for land uses important in a given 
area. "Limitation ratings of soils are usually based on the 
hazards, risks, or obstructions presented by the named kinds 
of soil as they exist in the natural landscape or as they 
are modified by the use itself" (Soil Survey Staff, 1975).

Limitation ratings of soils are usually derived from 
the soil properties found to a depthiof two meters or less. 
Below this depth, geologists are asked to provide assistance 
in predicting limitations.

Limitation ratings are usually described in a three- 
class system utilizing the following terms to signify 
degrees of limitation: Slight, Moderate, and Severe. The
following definitions illustrate common implications of 
classes under this three-class system (Soil Survey Staff,
1975) :

1. Slight limitations— Soils having slight limitations 
present no more than minor problems for a special 
use. These soils give satisfactory performances 
with little or no modification of the soil.

2. Moderate limitations~-Soils having moderate limita
tions can be adapted to the specified use success
fully without exceptional risk or cost, but they 
have undesirable properties. Soils of this kind 
need modification of the soil itself, special designs 
for the use, or special maintenance for satisfactory 
performance over an acceptable period of time„ The



measures needed usually increase the cost of estab
lishing or maintaining the use but are not generally 
prohibitive in relation to other costs for most 
users.

3. Severe limitations— Soils having severe limitations 
can not-normally be adapted to the specified use 
except at exceptional risk or cost. A limitation 
that requires removal of the soil and its replace
ment with other material for satisfactory use would 
be rated severe. 1 A rating of severe does not imply 
that the soil could not be adapted to the use 
specified, but the costs of removing the limitation 
or risks would be high.

Generally, interpretations that give both the kind 
and degree of limitation are the most useful. For example.
Soil A and Soil B are given limitation ratings for use as
foundations for housing.

Soil A -- Moderate
Soil B —  Moderate: low shear strength; moderate

shrink-swell potential

The rating given to Soil B is more descriptive in that the 
principal limiting soil attributes are stated.

Soils are also rated as to suitability of soils for 
various uses. These ratings give a positive emphasis to 
soil properties. The terms employed in this system are:

I
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Good, Fair, and Poor;

Suitability ratings of soils are given for broad 
uses, such as urban, recreational, and commercial 
development that require knowledge of engineering, 
hydrology, economics, and other disciplines 
besides soil science, but most ratings of this 
kind must be prepared through combined efforts of 
soil•scientists and specialists of other 
disciplines (Soil Survey Staff, 1975, Chapter 11, 
p. 27) .

A major complaint about soil survey reports is their 
lack of interpretive maps. Usually, the maps provided with 
a survey report only delineate the various soil mapping 
units. Interpretation of the map by the soil survey user 
requires the tedious process of looking at charts and tables 
to determine the limitation and/or suitability of the soils 
for a specific use. If interpretive maps were available, 
the user could better utilize the soils information. As 
soil survey information avails itself to use by planners, 
the importance of soils information in the land use planning 
process will continue to grow.

Soils Information Applied to 
Zoning Regulations

The following discussion illustrates how soils in
formation has and will probably continue to be used in land 
use planning. As early as 192 6, the police power to enforce 
zoning regulation has been an accepted practice of law. In 
the Supreme Court Case of Village of Euclid, Ohio, v. Ambler 
Realty Company, the court upheld the right of government to 
enforce zoning regulations if done for the good of the
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public health, safety, and welfare (Village of Euclid,
Ohio, v. Ambler Realty Company, 1926).

Zoning regulations have been used to put soils in
formation to applied use in land use planning. The South
eastern Wisconsin Regional Planning Commission, the official 
planning and research agency of one of the largest urbanized 
regions in the U.S., began extensive use of the regional 
soil survey in 1963 (Bauer, 1974). Their use of detailed 
soils data in such a large scale regional land use planning 
effort was unprecedented. Development of zoning regulations 
were established based on soils interpretations. An example 
of these regulations for urban use of land is given below.

Urban development: allowed only in areas that do not
contain "significant concentrations" of soils rated by 
the soil survey as having severe or very severe limita
tions. Significant concentrations being:
a. Low density residential— may have no more than 5.5%

of the gross area rated severe or very severe.
b. Medium density residential— may have no more than 

3.5% of the gross area rated severe or very severe.
c. High density residential— may have no more than 2,5% 

of the gross area rated severe or very severe.

Interpretive soil maps would be useful in this type of
development plan.
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When a zoning regulation is drawn up by a planning 

board, the regulation can be taken to court. If the regula
tion involves soils information, the planner often has a 
difficult time explaining soil survey information to the 
court. In this situation, soil interpretive maps could be 
used quite effectively. Land areas affected by the regula
tion could be shown to have a soil that is unsuited for a 
particular use in question. Information given on interpre
tive maps can also be incorporated into land subdivision 
regulations, health and sanitary regulations, and in the 
creation of special zoning districts. Emphasis could be 
placed-on exclusive agriculture, commercial, or certain 
types of residential zoning districts. Soils data can help 
to delineate special hazard areas such as floodplains.

Computer Mapping Programs for 
Soil Interpretation and 

Land Use Planning
The need for new and improved methods of natural 

resource mapping has stimulated the development and expan
sion of computer mapping technology across the United 
States. At Iowa State University a program named SAND 
(Spatial Analysis of Numerical Data) has been developed 
(Van Driel, Palmquist, and Sendlein, 1973) . This system 
utilizes numerical data arranged on a grid system to develop 
two-dimensional maps. Each cell of the grid is given an X 
and Y coordinate and input to the computer by punching X and
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Y values of each cell on to computer cards, one card per 
cell. This manual process is tedious. However, once the 
data are input, interpretive and problem evaluation maps are 
easily developed.

Another system called LUMP (Land Use Mapping Program) 
is being used at the University of California, Davis 
(Johnston, Thorpe, and Long, 1975). The manual problem of 
data input is lessened greatly by use of a digitizer table. 
The table allows data to be fed directly to magnetic tape 
without the need of computer punch cards. By incorporating 
the use of the digitizer table, computer mapping has become 
a more valuable and useful tool.

The initial computer mapping program selected for 
this study was named POLYVRT (Laboratory for Computer 
Graphics, 1974) . This program is capable of receiving data 
input by use of a data tablet/digitizer. It is also 
capable of displaying mapped resource information. However, 
the program is limited in its ability to make interpretive 
maps and it does not have the capability for compositing 
resource data.

A program called SYMAP was received at The Univer
sity of Arizona Computer Center from Harvard University.

t

The SYMAP program is a computer program which graphically 
displays spatially qualitative and quantitative information 
(Dudnik, 1971). The program utilizes raw data of various 
types (physical, economic, social, etc.) which the user can
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manipulate, weight, and composite in a variety of ways to 
meet specific needs or requirements.

SYMAP is written in FORTRAN IV computer language and 
consists of a main program and forty-nine subroutines 
(approximately five thousand records in length). Use of the 
program does not ordinarily require an extensive knowledge 
of computer programming. However, there are special 
features of SYMAP that do require programming expertise.
One of these features, incorporated into this study, is 
called OVERLAY. Program OVERLAY allows the information from 
two or more previously stored maps to be composited together 
to produce a single map.

With the use of the data tablet/digitizer, SYMAP 
readily accepts input data from natural resource base maps 
(Summagraphics Corporation, n.d.). This program lends 
itself quite well to the production of.soil interpretation 
and land use planning maps.



METHODOLOGY

The natural resource, base maps for Cochise County 
were prepared and compiled by Wilsey and Ham Consultants 
(1972) of Tucson, Arizona. Phase I of their program was 
organized into three major areas with six work elements 
divided among them. These include:

1. Definition of the planning program and identifica
tion of county goals.
a. Goals/Systems/Resources (Resources other than 

minerals).
2. Determination of the suitability of the land for

various uses.
a. Identification of Significant Environmental 

Factors (Development of Natural Resource Maps).
b. Valuation of Land Use Suitabilities.
c. Designation of Optimum, Multiple Land Uses.

3. Development of Planning Data.
a. County Base Map Series.
b. Housing Analysis.

This research involves use of the information col
lected for Section 2 of Phase I. In consultation with Mr. 
James D. Altenstadter, Planning Director for the Cochise

15
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County Planning and Zoning Departmentf it was decided to use 
Soils, Physiography, Geology, Hydrology, and Wildlife.

Cochise County is located in the southeastern part 
of Arizona (Figure 1). Due to the geographical dimensions 
of the county and the map scale selected, the county was 
divided into nine nearly equal sections (Figure 2). For 
each section, the five resources were mapped, resulting in a 
total of forty-five base maps for the entire county. All of 
these maps will be input and stored by the computer for
later use. For illustration purposes, only the base maps of
section one will be utilized to display soil interpretive 
maps as well as land use suitability maps.

The information, delineated on the five basic re
source maps for section one, is listed in Table 1. These
maps were developed in the first work element in Section 2.

The second work element of Section 2, Valuation of 
Land Use Suitabilities, involved the injection of value 
judgments into the planning process. These judgments place 
more or less importance on the different physical factors 
for determining how they affect the suitability of land for 
various uses. The following land uses in Cochise County 
were chosen for evaluation: Urban, Agriculture, Grazing,
Recreation, and Conservation.

After discussion with Mr. Altenstadter, it was 
decided to develop urban use as the focal point of this 
research. The next step was to decide on the urban
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Cochise County'

Figure 1. Location map, Cochise County, Arizona.

3 2 1

4 • 5 6

9 8 7

Figure 2." Cochise County divided into nine sections due to 
map scale selection.
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Table 1. Description of data on the five natural resource 

maps for section one, Cochise County, Arizona.

Natural resource base map Data description

Soil

Physiography

Geology

Hydrology

Wildlife

Soil mapping units by soil 
associations

Floodplain 
0-2% slope 
2-5% slope 
5-10% slope 
10-20% slope 
2 0+% slope
Severely cut flatlands
Bedrock
Alluvium
Aquifer recharge zone 
All other zones
Primary game habitat 
Secondary game habitat 
Tertiary game habitat 
No major game habitat



suitability rating system to be used. The following 
categories, reported in the Wilsey and Ham (1972) report, 
were used: Suitable, Moderately Restricted, Restricted,
and Least Suitable. The next step is to place the informa
tion from the natural resource base maps into these four 
categories for urban use. Table 2 is the result of this 
action. Table 3 further defines the soils information 
utilized in this process. It must be stressed here that 
Table 2 is the result of value judgment decisions. Another 
planning department with the same natural resource base 
could .develop an entirely different arrangement of Table 2. 
Social, political, and economic factors must all be con
sidered in the value judgment process.

The third work element of Section 2 is intended to 
determine whether or not any lands in the county are suited 
for more than one use. This element is beyond the scope of 
this research. If this research accomplishes its objective, 
this last work element will be completed by the Cochise 
County planning personnel.

Modified from Wilsey and Ham (1972), Figure 3 
displays the process just outlined. This process is fol
lowed for each land use under consideration. If a given 
land area is suited to more than one use, a multiple land 
use plan (map) is to be developed by Cochise County.
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Table 2. Classification of natural resource data into the 

urban use suitability rating system.

Rating Natural resource factors

1. Least suitable (a) Unsuitable septic tank-soil
Cb) Floodplain
(c) Greater than 20% slope

2, Restricted (a) Severe septic tank-soil
Cb) 10 to 20% slope
(c) Aquifer recharge zone
(d) Severely cut flatlands
(e) Primary game habitat-wildlife
(f) Severe dwelling-soil

3, Moderately restricted (a) Moderate septic tank-soil
(b) 5 to 10% slope
(c) Bedrock
(d) Moderate dwelling-soil
(e) Secondary game habitat-wildlife
(f) Severe excavations-soil

4. Suitable (a) All lands that do not contain 
one or more of the preceding 
conditions
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Table 3. Soil limitations for the urban use suitability 

rating system.

Soil
association

Least
suitable Restricted

Moderately
restricted Suitable

A1 1 (a) 2 (f) 3(f)
a 2 2 (a) 3(d) 4(a)
a 3 2 (a) 3 Id) 4(a)

A4 1(a) . 3 (d) 4(a)

A5 2 (a) 3 (d) 4(a)

B1 4(a)

B3 1(a) 2(f) 3(f)

C2 1(a) 2(f) 3 (f)

D1 1 (a) 2 (f) 3 (f)

D2 2 (f) 3 (a,f)

B5 Ka) 2 (f) 3 (f)

E1 Ka) 2(f) 3(f)

E2 1(a). 2 (f) 3(f)

E3 1(a) 2(f) 3 (f) •



Soils WildlifeGeology HydrologyPhysiography

Urban Use 
Criteria

Urban Land Use 
Suitability

Figure 3. Description of process for determining suitability of land for 
various uses (Section 2) —  Through a Criteria for Urban Use of 
Land, the significant environmental factors are evaluated (see 
Table 2).
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As can be seen from Table 2, the soils data are used 

extensively throughout the suitability rating system. The 
soils data interpretations, as well as the soils map, were 
obtained from the Cochise County General Soil Survey (Soil 
Survey Staff, 1971). In this report, soils are grouped by 
association into mapping units. A soil association is de
fined as follows: "A soil association is a landscape that
has a distinctive proportional pattern of soils. It nor
mally consists of one or more major soils and at least one
minor soil, and it is named for the major soils" (Soil
Survey Staff, 19 71, p. 2). The Cochise County General Soil 
Survey map scale is 1:500,000 and is suitable for general 
planning purposes only. Table 3 has been developed to show 
the soil limitation ratings for soils mapped in section one. 
The soil limitations given are for: Septic Tank Filter
Fields, Excavations, and Foundations for Low Buildings.
This information will be utilized in the computer mapping 
process to develop soil interpretive maps from the General 
Soil Survey Map (Figure 4).

Discussion of the Computer 
Mapping Process

Introduction
There are three major steps involved in the utiliza

tion of a computer to produce a map. First, the data must 
be made available to the machine (input). Secondly, these



Figure 4. General soils map and legend for section one, 
Cochise County.

Soils of the Valley Floor:
Al = Gothard-Crot-Stewart Association^--shallow and deep, 

moderately well and somewhat poorly drained, nearly 
level, saline-alkali soils.

A2 = Elfrida Association— Deep, well drained, dark colored, 
nearly level, calcareous soils.

A3 = Karro Association'-'-Deep, well drained, light colored, 
nearly level to strongly sloping, calcareous soils,

A4 = McAllister Association— Deep, well drained, brown, 
nearly level, calcareous soils.

A5 = Mohave Association*--Deep, well drained, reddish brown, 
nearly level, moderately fine textured soils.

Soils of the River Bottoms and Alluvial Fans;
Bl = Comoro-Anthony-r-Grabe Association— Deep, well drained, 

nearly level, medium and moderately coarse textured 
soils.

B3 = Guest Association— Deep, well drained, nearly level, 
fine textured soils.

Soils of the Valley Slopes:
C2 = White House*-Tubac^Forrest Association*-T-Deep, well

drained, nearly level to hilly, fine textured soils.
Soils of the Foothills:
Dl = Kimbrough-Cave Association-^Shallow, well drained, 

nearly level to moderately steep, medium textured 
soils oyer a lime^cemented hardpan.

D2 = Hathaway-Nickel Association— Deep, well drained, nearly 
level to hilly, gravelly and very gravelly loamy soils.

D5 = Lampshire-Ustollic Haplargids Association-Shallow.and' 
very shallow, dark colored, moderately sloping to 
hilly, cobbly and gravelly soils over granite.

Soils of the Mountains;
El = Luzena*-Faraway Association-^Shallow and very shallow, 

dark colored, steep to very steep, cobbly and gravelly 
soils over andesite and rhyolite.

E2 = Barkerville-Gaddes Association-Very shallow to moder** 
ately deep, steep to very steep, cobbly and gravelly, 
medium to moderately fine textured soils over granite.

E3 = Tortugas Association-Shallow and very shallow, dark 
colored, steep to very steep, cobbly and stony loams 
over limestone.
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Figure 4. General soils map and legend for section one, 
Cochise County.



data are manipulated within the machine for preparation of 
the map (processing). Finally, the map is displayed by the 
computer (output).

•Input to the computer machinery (hardware) is 
accomplished fcjy placing the data on punch cards or on 
magnetic tape. This information is incorporated into a 
computer program (software) and recorded on punch cards or 
magnetic tape.

After the data are stored in the computer, both 
arithmetic and logical operations can be performed. Various 
sets of data can be given numerical weighting, data can be 
composited, and spatial values related to data can be 
determined, to mention just a few of the operations that 
can be performed.

The final step is to transmit the data to a display 
or printing device. At this time, the stored information 
along with specific instructions supplied either by the 
source program or by the individual user, is printed out in 
graphic form. The end result is a graphically correct 
representation of the data originally input to the computer.

Input Operation
The system utilized for input of data to the 

computer is called digitization. A data tablet/digitizer 
system performs this process (Summagraphics Corporation, 
n.d.). This system consists of the following components:
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Controller, Tablet/Digitizer, Stylus, Mating Connector to 
Output Connector, and Video Viewer-Computer Terminal, The 
controller supplies all operating voltages and currents, 
provides the controls for choice of operating modes, and 
provides a clock for timing the X, Y coordinate counters.
The stylus is a ballpoint pen with the filler spring loaded 
against a switch, and with a pickup coil at the ballpoint 
end. Of the different modes of operation available through 
the controller, only the' point mode is used in this study.

In the point mode, one pair of X, Y coordinates is
generated each time the stylus ballpoint is pressed against
a desired position on some graphic material placed on the
tablet. When the stylus is pressed down, a strain-wave is
sent from an X-send wire along one edge of the tablet into a
set of electronic lines in the X-direction toward the stylus
(Figure 5). When the strain-wave passes under the receive
coil of the stylus, a pulse is generated which stops the
counter. A similar action occurs in the Y-direction, giving
the Y-coordinate. These coordinates.are displayed on the
video viewer. At the same time, these coordinates are
picked up by the.mating connector which is connected to af
remote terminal of the DEC-10 computer system. The DEC-10 
stores the coordinates in a software program and writes the 
data to a newly created datafile.

The graphics data are digitized into the computer 
in the following manner. A computer program is executed on



SEND WIRES

X - Y MESH OF MAGWIRES

To Controller

RECEIVE COIL IN PEN

X, Y Coordinate PointCut Away View

Table 5, Display of data tablet/digitizer.

to'■j
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the DEC-10 terminal= Next, the area to be digitized is 
given a number for identification, beginning with the number 
one (Figure 6). The stylus is then pressed down on the 
tablet at the point marked start. Each dot represents a 
nearly straight line segment of the outline' of area one. 
These dots do not necessarily have to be drawn on the input 
map. The stylus is pressed down onto each dot, following 
the direction of the arrows (Figure 6). The last point 
touched by the stylus is again at the point marked start. 
This area now becomes a complete data polygon. The pre
ceding process is repeated for each polygon numbered one, 
Next, the same process is followed for all areas numbered 
two. This method is followed until the entire map is input. 
The computer program is given the command to end execution 
and a permanent datafile is stored in the computer for later 
manipulation of operations„ The datafile is stored on 
magnetic tape. This program is not reproduced in the study 
because it is not considered to be essential for an under
standing of the computer mapping process. The individual 
user can write a similar program without too much diffi
culty.

It is essential that the reader-user of this thesis 
refer to the SYMAP User's Manual in order to follow the 
mapping procedures as outlined in the study (Dudnik, 1971).
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—̂ Start • (Polygon 1)

Start (2nd 
Polygon 1)

figure 6, Display of mapped data input operation.



RESULTS AND DISCUSSION

Selection of the Computer 
Mapping Program

The initial computer mapping program selected was 
POLYVRT (Laboratory for Computer Graphics, 1974). This 
program was capable of storing natural resource data by use 
of a data tablet/digitizer. The. initial study area selected 
was a small section of the Tucson Mountainswest of Tucson, 
Arizona. A soils map of the area was obtained from the 
S.C.S. The Pima County Planning Department was interested 
in soils of the area and their relationship to residential 
housing development.

Due to equipment and programming problems, input of 
the soils map to the computer was a time consuming and 
expensive process. POLYVRT did not have the programming to 
create interpretive maps. However, the program was capable 
of reproducing the soils map, so several copies were made 
and colored by hand to display soils interpretive, informa
tion. These were turned over to Pima County in order tp 
meet a projected deadline for their project. POLYVRT was 
aborted due to the time and expense involved and also 
because of its inability to perform necessary functions.

30
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The SYMAP Program

A new program, received from Harvard University, was 
programmed into The University of Arizona Computer Center. 
Dr. William Rasmussen acquired the equipment and prepared 
supplementary programs in order to utilize the new program, 
SYMAP. The flow chart shown in Figure 7 displays the 
process to be followed for input, manipulation, and output 
of the natural resource data of Cochise County.

The initial step is to input the data from each of 
the resource maps to the computer. Each map is digitized by 
use of the DEC-10 computer (remote terminal) and the data 
tablet/digitizer. A datafile is created and stored on a 
DEC-10 magnetic tape for each resource map. After the data 
from a given map have been input, SYMAP instructions are 
added to the datafile (Dudnik, 1971). Due to a new link
up system, the datafile in the DEC-10 computer can be fed 
directly to SYMAP which is stored on the CDC 6400 computer„ 
This datafile can then be sent to the printer for map 
production and/or stored on magnetic tape, hereafter re
ferred to as the master file. If an interpretive map is 
desired, SYMAP instructions can be given to the DEC-10 data
file and then input to SYMAP. The datafile created is then 
sent directly to the printer.

The resource map datafiles stored on the master file 
magnetic tape can be readily manipulated to meet the urban 
suitability rating system. In order to select specific data
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Digitizer
Table

Urban
Suitability

Rating

CDC 6400 
Tape . 

Master 
File

Renum
Program

v
Overlay
Program

Figure 7. Flow chart of computer mapping process.
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from each resource map, new SYMAP instructions were given to 
the DEC-10 datafiles and SYMAP was run over and over. This 
became quite expensive and timely (Figure 7, Step X). To 
eliminate this step, a supplementary program called RENUM 
was written.

Program RENUM
The purpose of program RENUM is to investigate the 

grid information of a SYMAP datafile and to assign new 
values to the data so as to create new "specific" SYMAP 
datafiles. The grid information is stored in a series of 
rows and columns. A "cell" is formed at the intersection of 
each row and column. The program is written so as to search 
the data value assigned to each cell. The program searches 
the data,, row by row. When the SYMAP datafile was created, 
each polygon was given a numeric value, whereby each cell 
within the polygon received the same numeric value.

The following example should help clarify the RENUM 
program operation (Figure 8). The polygon border encom
passes several cells. In this case, the polygon was given 
the numeric value of two and each cell was likewise numbered 
two. If RENUM is given the instructions to change all cells 
numbered two and reassign these cells the number four, a 
search is begun. The first row is checked, cell by cell.
If the number one is encountered, no change is made. How
ever, if a two is found, then the cell is given the value of



34

COLUMN

I
1 1 1 1 i 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 i 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 i/ ur fk 1 1 1 1 1
1 1 1 yr2 2 2 2 2 2 2 X 1 1 1 1
1 1 1 /2 2 2 2 2 2 2 2 2 Xj 1 1 1
1 1 1 11 2 2 2 2 2 2 2 2 2 2 1 1 1
1 1 1 12 2 2 2 2 2 2 2 2 2 1 1
1 1 A2 2 2 2 2 2 2 2 2 2 V 1 1
1 1 l ’k 2 2 2 2 2 2 2 2 2 A 1 1
1 1 1 isU 2 2 2 2 2 2 2 y fi 1 1
1 1 1 i l\ 2 2 2 2 2 2 X 1 1 1 1
1 1 1 i 1 V -? 2 2 1 1 1 1 1
1 1 1 i 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 i 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 i 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 i 1 1 1 1 1 1 1 1 1 1 1 1

Figure 8. Display of map by cells to delineate the numerical 
coding operation.
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four. Each row is checked in this manner. The end product 
is a new SYMAP datafile, ready for input to the compositing 
program OVERLAY (Dudnik, 1971).

The main advantage of program RENUM is that new 
SYMAP datafiles can be created without destroying the 
original datafiles stored on the master file. Another ad
vantage is, with RENUM in the process, SYMAP need only be 
run once for each original resource map. The RENUM program 
is written as follows:

PROGRAM RENUM(INPUT,OUTPUT,TAPE5=INPUTS,TAPE6= 
OUTPUT,TAPE12,TAPE8)
DIMENSION PTS(130),IPTS(130),11(10),IOLD(30), 
1INEW(30)
READ(5,1) N

1 FORMAT(5X,18)
READ(5,2) (IOLD(IP,IP=1,N)

2 FORMAT(3012)
READ(5,3) (INEW(JP),JP=1,N)

3 FORMAT(3012)
READ(8) IROW,ICOL,RC,RD,VMIN,VMAX 
WRITE(12) IROW,ICOL,RC,RD,VMIN,VMAX 
NTIME=1 ' •’
II(l)=ICOL 
IF(ICOL-130)5,5,10 

10 NTIME=ICOL/130 
1=0
DO 15 J=1,NTIME 
1= 1+1 
II(I)=130 

15 CONTINUE
II (I+l)=ICOL- (NTIME*130)- 
IF(II(1+1)) 20,5,20 

20 NTIME=NTIME+1 
5 CONTINUE
DO. 30 KK=1,NTIME 
IM=II(KK)

C DO LOOP FOR SELECTION OF NEW ROW
DO 35 KL=1,1ROW 
READ(8) (PTS(KI),KI=1,IM)
DO 37 ICH=1,IM 

37 IPTS(ICH)=PTS(ICH)
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C DO LOOP FOR SELECTION OF NEW COLUMN
DO 4 0 KM=1,IM 

C DO LOOP— ARRAY COUNTER FOR OLD AND NEW DATA
' DO 4 2 IKK=1,N
IF(IPTS(KM).NE.IOLD(IKK)) GO TO 42 
IPTS(KM)=INEW(IKK)
PTS (KM)=IPTS (KM)
GO TO 4 0 

4 2 CONTINUE 
4 0 CONTINUE

WRITE(12) (PTS(KI),KI=1,IM)
35 CONTINUE 
30 CONTINUE 

STOP
Z

1
2 0 0 0 
4 0 0 0

It is important to note that only the datafiles 
stored on the master file need be saved, the new "specific" 
datafiles can be used once and discarded. With the ease of 
creating new datafiles, if the suitability rating system is 
changed, new datafiles can be created and sent to program 
OVERLAY for the production of new land use suitability maps,*

Application of the SYMAP Program 
With the selection of a computer mapping program, 

the study area, and the resource data to be digitized, the 
computer mapping process was ready for application.

The first step is to input the five resource maps 
for section one of Cochise County. Each resource map is 
input to the DEC-10 computer by use of the data tablet/ 
digitizer and stored on magnetic tape. Next, the datafiles



are given specific SYMAP instructions through various 
"packages" available for SYMAP operations (Dudnik, 1971).

Each datafile is then sent electronically to the 
SYMAP program and run. The product output maps displayed 
by the printer are shown in Figures 9 through 13. These 
datafiles are also stored on CDC 64 00 magnetic tape at this 
time. This tape is designated as the master file.

On each printed map there is a legend. Each "level" 
represents a unique polygon designation. For example, all 
polygons numbered one on the SYMAP datafile are represented 
by level one. Each level represents a different entity 
(soil association, slope, etc.) and is given a symbol to 
identify it on the map. A numerical range is assigned by 
the computer to each level. The soils map (Figure 9) has 
fourteen levels. Each level represents a soil association. 
Level one represents the soil association Al (Cochise County 
General Soil Survey Map) and has the numerical value range 
of 1.000 to 1.929. The odd numerical range is a result of 
dividing the fourteen levels by the overall range 1 to 14 
(thirteen actual whole numbers). The symbol assigned to 
level one is "O".

In level one, all cells on the map with "0" repre-I ’
sent the Al soil association (level one). These cells are 
numbered by the computer when the polygon is initially
assigned a number. The. rest of the legend should be self-

\
explanatory.
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Figure 10. Physiography map for section one, Cochise County. 
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Geology map of section one, Cochise County. 
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Figure 12 . Hydro logy map for section one, Cochise County . 
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Figure 13 , Wildlife map for section one, Cochise County . 
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It should be noted that the datafile of the soils 

map (before SYMAP run) is still stored on the DEC-10 
computer. The datafile (after SYMAP run) is stored on the 
master file of the CDC 6 4 00 computer. From the soils data
file stored in the DEC-10, soil interpretations can be made 
by again utilizing a group of SYMAP "packages." Table 3 is 
reviewed at this point to aid in the production of inter
pretive soils maps. Three soil interpretive maps are 
displayed in Figures 14, 15, and 16. In Figure 14, the soil 
limitations for septic tanks has been developed. All soil 
association polygons rated as having slight limitations are 
assigned the numerical value of one. Those association 
polygons rated as moderate are numbered two, those rated as 
severe are numbered three, and those polygons rated as un
suited are numbered four. After this numbering process is 
completed, the datafile is compiled and run. The SYMAP 
datafile created is then output to the printer but is not 
stored on the master file. These interpretive maps 
accurately, quickly, and efficiently represent the soil 
interpretations of the original soils resource maps input 
to the computer. Manual methods of developing soil inter
pretive maps are made obsolete by the computer mapping 
process.

Now that the five SYMAP datafiles are stored on the 
master file, it is time to utilize both the RENUM and 
OVERLAY programs to produce land use suitability maps.



o-u E• U E" ES Uf 

Vl i. UE •~ •0(;[ f()R l l CI< l [ Vll 

• 1 N ]I"U ~ \. OOC l • 7~ 0 
· •·l~ u · lo n o ~ - ~00 

0 Ll 5 H 53 

········· ........ . ......... ········· ·· ······· ........ . 

' . ~co 
I ol~ O 

z l ~t 

l . l~O 
~. 000 

71ede. . ~3 197 1dto. 77 

l~O l l . 05 7 ~ 9 ~~ ol O 

OONJOOOO 
OOJOJOOOO 
oooooooo c 
OCJOJOOOO 

Figure 14. Soils interpretive map--septic tank limitation. 

44 



==::::::::::::::::==::!$$fSS~SSS$1#SIS:S~:S~IIIS1111'11111SSSSSS~SSSS:$''''''''''''''''''''''''''''''''''' ' '' • ··--···········-····· .. ----·····'JII;SS~I''I''''I'II'I'''IS' ,,,,,,,,,,,,,,,,,:::s:::::s~:ss:::ss:::::::::'''''''''' =::::::::::::-::..:::::=::::::::.,, ,J,ss,::::,s,,~,s::,,::,,~::::::~::~:~:s:~:::'''''~'''''''''''''''''''''::::::: 
-••••-•••••••••---••••••••-•-••••••• •••111111 I Ill I II II II 1111111111111 I 1.• 1111111 11111111 ~ ~ ~ ~ ~ 1~ ~ ~~= ~ ~ ~ ~ ~~~~~~:I I I I I II/I I II 

I ::::=:::::::::::::::::::::::::::::::::::~S$1111$ lSI:: SIS I 11 s s: s I: s:::::::::::::: I I:::: I:::::::: Ill ,,,,,,,,I II::~::::::::: 
::::::::::=:::::::::::::::::::::::::::::::!; sss J ss s s s ~ $ s:::: $iSS:~: S ~ ~::::: ~ $:: S: $$:$$::::$$::II~:::: I::::::::::::::::::::: 
:::::::::::::::::::::::::::::::::::::::::::::,,~:Iss:~~::::::: s ,: :::::::::::: ~: $:::::::::::::::: ~~ ~ ~Si! i $ i $ ~i: i: ~'iii iii: iii i 
::::::::::::::::::::::::::::::::::::::::::::m!!H!$!$iH1iHi!iHH~ii:iiiiiiiHiiiiiiiiiiiii:iiHiiHiiiiii1iiiiiiiiii!Hiii 
:::::::::::::::::::::::::::::::::::::::::::mHmiiiiiiiiHiiHiiiiiHiiiiiiiiiiiii~~~~~$iiii~~HiHi~:iiiiiiiiiii~i~iiHii~ 

~ ~ $~~:::::::::::::::::::::::::::::::.::::::::::::~ ~ ~ $ ~ ~ i ~ ~ ~ ~ ~ ~: ~ ~ ~ ~ ~ ~ ~: ~ ~ ~: ~ ~ ~ ~ ~ i: i ~ ~: ~ ~: i: I:~::::::::~~:::::~~~::::::::::::::::: 
:::::::::::::::::::::::::::::::::.:::::::::::::;:::::::::::::::::::::::,11::::::::::::::::::::::::::::::::::::::~~~~:~~::::::::: 
$ ~~=::::::::::::::::::::::::::::::::::::::::::::: 1:1: i: ~ ~ ~ ~ ~ ~ ~ ~::::::::::::::::::::: ~: ~ ~:::::::::::::::: ::::::::::: ~ ~ ~ ~ ~::::: ~: 
:::::::::::::::::::::::::::::::.::::::::::::::::::: ~:: ~:: ~ ~ ~ ~! ~:::!::: ~::::: ~:;: ~::: ~:::::::::::: ~:::::::: ~:::: ~:: ~ ~:: ~::::::: ~ 
:::::::::::::::::::::::::·::::::::::::::::::::::::::::::!!:::~:::~::::::::::::::::::::::::::::::::::::::::::::::::::::~:~~~~::~ 
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::!!::::::~~:::::::::::::~:::~:::~:::::::::::::::~::::~::::::~~::::: 
:::::::::::::::::: ::::::::::••::::::::::::::::::::::::::::::::::::!! I::~::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
::::::::::::::::::::::::::::::::::::::::::::: :::::::::::::=:::::::::::::::!!::: ~::: ~:::::::: ~:::::::::::::::::::::::::::: j::::: 
:::::::::::::::::::::::::::::::.::::::::::::::::::::::::::::::: ::::::::::::::::!::: ~ ~ ~::~:~~:II::::~~~~::::~~~:~~:::~:~:~::~~::~ 
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: ~:::::: ~ ~: :~::::::::::: ~ ~ ~::::::::::::: •••••••••••••••• ••••••++ ... •++++++••+•+•+•++•+++•++++•+++•••••••••+++++ ••••••••lll/llllllll/111111111111111111111111111111111 
•••••••••••••••• ·····························································•••111111111111+11111111111111111111111111/lllll ••••••••••••••• • •••••••••••••••••••••••••+++++++•+••••••••+++ ••••••••+++++++•••••• I I I Ill I I I I 11+1111111111111111111111111111111 •II•••••••••••••+-+•••••••+++••••••••••••••••••••••••••••••••••••••+•••• +++ ++++++••••Ill/ I I 11111++111111 111111111111111111111111 
II •••••••••••• •••••••••••••••••••••••••••+•••••••••••••••••••••••••••••••••••••••• lll/1111111+111111111111111111111111111111 
11111111•••••• ••••••••••••••••••••••••• ++ ++•++++••••••••••••++++•••••••++++ +++••••••• I 1111111 I I +/Ill I 1111111111111111 I 1111111 
11111111•••.,.• •••-+••••••+++-+•++++••••••+•••••••••••••••••••••••••••••••••••••••• •••••••1111111111++11111111111111111 I 111111111 I 
IIIII/ ••• ••• ••••••••••••••••••••••••••••••••+•+-••••••••••••••+ •••••••• ••••••••••••••1111111111++111111 I 11111111111111111 111 1111111111 • ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• ,11111/lll+++lllll"llll llllll/111111 11 

11111111111111•••••••••••••••••••••••••••••••••+••••••••••••••••••••••••• •••••••••••••• • •• •••Ill I I I 111++++1 I 111111111 I 11111111111 
1111111111111111+•+•+•++++++••++++••••+ •••••••••• ++++•+•••••••••••++++• •••••+• •••••••• ••••••••111111111+++++111111111111111 1 IIIII 

111111111 1111111++++•••••••••••••••••••••••••••••••••••••••••••••••••••••••+ +•++••••••••••••••/ I Ill I I 11++++++1111111 I I I 11111111 
lllllllllllllllllll++++++•+• .. +•++++++++++++++••••••••+•++++++++++-+++••••••••••••••••••••••••••••111111111++++++•1111111111 !11111 
IIIII/ 111111111 •••••+++•••••••+++•+++++++++••+++•+•+•++••••++++++••••••••••••••••••••••••••••••111/llll+•+•++++ll/11111/ll/11 
1111111111111111 1••···············································································•111111 ······••1111111111111 
II 111111111111•++++++••••+•+++++++•++++•••••••••••••••••+++++••••••••••••+•+•••••••••••••• • •••••••11111 ••••+•+++1111 1111111 

~~::I:$::$::: I ~ '::::::::::::::: :::::::::::::::::::::::::::::: • .:::::::::::::. ++ ::::::::::::::::::::::!!::~I~::::::!:!::::::::: 
I 1111111111111 ••••••••••Ill++•+++++••••••+++++++++++•••••• ••••••••••••••••••••••••••••••••••••••••••11111••••••••++1111111 

1111111111111 Ill ••••••,.111111++•+•+•+•••••••••••••••••••• ••••••••••••••••••••• ••••••••••••••••• •••11111+++•••• • +11111 1 
111 111111111111 11•••••••111111 Ill••••••+••••••••••+•••++++• •••••••••••••••••••••• •••••••••••••••••••••••Ill I I++ +++++++ I I I I I 
111/IIJIIII IIIIIIIIII++ + I I IIIIIIIII++ ++++++ +++ ++++••••+++++ ++ ••••••••••••••••••••••• ••••••••••••••••••••••••1 111+•+ • +••++1111 
1 11111 111 /11111111111111111111111/l+++++•••······· ·· ································· ••• ····················••1111 ·······•Ill/ 

!Hiii!Hii!Hii!!H;!i!:!Hi!!!!!!mmnmmmmm~m~~g~~~~~~~~~~~~gg~~m~~~~~~~~~~~~~~~~~~~~~~~~~~gfimmmg~ 
111/IIJIII II JIIIIIIIII I/IIIIIIII IIIII+++++t+++III•+IIIJ•••••••••••••••••••••••••••••••••••••••••••••••••• • •••••••••• III/ ++++ ++/11 

: ~ ~ ~ ~ ~ ~~:: ~: ~ ~: :: ~ :~: ::::::::: ~:::: :~ ;:::::::::: :::::::: :; ;;::::::::::: :::::::::::::::::::::::::::: ::·::::::: :::::::::!:: ;:: :;: ::: 

liliii!Hl!lHiillHHi:iilllllilillll:E:il:lllllilml!~gm~~~~~m~~~mmm~~mgm~~=:~m~~~~~~~~~~~~~~~~mm gllll 
11111/IIJ//IIIIIIIJIIIIIIIIIIIII IIIJIIIIIIIIIIJIIIIJII ••••••••••••• • ••••••••••••••••••••••• •••• •••••••••• •••• •••••• ••1++/111 
11111 1 111 1/ lll/1111111 111 1111 11/lllllllll 1111111111111 •••• 11111 11 11111•••••••••············· ···················•••11+1111 
IJI//Jif//111111111111 111/1111 11/l l l/111111 ••• 11111/111111111•••••••••••••••••++++ • • •••••••• • •••• ••• • • •• 11++111 
l/lllllllllll/llll lll llllllll lllll/ 111111 11111111 1111 11• • 111111111111111111•••••••••••••••++++ ••• ••• •••• • •••••• • ••••111++/.t 
11111111111/IIIIIIIIIIIIIIIIIIIJIIIII/IIII/IIIIIIIIIIIIIIIIIIfllll/llllllll/1•••••••••••••••••• •••••••••••••••••••••• 111•+•1 
/llllllllllllfllllllllllllllllllll/1/lll/1111111111111/llllll/111111/1111111•••••••••••••••••••· 11111• •·· · ·· ·· · ··· ···• 111/+++ 
111111111111/IIIIIIIIIIIIIII/IIIIII/IIIIJ/1111111111111 11111111111111111111••••••••••••••••+++11 /1111• •••••••••••••••• 1111/ ++ 
111111 1111111 / l/ llllllll/llllllllllllll/111 111111111/JIIIII/IJIIII•••••••••••••••••••••••++++fl 11111 ••••••••••••••••••11111+ 
1111/flllfiiii/IIIIII//IIJIII/IIIIIIIII/IIIIIIIIIIIIII/IIIIIIIII/If•••••••••••••••••••••••++++l/ 11/11•••••• ••••••••••••• 11111 
lll/lll/llllllllll/lllllllllllllll/111111111111111111111111111111111••••••••••••••••••••• +++Ill 111/JI• •••••••••••• •• ••• Ifll/ 
lllllll l lllllllll l llll l lll//1111111111111111111111111/ 111111111111 ••···················· •••Ill 11111111 ••••••••••••••••• 1111 
11111/ll/lllllllllllllll/lllllllllllll/111111111111111 1111111111 • • •••••••••••••••••••• 1 ++Ill 1111111111••• •• • •••••••••• 111 
lllllllllll/lll/ll/11111111111111111111/llllllllllllllll/1/ll//f•• ••••••············••ll ++/Ill 1111111111 ••••••• • •••••• ••111 
II/I/III/JIIIIIIIIIIIIIIIIIIIIIII/11/IIIIlllllll/lllllll/llfllll/1111••••••••••••••••111 ++/Ill 11/11111111 •••••••••••••••• 11 
111111/lllllllll/lllllllllllllllllllll//llll/llllllllllllllllllllll/ll ••••••••••••••• lll 111111 111111111111• •• •• •• • • •• •• • •1 1 
111111111111111111111/IJ/IIIIIIIIIIIJIIIJIIIJIIIIJIIIJIIIIIIIJIIIIJIII• ••••••••••••• JIIIJII/11 1111/11111111+ •••••••••••• •/ 
11/IIIIII//JIIIII/IIIJJIIIIIIIIIIIJIIIII/1111111111111 IIIII IIJIJ/111 ••••••••••••••• 11/1 /IIIII 111111111111•+•++ ••••••••••• 

O&h E•fH.• ES "'f 1.00 

VAL UE 1U'4GE FOP f_ &C W lEVfl 

1:m 
1 CHLS lll' 

_?: .]]) 
].000 

blZ7 

ACiilE&GE 70,ZZ4.~0 lll~oa . -.7 201!1 1 Z . bl 

1 t4ECUifS Zl! ~ zq .J' "'-~'9~~.18 Jl .Hbo6tl 

S ... li.ES 101; , Jlb4 1ql.I!IZS7 H8.0U7 

OfltC E"'T ]), 0 7 

S1,.1 0LS FO~ . ~::~ . ~ ! ' ! . ~!~!~ •• 111111111 
••••••••• ••••••••• 111111111 ::::: :::: ::::::::: ~~~~~~~~~ 

Figure 15. Soils interpretive map--excavation limitation 
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Table 2 is now utilized for selection of the data to be 
composited to produce a Least Suitable for Urban Use Map.

First, the soils SYMAP datafile is copied off the 
master file and sent to program KENUM. All the cells repre
senting soil unsuitable for septic tanks are given the 
number one. All other cells are numbered zero. The newly 
created datafile is temporarily held in the computer system.

Next, the physiography SYMAP datafile is sent to 
RENUM. This time all cells representing land within a 
floodplain are numbered two. All other cells are numbered 
zero. Finally, the physiography datafile is sent again to 
RENUM only this time all cells representing land with a 20% 
slope or greater are numbered four and all other cells are 
numbered zero.

There are now three new datafiles ready for input to 
program OVERLAY. Figure 17 displays the OVERLAY map created 
by compositing the unsuitable septic, floodplain, and 20% 
slope information. Level one represents soils unsuitable 
for septic tanks, level two represents a floodplain, level 
three represents the overlap of levels one and two, level 
four represents the 2 0% slope, and.levels five through seven 
are the overlaps of previous levels. The white areas 
represent land that is in some other category other than 
the least suitable category for urban use.

A unique numbering system has been utilized for 
the compositing operation. You will notice that the numbers
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one, two, and four are assigned to the three data groups.
No addition of two of these numbers will give the third. 
Therefore, on the map, if a level is given 'the value five, 
this level represents the overlap of unsuitable septic tank 
soils and land with 20% slope or greater.

A further example should help clarify this 
numbering scheme. If five resource factors are utilized 
for the least suitable rating of land for a given use, all 
land areas that contain one or more of these factors are 
delineated on the least suitable map for that given use.

Least Suitable:
Resource Factor Unique #

A 1
B 2
C 4
D 8
E 16

If a given land area contains all five factors, the map 
legen level that represents this land area is the level 
that contains the number thirty-one within its numerical 
range. This number is derived by the■addition of all the 
unique numbers. Perhaps another land area contains only 
resource B and resource D, then the level that represents 
this land area contains the number ten within its numerical 
range. .By giving each resource factor a number that can. 
not be obtained by the combination of any of the other 
resource factors, the identification of the factors leading
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to the least suitable rating of particular land areas can be 
made. This numbering system will aid the land use planner 
because it will show accumulative factors leading to the 
classification of land for a given use. Only the least 
suitable for urban use maps were reproduced in the pre
ceding discussion. The compositing runs for the moderately 
restricted, restricted, and suitable urban use maps were not 
displayed to avoid repetition of the mapping process.

Future Plans 
The natural resource information obtained from 

Cochise County is now stored on computer tape for future use 
by the county's planning staff. A remote computer terminal, 
when acquired by Cochise County, will allow the planning 
staff to activate the computer mapping program, SYMAP, by 
telephone. From their office in Bisbee, Arizona, the 
planning staff can create computer maps with the desired 
natural resource information. These maps could then be sent 
to Bisbee by mail. The staff need not leave their office.
It is hoped that this ability to produce soil interpretive 
maps and land use suitability maps will aid efforts to plan 
the-wise use of their land.



CONCLUSION

The computer has the capability to store large 
amounts of natural resource information. The information 
can be processed and output in map form to show the geo
graphical location for each natural resource. -Of primary 
importance is the computer’s capability to produce addi
tional maps that show interpretations of natural resources 
for different uses.

If we are to assign the job of land use planning to 
any given agency or agencies, there must be made available 
the needed information in a form which can be understood.
The computer's capability to composite natural resource 
information in map form can be invaluable to the planner. 
After the value judgments related to a particular land use 
have been made, the computer can produce the maps outlining 
the areas that meet the requirements for each land use being 
studied. This is important when considering multiple uses 
of land. The computer has great potential as a tool for 
land use planning.
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