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ABSTRACT

Basically, two questions prompted this study: (1) is a digital

soils data base needed? and, if so, (2) which system or systems can

handle and present soils information most efficiently and effectively?

Objectives were: (1) to identify needs and problems of a

digital soils data base, (2) to evaluate many systems for handling

soils information, and (3) to choose systems and use them to demon

strate the capabilities of computer-assisted spatial analysis and

mapping systems in handling soil information.

Computerized soil surveys and digital soils data bases are

needed because soils information is used in the planning process

for nearly all types of development. Since original soil surveys

may be complex, simplified presentation should be directed to each

of many users.

The needs and problems surrounding the development and use of

a digital soils data base were assembled. On 55 systems out of more

than a hundred systems as much information as possible was assembled

from published literature, company brochures, and response to

questionnaires. Questionnaires were returned from 50 Soil Conserva

tion Service (SCS) state offices, 30 Land Grant Universities, and 4

SCS Technical Service Centers.

To demonstrate how data are stored, manipulated, and retrieved

from a computer-assisted system, the two systems chosen for further
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consideration and extensive testing were the Map Information Assembly

and Display System (MIADS) and the Information Manipulation System

for Grid Cell Data Structure (IMGRID). MIADS was used by the SCS

state office in Nashville, Tennessee, and TVA's Natural Resource

Service at Norris, Tennessee, had IMGRID. MIADS had interactive

editing capabilities; IMGRID did not.

The two systems were tested on a five minute (approximately

6900 hectares) portion of the Concord Quadrangle covering parts of

Loudon, Knox, and Blount counties in Tennessee. These computer-

assisted systems were used to join soil survey information from three

counties into one project area. Grid cells of 1 .08 hectares (2.68

acres) were used for both systems. Most of the encoded data were

taken from soil surveys. However, land use was determined partly

in the field and partly from interpretations of 1975 aerial photo

graphs and a 1968 revised topographic map. The capabilities of MIADS

and IMGRID were demonstrated by using encoded soils data along with

other information from topographic maps. Interpretive and single

factor maps such as suitability for farmland, depth to bedrock,

land capability class, and slope were produced to show how detailed

soils information can be simplified for a particular user.

Both MIADS and IMGRID were used for combining land use with

soil interpretations to show how different kinds of farmland are

used. IMGRID was used to combine proximity to roads, streams, and

residential development with interpretations from soils to show

suitable landfill sites. Potential landfill sites not conflicting
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with development were also displayed with IMGRID, but this could not

be done with MIADS.

Patterns on IMGRID maps are easier to see than those on MIADS

line printer maps because of the overprinting capabilities of IMGRID.

However, IMGRID patterns become more difficult to see as the number

of classes increases. Maps with 3 to 5 classes are much easier to

comprehend than those with 10 or more classes.

Of the two systems selected to demonstrate the capabilities

of computerized systems, IMGRID was capable of performing more

analyses than MIADS. Thus more kinds of information could be

handled and presented using IMGRID. However, because of the greater

volume of data processed by IMGRID the total cost of encoding,

keypunching, and other operations was greater than for MIADS.

Direct comparison of costs for the same operation could not be made

because the way of charging for processing differed between the SCS

computing center in Nashville and the TVA computing center in Morris.

Evaluation of the maps and supporting materials produced by

the two systems leads to the conclusion that IMGRID is definitely

a more effective system for processing resource information.

Further investigation of costs would be needed to determine how much

is saved by MIADS.
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CHAPTER I

INTRODUCTION

The purpose of this study was to explore computerization of

soil surveys and to investigate which system or systems could be used

to produce interpretive maps for use in planning.

Special objectives were: to identify the needs and problems

surrounding the development and use of a digital soils data base; to

identify and evaluate many different computer assisted spatial

analysis and mapping systems in relation to the use of soils informa

tion in preparation of interpretive maps, performance of analyses,

and management of data; to test the ability of each system to join

soils information from two or more surveys and combine it with other

resource information; to show how data are input, manipulated, and

retrieved from each system; to test two systems and use them to

demonstrate the capabilities of computer assisted spatial analysis

and mapping systems to handle soils information.

To accomplish these objectives and to select two systems to

demonstrate computer capabilities, many systems had to be identified.

Information was obtained on more than 100 systems from the literature,

conversations with vendor representatives and users of some systems,

and from answers and literature received in response to a question

naire prepared by the researcher and sent out to the Soil Conservation

Service (SCS) state offices and technical service centers and to major
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Land Grant universities. From this information more than 50 systems

were compared to determine if any of these systems would be suitable

for the final comparison. Several of these systems were capable of

doing the job, but all of them could not be selected.

After evaluating the 55 systems, the two selected to demonstrate

the capabilities of computers were the Map Information Assembly and

Display System (MIADS) and the Information Manipulation System for Grid

Cell Data Structures (IMGRID). MIADS was used by the SCS in the Nash

ville state office. The Tennessee Valley Authority (TVA) Natural

Resource Services, Land and Forest Resource Division in Norris,

Tennessee, used IMGRID. The study area selected was a five-minute

portion of the Concord 7-1/2 minute Quadrangle in East Tennessee.

Soils information, land use, and selected roads and streams were

obtained from existing documents such as published soil surveys, a

topographic map, and aerial photographs, along with some field check

ing. The data were encoded, corrected, rated or grouped by single

factor or interpretation, analyzed, and combined with other data in

various ways. For example, soil mapping units were rated for prime

farmland and other interpretations and factors. These interpretations

and factors were printed as line printer maps and combined with land

use and other information to make composite maps that may show con

flicting or nonconf1icting uses. Maps produced by both systems were

evaluated and compared to determine their usefulness for resource

planni ng.



CHAPTER II

REVIEW OF LITERATURE

A. Policies and Potential Solutions

Consideration of national and state soil conservation and land

use legislation has accelerated the demand for soil data that can be

analyzed or combined with other variables. Planners and soil

scientists have combined efforts to develop interpretive maps that

can be used for environmental land planning. Interdisciplinary teams

are working toward integration and development of combined problem-

solving abilities to fully utilize the potential of the data

(Meyers et al., 1974).

To obtain the necessary data to comply with new regulations and

policies, new and better ways of handling information must be developed

Soil data can be readily accessible to allow for soil interpretations

to meet user needs if it is digitized and stored in computers. Soil

interpretations now made by using manual techniques are time consuming
and expensive (Nelson and Johnson, 1976).

Soil data can be easily examined, studied, and compared with

other resource data when the computer is used to store, sort, and

recall the data. No more than two or three map overlays can be con

sidered at the same time when manual studies are performed on map data.

The computer can compare soils with an almost infinite number of other

types of data. Any data that can be displayed on a map can be put into
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a computer system (Tennessee State Planning Office, Natural Resource

Section, 1975).

B. Data Acquisition and Communication

The data that are of most concern to land planners are soils,

land use, transportation, and environmental information. Whenever

possible this information should be obtained from existing documents

such as published soil surveys, topographic maps, and other sources.

Faster methods for acquiring new data and better ways of

communicating existing information are needed if better decisions are

to be made in a reasonable amount of time. The current method of sur

veying soils is too slow and expensive and may not fulfill the data

needs in the required time period (Myers et al., 1974). Remote

sensing techniques were used to collect soil data in South Dakota

because they were available and could be used almost immediately. How

ever, in some regions, remote sensing techniques may not be available

for general soil information. Therefore, other methods may have to be

applied. The Tennessee Valley Authority (TVA), at Norris, Tennessee,

for example, has been utilizing experts in various fields to produce

landtype maps (Fink and Elder, 1982). These maps are produced by

teams consisting of soil scientists, geologists, and biologists. They

can be interpreted for some of the same purposes as the published soil

survey. However, although the resulting map is more generalized it

can be developed in a few weeks or months, while detailed soil surveys

usually take longer. The term landtype map was used in Bailey's
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hierarchy for ecosystems (Bailey, 1976). He defined nine levels in

his classification scheme. The amount of detail increases in ascending

order as levels increase. The maps produced at TVA correspond to

level seven of Bailey's classification scheme.

Another factor to consider is how to communicate the complex

soil survey information to the public. Fenton (1975) said that agri

cultural land values differ for several reasons and soil survey infor

mation is a valuable tool for evaluations and tax purposes. Many

other interpretations can be made from this information. Jansen and

Fenton (1978) found communicating soil survey information to the pub

lic more difficult than other maps because soil survey information is

complex and the needs of land users and planners are varied. Use of

the comprehensive soil maps may be difficult for people interested in

only one or two characteristics for a specific interpretation. Because

an efficient way is needed to sort out soil information, computers are

increasingly used to store and process this information.

C. Generalized Information

General soil maps are needed because of the limited number of

facts that the human mind can comprehend simultaneously. General soil

maps are made for large areas ranging from about 250,000 sq km to 250

sq km and it is suggested that no more than 18 soil associations be in

the legend (Simonson, 1971). These maps may not be justified by what

is shown on them but in what can be grasped and understood. General

soil maps show landscape characteristics and provide soil behavior
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predictions that are adequate to formulate a plan (Bartelli, 1966).

On the other hand, a detailed soil map is necessary for application

of the plan.

Webster and Burrough (1972b) said that soil maps may be produced

by delineating areas for different management as part of the process

for land use planning. They indicate that the larger the area of soil

with the same management capability, the more freedom a planner has to

design a site for a particular use. But, at the same time less infor

mation is contained in each area. General soil mapping is normally

done by experienced surveyors applying their skill to judge and classify

soil (Webster and Burrough, 1972a). The computer can help to simplify

complex and detailed information. Also, data can be handled quickly

to produce maps of different kinds. It is the need for several kinds

of interpretations that makes computers a necessity for simplification

of soils information for resource planners.

Nichols and Bartelli (1974) found computer-generated maps to

be useful, especially for general planning. They indicated that the

Soil Survey Manual emphasizes the need to organize soil maps to

present information for the universe under consideration. Computer-

generated maps allow design of maps to fit specific needs for the

user.

Computers can be used to generate interpretive maps by selecting

the dominant soil within a grid cell by estimation from the detailed

soil map (Nichols, 1975). By rating the dominant soil in each unit

or grid cell the user can then generate interpretive maps as a graphic
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display on unllned paper. The user has the benefit of detailed soils

information on which to base each decision because the original data

remains in the system and is available for many different

i nterpretations.

D. Geographic Information Systems

Several feasible schemes have been developed for storing the

many types of geographic information (Thorpe, 1977). She recognized

that not all schemes or data structures are good for storing all

types of data, so one approach may be to choose simple, general

schemes well suited to the types of data that land use planners and

researchers use most. Hill et al. (1974) found that computer

systems developed without sufficient preliminary design and field

involvement may be unnecessarily limited in scope and lacking in

proper user documentation.

The major differences in geographic information systems are

confined to the manner of storage, processing, and output of data.

Data are stored in the form of grid cells, polygons, lines, and

points. The two most widely used methods of storing data are grid

cells and polygons (USDA Forest Service, 1976). The general

characteristics of these two methods are described in Table 1.

Software packages (computer programs) have been developed by

universities, government agencies and private firms. The major pur

pose of such systems and packages is to serve the particular needs of

the agencies and to solve their specific problems (Brassel, 1976). A

large number of comprehensive mapping systems, geographic information



Table 1. General characteristics of grid cell and polygon methods
of storing spatial data in digitized form.

Grid cells

1. Maps are subdivided into small cells identified by one or two
characters.

2. Printer characters are codes which define characters on a line
pri nter.

3. Boundaries between separate areas are implicit through changes
in codes but not explicitly drawn.

4. Smallest delineable area is the unit cell.

5. Extraction is by cell code only.
6. Area statistics represent global counts of all cells.

7. Overlaying can be performed routinely only for map layers of the
same scale.

8. Hardware requirement limited (computer, keypunch, cardreader,
and printer).

9. Not difficult to learn.

10. Use of the system is relatively inexpensive.

Polygons

1. Maps are divided into polygons according to selected attributes.
2. Polygon boundaries can be delineated with as much fidelity as

necessary.

3. Polygons can be extracted by number, characteristics, or selected
area.

4. Systems vary considerably in the map processing options offered.
5. Hardware requirements include a computer, line printer.

digitizer and plotter

Operation of the poly
amount of training an

7. Use of the system is fairly expensive.

6. Operation of the polygon plotting systems requires a substantial
amount of training and technical support.

Source; Adapted from the U.S. Forest Service, 1976.
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systems, and data manipulation software have been developed in this

envi ronment.

1. MIADS

One software package evaluated in this study is the Map

Information Assembly and Display System (MIADS). Amidon (1964)

stated that maps contain information that is basic to land management

planning. MIADS can be used to transform conventional map symbols

into two character codes which are punched into cards. A land

manager can then assemble and display these codes by computer for a

specific job. Amidon (1966) said that a computer-oriented system

could be used to record, update, assemble, and display map information

quickly and efficiently.

The MIADS system is made up of a set of four relatively simple

computer programs and one International Business Machine (IBM) package

program. Each program performs certain fundamental operations that

are involved in manipulation and processing of point-area mapping

systems. Although the system lacks sophistication in terms of what

is possible at the state-of-the-art level of automatic data process

ing, the operations that are available may be combined in diverse

orders and sequences to provide a powerful, flexible, and economical

tool for processing planimetric maps (USDA Soil Conservation Service,

1972).^ MIADS can: create and maintain a master file of coded data

^USDA Soil Conservation Service. 1972. MIADS/360 unpublished
paper.
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for a series of maps for any project area; translate or convert sets

of codes from one or two base maps to a new set of codes on a new

map; combine and merge original or translated codes from two maps to

derive a new map; and, perform frequency counts and expansions for

the various codes to comprise a map and summarize the contents of a

map, and graphically display the maps on a printer if desired.

Dissmeyer (1975)^ used MIADS for stratifying watersheds by
soils and other factors that have an effect upon the management of a

watershed. MIADS produces a category map and tables containing the

area of each strata and the total area of the watershed. This

system converts conventional map data into a two-character code

system capable of describing approximately 2,200 different strata.

2. IMGRID and Modeling

Physical land variables may impose limitations on the potential

of land for a variety of human uses. These limitations can be deter

mined by a capability analysis of the land which is a systematic and

quantitative evaluation according to Chiesa et al . (1975). This type

of analysis is most useful early in the planning process, e.g.,

examining potential sites for a proposed project. The physical

variables considered in a capability analysis can be combined with

social variables to produce a suitability analysis which can be used

as a basis for regional planning.

2
Dissmeyer, G. E. Unpublished paper. 1 975. MIADS—a new

tool in water resource management. Hydrologist, Division of Flood
Prevention and River Basin Program state and private industry. U.S.
Forest Service, Atlanta, Georgia.
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The Information Manipulation System for Grid Cell Data

Structures (IMGRID) is a package of computer programs designed for

the manipulation of natural resource and land planning data which is

qualitative in its thematic content and varies over geographic space

(Sinton, 1976). The specific manipulative capabilities of IMGRID are

designed to help land-use planners and designers analyze the natural

and man-made characteristics of an area or region. The IMGRID system

uses a series of keywords to perform various mapping, analysis, and

modeling techniques. It can perform all of the functions that were

outlined in the MIADS system, except IMGRID uses overprinting to

produce gray level maps and is limited to mapping 20 levels per run.

The original IMGRID was written by Sinton at Harvard University to be

used as a teaching tool, but version 2.5 has keywords by Vesper and

Kilpack of the Holcomb Research Institute, Butler University, and by

Holmes of TVA in Norris, Tennessee, where it is installed. Version

2.5 of IMGRID was used to do the analyses and produce the IMGRID

maps shown in this study.

E. Map Referencing Systems

Beavers (1978) stated that a spatial reference system

provides the framework for expressing and representing attributes of

land characteristics in a computer-assisted land information system.

A spatial reference system provides this framework in a systematic

partition of continuous sets of points. These sets of points

represent the earth or a portion of the earth. Spatial reference

systems are developed by one basic process with several variations
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based on coordinate organization, on measurement base, and on origin

definition. The process is easily outlined for developing a spatial

reference system. Sinatra et al. (1973) stated that the computer

must be able to identify every location on the surface of the map

which it prepares. An X-Y grid coordinate system allows the computer

to identify, locate, and separate any one point from all other points

on the map.

Berry and Marble (1968) said that "spatial data varies from

place to place and from time to time." Geographic data stored in

association with some defined area, can generally be converted easily

to another type of data structure so that data from projects not

designed for that system can be processed (Thorpe, 1977).

A large amount of information is needed for regional modeling

as related to simulating the behavior of human ecosystems, and there

must be some way of referencing this information to points on the

ground and locations of specific points on maps and photographs.

Tucker (1971) evaluated several proposed reference systems and con

cluded that for automatic data processing the geographic (or geo

detic) reference system of latitude and longitude is far preferable

to any other system. Such a system was selected by Fenton (1975)

for use in Iowa because of its prevalence and the ease of referencing

field data and previously existing data. After evaluating several

3
Tucker, T. C. 1971. Some considerations on a reference

system for geographical location in a computer-based regional modeling
data bank (unpublished memo). Oak Ridge National Laboratory, ORNL-
NSF Environmental Program, Oak Ridge, Tennessee.
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referencing systems McCroskey (1975) concluded that the geodetic

system of latitude and longitude was the best reference system to use

for large regions.



CHAPTER III

DIGITAL REPRESENTATION OF SOILS INFORMATION

A. Information Content of Soil Surveys

The soil survey is a major source of information about

landscape characteristics now being used for regional planning. The

first approximation of regional plans may be based on generalized

information about landscapes. Since general soil maps are developed

through orderly abstraction from original field surveys, they pro

vide behavior predictions and reveal landscape characteristics that

are adequate for formulation of a general plan (Bartelli, 1966).

Good inventory procedures are needed to make full use of soil

survey information because it is presented on a wide range of map

scales. For example, detailed soil maps show mapping units in

sufficient detail to be significant to decision makers at all levels.

Interpretations based on such information aid in the improvement of

detailed plans. Combination of these small units may be used also

for maps at intermediate levels of generalization.

Parker (1973) suggested that the complexity of soil survey

information is one reason why computerization of the data is needed

to simplify it for various users. Jansen and Fenton (1 978) found

soil survey information to be difficult to communicate to the public

because soils data are relatively complex and there is a diversity of

information needs among land users and planners. Therefore, an

14
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efficient way is needed to sort out information required by a specific

user group. The use of computers is a logical solution for storing

and processing soil information.

Computers are used to store, manipulate, and retrieve large

amounts of soils and other natural resource data. The main use has

been computer generation of interpretive maps. Interpretive maps,

as referred to in this study, are generalized from detailed soil

maps either by manual or computer-aided techniques. Two basic types

of interpretive maps are produced: single purpose and single factor

maps. Single purpose maps, such as suitability for septic tanks,

are made after a qualified person, usually a soil scientist, has

rated the soil mapping units for certain uses such as suitability

for farmland, suitability for septic tanks, or suitability for

sanitary landfill development. Single factor maps, such as slopes,

are made by abstracting data such as slope or depth to bedrock from

the mapping unit descriptions. The major concern of this study is

the use of computers to simplify existing soil surveys to make them

useful to a variety of land users and planners. Bie (1980) noted

that computers have won acceptance also as support for traditional

soil map making and as a component in the development of quantitative

methodology for soil survey.

Some characteristics of soils data pose many problems that may

not be associated with other data. Problems involved in utilizing

the current cooperative soil survey as a tool in regional environ

mental analysis and some solutions devised to accomplish this task

will be discussed in this chapter.
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Some of the problems encountered when computerizing soils

information are due to the different ways in which soil surveys are

published, inclusion of features other than soil map units, and

different scales of the source maps. Published soil surveys and

manuscripts have many sizes, shapes, colors, and materials. For

example, if the encoding process is done by placing a grid over the

photobase soil map, symbols in wooded areas may be hard to read, or

the grid may not fit precisely because of instability of the

material that the map was printed on. Also, some of the older soil

surveys were printed on distorted photobase maps. Since information

from such old soil surveys is still useful, better ways must be

developed to use it. In order to combine soils data from these

surveys with other resource data, some type of ground reference

system is necessary. Combination of data from distorted photobase

maps with data from a base that is planimetrically correct is

difficult. For example, combination of land use data recorded on

the U.S.G.S. topographic map with soil data recorded on a distorted

photobase map may cause problems. Of course, the soil surveys that

are published today have less planimetric distortion than some of

the older surveys.

A detailed soil survey includes in its legend all mapping

units in the survey and presents them by three grades of alphabetical

ordering. The Soil Survey Manual lists three kinds of surveys: the

detailed, reconnaissance, and detailed reconnaissance as original

maps (Soil Survey Staff, 1951). The National Cooperative Soil Survey
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now recognizes five orders of surveys ranging in detail and scale from

high to low intensity. Each of these surveys has its own legend and

degree of intensity. With manual techniques it is difficult to use

these surveys interchangeably for planning.

B. Reasons for Digitizing Soil Data

Interpretations and planning for various uses of soils can be

aided by either manual or computer-aided techniques of handling soils

information. Both are similar in structure and sequence in that the

data have to be acquired, organized, encoded, manipulated, analyzed,

and finally put in a form for use by decision makers.

For many one-time projects, manual processes usually are more

economical in terms of personnel and time. However, if data are to

be used for more than one project, computer-aided techniques may be

more practical. Decisions as to the better technique should consider

the analyses required, the analyses that could be undertaken, the

amount of data that must be handled, how often it must be handled,

and how quickly results must be attained. One is likely to select a

computer-aided system when there is a large volume of data, the data

are used frequently, or the problems have a certain degree of

similarity. For example, if it is probable that the land use and

soils data will not be used together to answer questions, then the

manual approach may be the best choice. However, if in the future,

it is much more likely that other questions will be asked about urban

development on soils capable of supporting agriculture, the
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long-range cost effective method would probably be the computer-

aided system, even though the initial costs may be higher (Calkins

and Tomli nson, 1977).

When selecting a computerized system for soil information

one should consider the cost of printing the interpretations needed,

and the desire for combinations with other data. In a well designed

system, visual displays of soil interpretations can be done ver

satilely and efficiently, once a digital file has been created. Maps

can be printed as needed to meet user demands. The maps may be

inexpensive, costing as little as $6.00 a copy, according to Nichols

and Bartel1i (1 974).

A good system will allow one to select and portray soil

information of interest to a particular group of users and to omit

all other facts and details (Jansen and Fenton, 1978). Summaries and

maps can be printed to show only the particular types of soil infor

mation and detail necessary for a given purpose.

One advantage of the computer-generated map is that the

detailed soil mapping units are retained in the system for greater

precision in interpretation (Nichols, 1975). The detailed soil map

may have between 50 to 100 mapping units that can be computer trans

lated to three to five classes of limitation, suitability, or

potential for each use. Nichols (1975) points out that a map with

only three to five kinds of divisions or units can be easily under

stood. Computer-generated maps have the advantage that any one of a

number of single interpretations can be produced from the 50 to 100

detailed mapping units.
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Mdps reflecting the soils potential for major land uses are

basic tools of planners. Such maps can be made from stored data by

merging original or translated codes. Other soil-related charac

teristics important to planning can be displayed by single-factor

interpretive maps. Data such as roads, boundaries, streams, and

cultural features are also of importance, and can be integrated with

digital soils data.

C, Input of Map Data in Digital Form

A digital data base may consist of cells, polygons, lines,

or points. The size and shape of map units are particularly

important in a cell base system, because these components will

determine if a map unit is captured in the encoding process when

large cells are used. For example, if soils suitable for growing a

particular high value crop are in narrow units along streams, most

of them would not be encoded if large cells were used. This is just

one reason why size and shape of map units are so important when

determining the cell size to be used. McCroskey (1975) studied cell

sizes as related to data capture and cost, and found that 1 .08 hectare

cells (2.68 acre) were sufficient for capturing soils data efficiently.

The amount of extra time and cost incurred by using even smaller cell

sizes could not be justified by the amount of soil data gained. Of

course, the smaller the cell size, the more data will be captured

accurately, but using present technology, additional accuracy may

become economically unsound below a cell size of about one hectare.
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Soil surveys are generalized to some extent when one hectare cells

are encoded because long and narrow soil mapping units may not be

captured in the encoding process. The smaller the cell size, the

more detail the system will capture, but likewise, the more informa

tion the computer has to handle. For example, if 1-acre cells were

used instead of 1 .08 hectare cells (2.58 acres) the computer would

have to handle 2.68 times as much data.

The soil map contains much information in the form of symbols

indicating gravel pits, wetness, areas of rock outcrop, and erosion.

The symbols are informative to the map user, but may be hard to

digitize, especially if automatic scanners or digitizers are used.

Also, delineations on a soil map form many different patterns,

including those which are commonly called "donuts." When one soil

map unit completely surrounds another, both the inner and outer unit

make up the donut. These donuts present a problem for some polygon

systems, because in simple polygon systems the area of the inner

unit may be summed twice, once as part of the outer unit and again as

itself. To solve the problem of summing the inner area twice in a

polygon system a line can be drawn from the outer edge of the inner

unit to the outer edge of the outer unit. This will give the com

puter a starting and stopping place when summing area. Donuts do

not present a problem for grid cell systems, because the area of each

cell is summed independently of others.

"Soil map scales vary from several hundred miles to the inch

to about 1 mile equals 12 inches" (Nichols and Bartelli, 1974). The
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scale problem may be handled in several ways in a grid cell system.

One is to choose a grid that has the same scale as the source

document and encode the data in a fixed matrix that would allow

coverage of the area at any scale. Another is to redraw data

boundaries to a common scale base map.

Problems such as soil names changing from one county to the

next are generally solved by producing and joining interpretive

maps, rather than the original soil maps. Even though similar soils

may have different names across county lines, interpretations are

usually the same. Another way to handle the soil name problem is

to have a qualified soil scientist give similar soils the same name

in all counties of the project area.

Methods of input vary, depending on the system used. Grid

cells can be used to sample soils data for input in various ways.

Two frequently used methods of grid cell coding are the center dot

method, and predominant type coding. The center dot method uses a

grid that is generated with a dot in the center of the cell. This

grid is overlain on the source document, and the units that lie

below each dot are coded. Predominant type coding consists of

assigning each grid cell the value that makes up most of the cell.

With both of the methods, data are lost in proportion to the size

of the cell used.

Another way that grid cells may be used is to create a

polygon by placing a grid over the source material, and drawing a

series of horizontal and vertical lines to form the polygon. This



22

system was demonstrated by the author at the Oak Ridge National

Laboratory in a cooperative effort with the Soil Conservation Service

to encode soil survey information. The polygons produced in this

manner are only estimates of the true polygon because portions of the

adjacent polygons are cut off or included in the new polygon. Other

systems use a series of points connected by lines, and the more points

used, the closer the representation of the true polygon.

Another way of putting data into computer systems is by

polygons or lines. One problem shared by some polygon systems is

that the lines between adjacent polygons are traced twice, and often

a double trace can be seen on the output if the lines are not traced

exactly both times. However, by using line segments and tracing

only the lines that do not share common borders with the adjacent

polygon and connecting them at points called nodes, this double

trace can be eliminated. Peucker and Chrisman (1975) used the term

"neighborhood function" to describe input with line segments where

both sides of the line are identified. With soils data, this has an

advantage over a grid cell or polygon system because, in many cases,

the adjacent soils help determine how a site is to be used. Polygon

systems which do not show what is in the adjacent polygon are

seriously handicapped in use for soils data. Grid cells are useful

for production of interpretive maps which show whether like cells

occur in a cluster large enough to support a specific land use.

However, some grid cell systems produce maps that are hard to read

when all symbols in the legend are printed.
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The methods discussed so far have dealt with manual coding

techniques except for double tracing of lines between polygons, which

is manual coding in the sense that an operator moves a cursor over a

digitizer. Other problems are identified with use of automatic

scanners. The procedures are elaborate and impressive, but some

times a great deal of preparation has to be done before these scanning

devices can be used. For example, a published soil survey has many

lines that have nothing to do with soil boundaries. Before the

scanning device can work properly, a source document with only the

soil boundaries must be secured. The different separations used in

the printing of the survey may serve this function; otherwise, one

must manually draw only the soil boundaries from the published

survey. The Advance Mapping System (AMS) that was developed by the

SCS uses a scanner to encode soils data (Johnson, 1979).

Another factor to consider when map data are input in digital

form is resolution. Resolution as related to this study means how

fine or accurate a line is drawn between two polygons or how closely a

stream or road can be represented. The resolution of the system

depends largely on the method of input, output, and the capabilities

of the equipment used to accomplish these steps. For example, in

cellular systems the resolution is dependent on the cell size used.

With polygon and line systems, the devices used to handle the data

are capable of producing products with greater resolution than is

needed for most jobs. Therefore, resolution for polygon systems is

not generally dependent on the equipment but on the time and expense

the user is willing to bear in order to gain the desired resolution.
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D, Graphic Display Hardware

A great variety of hardware devices can be used to display

the products from any soils-based information system. The choice of

devices is a matter of purpose and cost. Because money is usually a

limiting factor, decisions may be made which limit the display

capability of the system.

There are many options among graphic display devices. Some

are:

Hardcopy vs. CRT display (cathode ray tube)

Color vs. monochromatic output

Cell display (raster) vs. vector display

Single line width vs. multiple line weights

Size of output (physical dimensions)

Resolution of the display

Medium of output (vellum, film, printer-paper)

Basically, there are three options. The earlier systems used

the alphanumeric line-printer to give graphic displays by overprinting

characters to give shades. The standard line-printer types 10

characters per inch across the page and 8 characters per inch down

the page. Line-printer output is inexpensive, in part because most

operations already have a 1ine-printer, so no additional hardware is

needed. One disadvantage of line-printer output is that each

individual character is evident and the output can be identified as

coming from the computer. The IMGRID and MIADS systems are based on

line-printer output.
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The second option in display devices is the cathode ray tube

(CRT). These devices are available in a wide range of resolutions

and color capabilities. The thing they all have in common is that

the displays are ephemeral—they do not produce a hardcopy. CRT's

are best for interacting with the system for analysis or editing,

because the results of changes can be seen immediately.

The third option is the plotter—a device designed to produce

a hardcopy graphics image. Some vector plotters can draw smooth

lines in a variety of widths on any kind of media in sizes of

0.9 meters (3 ft) by 1.8 meters (6 ft) or larger. Such plotters

can be purchased to plot within 0.127 to 0.025 millimeters (0.005 or

0.001 inches) or finer. Electrostatic plotters draw fine lines by

printing a matrix of dots from 40 to as much as 160 per centimeter

(100 to 400 per inch). Plots from such devices closely resemble plots

drawn with a pen on paper. Devices are also available to produce

color plots on either paper or film. The output from many plotters

cannot be distinguished from the best work of a draftsman.

Because there are so many options available, a system can be

configured to meet any need. Generally, budgets will be the limiting

factor so that compromises will have to be made in setting up a

system. For this reason, the purpose or purposes of the system should

be thought through before any hardware is purchased.

E. Data Base Management

For ease of system use, there must be programs or routines

that permit the creation and use of data bases. To be a useful
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systGm thGTG must 6xist thG ability to add new data, delete existing

data, change or modify existing data, add files, and delete files.

The system should have routines that would allow the user to combine

different kinds of data to create a new file. For example, it

should be able to combine soils information with land use and other

data.

Another important feature of data base management is the

capability to update and edit data. In some computer systems,

updating or editing of data requires replacement of the entire file,

thus making the procedures lengthy and expensive. However, such

procedures can be shortened if interactive editing capabilities are

available. For example, MIADS and IMGRID were in the SCS office in

Nashville and at TVA Norris, respectively. MIADS had interactive

capabilities and IMGRID did not. The systems were set up this way

by choice of the two computer centers. When using MIADS, changes

were quick and results could be seen within seconds. However, when

using the IMGRID system with cards, changes could not be seen until

a new job was printed and that might require between 2 hours and

3 days.

Perhaps the most important consideration in automated data

processing is to be sure that the data are free of errors. That even

small errors in a data file may cause serious trouble when combined

with other data, is just one reason why editing of a data file is so

important. Changes in an area should be added to a data file to keep
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information current. This is especially true for information like

land use that is constantly changing.

Updating of information is necessary as conditions change.

For example, if landfill interpretations from soil surveys are to be

combined with residential development from the land use map, the

land use map should be updated to include all new subdivisions, towns,

and roadside residences. By updating residential developments and

other land uses as they change, costly errors in planning may be

avoided. New subdivisions spring up every day and systems with easy

update capabilities can handle new additions and updates with ease.

Calkins and Tomlinson (1977) said that the management function

is probably the most deficient area of information systems developed

for land use planners. One reason is that most of these systems are

developed to help solve the problems of one discrete project. There

fore, they are usually rather limited in scope and their inadequacies

surface only in the time of crisis. The required features can usually

be designed into the information system at the beginning if thought

is given to long-term objectives. To inject these features on a

crisis-by-crisis basis is more expensive in the long run. The amount

of required time and personnel is greater if an information system

is not adequate.

P. Data Analysis and Display

To be viable, a system should be able to perform analysis

functions and combine soils data with other resource data. Some
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decisions require information about soil, water, political

considerations, ownership, and various other kinds of information

for site planning. These are but a few of the reasons why a geo

graphic information system should be able to perform some functions

such as overlay, window, search, weight, scale, recode, and merge.

1. Overlay

Overlay compares two maps and selects areas that represent the

intersection of polygons or cells according to specified criteria.

For example, if one map represents soil phase and a second map

represents land use, an overlay operation can be performed to

determine areas with combinations of open space land use and soil

phases that are suitable for farming. The overlay feature is impor

tant because it can be used to show areas that are undesirable for

the purpose the user had in mind, e.g., restricted areas overlap a

soil that may be satisfactory for the use intended, as shown in

Figure 1.

2. Wi ndow

To window a display means to look at only part of the total

display. Thus, if the soil boundaries of Knox County are digitized

and available on the system, we might want to window in on only the

northeast corner of the county. If windowing were available on the

system we could define a rectangle in the northeast corner of the

county and display only that part of the county within the rectangle.

With a subsequent window we might narrow our focus to a single soil
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Soil

Stream pattern

Wildlife refuge restricted

Soil A

Area lost to wildlife in

soil A.

Figure 1. An example of the overlay feature. Area shown as
restricted to wildlife is lost for all other uses.
Adapted from COMARC Users Guide (1978).
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boundary along the base of a ridge. Windowing is particularly

important in interactive systems for analysis and editing.

3. Search

Search, as applied to a cell-based system, can be performed

by assigning each cell a value based on its relative proximity to a

specific condition or item, e.g., distance from a river or highway.

Searches performed by some polygon systems are accomplished by con

verting polygons to cells before performing the desired search. The

question generally asked when a search is performed is, what distance

is a certain condition from a line or point? Is it too close or too

far away from a road or stream, for example? A search can be used

to determine how much is within a restricted area or how much land

with a certain desirable characteristic is within a given distance

of a road or stream.

4. Weight

Weighting allows the user to assign certain values based on

relative importance in the overlay procedure. For example, the

characteristics of a certain item may be considered 10 times more

important than that of another for a specific use. The charac

teristics can then be weighted 1 to 10, and values assigned according

to the highest value the area is weighted for. This allows the user

or decision-maker to base a decision on the effects certain practices

will have on a particular site.
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5. Scale

Scaling allows the user to input data from unsealed source

documents and scale the data within the system to fit a known base.

It also allows the data to be rescaled in order to be combined with

other data that may already be in the system at a different scale.

Another advantage of scaling is that the output can be rescaled to

assure that it will be within the limits of the printer or plotter.

Not all systems have the capability to rescale data once they are

encoded. The systems used in this study cannot rescale data.

Although these problems are common with grid cell systems, many

polygon systems have the ability to rescale data after encoding.

6. Recode

Recoding the data allows the user to reassign values within

an existing map. It may be used to reduce the complexity of the

overlay operation by combining various data classes.

7. Merge

Merge is used to fit adjoining maps or to merge data from

separate layers into one map.

6. Computer Size

The large volumes of data generated in the processing,

registration, manipulation, and storage of the input data require

computers with large memories. New advances in technology have per

mitted the use of minicomputers and microcomputers to do jobs that
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once required the use of large machines, A typical system with

capabilities for processing soils information would consist of a

digitizing table, cathode ray tubes, a plotter, a magnetic tape unit,

an exchangeable disk drive, and a minicomputer, together with alpha

numeric terminals (Bie, 1980). The COMARC system consists of a mini

computer, a plotter, tape and storage disk, together with a menu

where the user can select the kind(s) of operation(s) to be performed

(COMARC Users Guide, 1978).

Results can be seen as each step is executed when using a

minicomputer and a CRT unit. The same operations can be performed on

large computers with a CRT attached, but higher costs can be expected.

In the past, larger machines used the card method of input, and

graphical displays were shown on a line printer. These procedures

were performed off-line, which was unacceptable for digitizing soil

information. To effectively input soil and other data for graphical

displays, a continuous stream of coordinates and codes should be

entered and displayed so that each step can be checked for accuracy.

According to Bie (1980), on-line digitizing now dominates computer-

aided soil cartography, thus reducing the need for large, expensive

computers to digitize and process soil information.

H. Functions of IMGRID and MIADS

1. IMGRID

The IMGRID spatial analysis system will display on a map up to

20 variables. Since most soil legends have more than 100 units, not
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all units can be mapped at once. Therefore, interpretations are

mapped by assigning new values to the legend to group the soils into

fewer units, usually four or five. For example, Knox County has

175 mapping units in its legend. These units are interpreted for

important farmland and each was assigned to one of five classes.

The classes were prime farmland, other important farmland, other land,

wetness, and water. Reducing the number of units from 175 units to

five made them more easily understood. All functions in IMGRID are

performed through the use of keywords. The user has to make a

decision about which keyword will best carry out the function intended

because usually several keywords may be used to accomplish the same

result. For example, XRecode and XChange can both be used to assign

new values to the data. The difference is that XRecode has to follow

an implied order to change each value in a file or to give it the

same value, but with an XChange any value or group of values can be

changed without affecting values that are to remain the same.

IMGRID has 34 keywords that perform various operations. Only

18 were used in this study: (1) ASearch, (2) End, (3) Interp,

(4) Map, (5) Matrix, (6) Overlay, (7) Recede, (8) Reloc, (9) Reject,

(10) Rename, (11) Search, (12) Symbol, (13) Text, (14) Update,

(15) XChange, (16) XMatrix, (17) XRecode, (18) Zone. A brief

description of the function of each of these keywords is in

Appendix D.
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2. MIADS

The Map Information Assembly and Display System (MIADS) Is a

method for taking descriptive maps and associated quantitative data

and making them available for analysis and decision-making. MIADS

uses both handwork and computer. The process starts with a source

map that shows various land characteristics. Each different item of

information wanted from the map, such as soils, water, and land use,

is defined and given a two-character code. The use of a character

system in MIADS/360 makes about 2,200 codes available. A rectangular

grid is placed over the source map, and each grid cell is assigned

the appropriate code. The entire map is hand coded a line at a time.

The map is divided into strips for coding and display. Each row has

36 two-digit cells, two cells for map identification symbol, two

cells for strip identification, and four cells for line numbers; the

wider the map, the more strips—columns of lines—are required.

Mapped codes are then transcribed to punch cards. The cards are

then fed into a computer.

Input data - Program MI is the master file creation/update

segment of the MIADS system. Its operations are implied by the

system flow chart in Figure 2.

MIADS was used as flowcharted with the exception that no title

cards were read into the system. The titles were put in the appro

priate places using the time sharing terminal.

The next step is input data - Program M2A, the first of a

three-step process. The second step is the generalized IBM sort/
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Figure 2. Flowchart that outlines the sequence of cards needed to
put data into the MIADS system. Adapted from USDA Soil
Conservation Service (1972).
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merge program; and the third is program M2B of MIADS. This three-

step process or phase is the translate/combination component of

MIADS. All data manipulations and analysis functions are performed

by using the two words-translation and combination. MIADS operations

are implied by the system flowchart in Figure 3.

Translations and combinations were performed on the time

sharing terminal instead of using the traditional card method.

The final input-program M3 designates the map to be tabulated

and displayed and supplies the total area of the map. There is only

one type of control card for this program. The system flowchart of

program M3 is shown in Figure 4. This process was also performed on

the time sharing terminal.

The series of flowcharts about the MIADS system show how

translation is used to generalize the data. For example, in most

soil surveys, there are 100 or more mapping units that can be

generalized by making certain interpretations. Through translation

in MIADS, soils with similar characteristics can be assigned to the

same group to reduce the usual 100 or more mapping units to four or

five units. Combination was used to combine files such as Knox County

with Loudon County. It was also used to combine various kinds of

resource data. For example, land use was combined with interpreta

tions from soils such as suitability for farmland. Finally MIADS

was used to produce maps and summary tables.
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Figure 4. Flowchart showing input into file MS to create tabulations,
displays, and error messages. Adapted from USDA Soil
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CHAPTER IV

AN EVALUATION AND COMPARISON OF SYSTEMS

A. General Criteria Defined

The purpose of this chapter is to identify some of the

criteria used to examine, evaluate, and compare "off the shelf" com

puter software for possible use in providing accurate and complete

information to aid in the decision-making process. The evaluation

is based on the system's ability to meet user needs from the stand

point of: (1) data storage, (2) geographic reference, (3) data

retrieval, (4) interpretation, (5) combination of data, (6) perform

ance of analysis functions, (7) graphics, and (8) statistical output.

Systems that did not have the capability to make interpretive maps,

perform certain analyses, combine data, and produce graphic and

statistical output were eliminated. After evaluation in this

manner, final selection of two systems for this study was based on

their availability for use.

1. Storage

There are many types of geographic information and as many

different schemes for storing it (Thorpe, 1977). Certain storage

schemes or data structures are appropriate to some types of data but

not to others. Perhaps the best approach in system development is to

choose simple, general schemes well suited to the type of data land

use planners and researchers most use.

39
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Geographic data, that is, data stored in association with

some X-Y ground coordinate information or with some defined area,

can generally be converted easily to a different type of data

structure so that data from projects not designed for a particular

system can be processed in that system.

In order to store resource data such as soils, the system

must allow some flexibility; that is, it must be able to accept data

in one or more of several forms.

a. Cells. The simplest and least expensive method of storing

data is by grid cells. The main problem with grid cell representation

is loss of information. The amount lost can be minimized by using

smaller cells. However, the smaller cells require more time in the

encoding processes, and increase the cost. Two ways of encoding

resource data by grid cells are the center dot and the predominant

type methods. They were discussed in Chapter III under Input of Map

Data in Digital Form.

b. Polygons. This method requires a more sophisticated system

and more time for the user in terms of data preparation and encoding.

Several methods are being used by different workers. Some of these

methods were described in Chapter III under Input of Map Data in

Digital Form.

c. Lines. Resource data are represented most accurately if

put into a computer system by lines. The method is more complex and

requires more time for data preparation and encoding. Lines are
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developed by a matrix of dots that can produce a line with data

identified on both sides. Lines were discussed in Chapter III under

Input of Map Data in Digital Form.

Whether lines, polygons, or cells are used, the alphanumeric

characters of soils data present another problem that has to be

solved. Systems which deal only with numeric characters create a

problem for the user trying to input soils data. The entire soils

legend has to be receded to numeric characters. This increases the

chances of error and gives the user another set of records to keep.

One can see that there are problems with encoding soils data no

matter which method is used to input the data.

2. Spatial References

Spatial reference systems are used in a computer-assisted

land information system to systematically organize data. But it goes

beyond that because land characteristics represented by the data

have space as an attribute of their definitions (Beavers, 1978). For

example, a soil phase defines an area of relatively uniform physical

and biological properties. When a soil scientist indicates on a soil

map a particular soil series and phase, a number of spatial attributes

enter into the determination of the placement of the soil area. For

example, inclusions, the shape of the area, minimum area limit, and

distribution of spot conditions which affect potential uses of the

area are some of the attributes. In a computer-assisted land informa

tion system, a spatial reference system provides a framework for

expressing and representing these attributes of land characteristics.
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There are several referencing systems in existence. All of

them are developed by one basic process with variations based on

coordinate organization, on measurement base, and on origin

definition (Beavers, 1978). The three most commonly used referencing

systems are: (a) the geodetic latitude/longitude, (b) Universal

Transverse Mercator (UTM), and (c) State plane coordinates.

a. Geodetic latitude/longitude. The geodetic system of

latitude and longitude provides a unique and continuous coverage of

the earth's surface. Beavers (1978) stated that "the equator is the

zero point for latitude, but there was no zero point for longitude

until an international conference in 1884 established the observatory

at Greenwich, England, as the ordinate meridian with the assigned

value of zero degrees longitude." The unique location of any point

on the earth's surface may then be located in terms of two angles

(Figure 5). These two angles are the basis for the geodetic reference

system.

The continuous coverage permitted by using the geodetic

reference system shown in Figure 6 is important when dealing with

spatial data. On the other hand, since longitude lines converge with

increasing latitude, units of the geodetic system are not square or

rectangular. Because the geodetic scale approximates the spherical

shape of the earth, this increases the difficulty of displaying maps

without distortion. However, this small amount of distortion is

usually less than the precision of plotting in mapping. That the UTM
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Figure 5. Geocentric based reference point,
a definition of a reference point
Adapted from Beavers (1978).

The geometric
on the earth's

basis for
surface.
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40°
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7590° 50°
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30
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Figure 6. Large region coverage using the geodetic reference system
shows continuous coverage of the United States. Adapted
from Beavers (1978).
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ref6rGnc6 systGm and the State Plane coordinate reference system do

not provide this continuous coverage of large regions is shown in

Figure 7.

Figure 7. Large region coverage using the UTM reference system shows
the UTM zone boundaries at six degrees of longitude inter
vals. Adapted from Beavers (1978).

b- Universal Transverse Mercator (UTM). The UTM system is a

regional reference system that is extensively used in information

systems in the United States. The UTM reference system is based on

zone partitioning to limit scale distortion. There are nine zone

boundaries across the United States at six degrees of longitude

interval (Figure 7).

The UTM system design is shown graphically in Figure 8. The

coordinate origin of each zone is located at the intersection of the

central meridian and the equator. The zones are divided by northern

and southern hemispheres. True unique location identification in UTM

coordinates requires a zone number, a hemisphere designation, and
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two coordinates (Easting and Northing) given in meters as determined

on the transverse mercator projection and adjusted by the UTM scale

factor. In many cases, the two coordinate values for points in a

particular zone and hemisphere will be sufficient location

identification.

c. State plane coordinates. The State plane coordinate system

is similar to the UTM system in that it is a regional reference

system that is used extensively in the United States. Also, it is

based on zone partitioning to limit scale distortion. The State

plane coordinate reference system has more than one hundred zones in

its coverage of the United States. This large number of zones pro

vides good scale accuracy throughout the coverage. However, the

area and shape of most States require two or more zones for coverage.

Every zone boundary marks a transition into a new zone reference

system, which means that extensive computations must be made in

spatial analyses involving the interface of two of these zone

reference systems. This can become more complex when considering

that not all zones are based on the same type of projection in the

State plane coordinate reference system. For example, Florida

has one zone based on a Lambert conic projection and two zones based

on a transverse mercator projection. The State plane coordinate

reference system is more suited to applications where required

coverage is confined to one zone.
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3. Retri eval

Once data have been entered into a system, an effective means

of retrieval must be available. Several points that should be con

sidered are: (a) degree of difficulty, (b) the equipment needed (CRT,

printer or plotter), and (c) programs necessary for retrieval.

3- Degree of difficulty. The easier data can be retrieved

from the system, the more desirable the system becomes, because most

users are not computer programmers. The computer is a tool used by

people with interests other than computer science as well as people

with interest in computer science to manipulate and organize data to

aid them in making a decision.

b- Equipment needed (CRT, printer or plotter). Some systems

require specialized equipment to enter and retrieve resource data,

such as the graphic CRT and various kinds of plotting devices. Since

these kinds of equipment are expensive, cost should enter into

selection of a particular system to be used in the handling of

resource data. There are several systems that use the standard line

printer and are relatively inexpensive to purchase and operate. Of

course, the line printer does not offer the accuracy that is available

with certain plotters or CRT units, and the printer may not give true

representation of the cell unless the print is comparable to the

dimensions of the cell. However, these systems are sufficient for

resource data and can do the job until better or more economical

systems are available.
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c. Programs. Programs are a part of a computer system that

can be called upon by the user to manipulate the data as desired.

Some systems require more than one program to retrieve and manipulate

data. These systems are structured so that some of the programs

required can be handled by persons not trained in computer science.

4. Interpretations

The user must be able to make certain interpretations from the

basic data. For example, interpretations from soil data might be:
(a) prime farmland, (b) depth to bedrock, and (c) suitability for

septic tanks. The system must be able to group soils in a manner that

will show areas that are best suited for each of the uses listed as

well as others an analyst might desire. Also, it must show the next

best, down to areas where soils are undesirable or not suited for the

purpose the user had in mind.

5. Combination with Other Kinds of Data

To make certain decisions, the user needs to know more about

an area than just the capabilities of the soils. For example,

information may be needed about (a) the present land use,

(b) vegetation, (c) geology, and (d) distance from points to lines

such as roads and streams. Because more information is sometimes

needed to make the best decision, the system must be able to combine

these, along with other resource data, with soil interpretations to

give the user the information desired.
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6. Performance of Analysis Functions

The more appropriate data a decision-maker has and the more

ways these data can be analyzed, the better the chances are that the

right decisions will be made. Some of the analysis functions that

the system should be able to perform are: (a) search, (b) overlay,

(c) window, (d) proximity, (e) weight (index), and (f) make interpre

tative maps. Of course, there are others that may be just as

important, and the more of these functions the system can perform,

the more useful it becomes. Most of the functions are discussed in

Chapter III and some examples are shown in Chapters V and VI.

7. Graphic Output'Capabi1ities

Output units are necessary and important to the graphic

capabilities of a system. For example, an engineer or draftsman

would desire an output unit capable of producing accurately to a

thousandth of an inch or less. Such accuracy is not needed or

required in resource data handling. One reason is that the input

data are not that precise. The user still needs to know the limits

of the system in terms of what kind or how many output devices the

system can use. The line printer is most widely used because it is

a standard piece of equipment in most computing centers, and systems

using the line printer are usually not as complex as those that use

the CRT or some kind of plotter.
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8. Statistical Output

In order to evaluate the suitability of an area for a specific

purpose, some type of statistical data must be presented. Informa

tion systems handle this task in various ways: (a) frequency count—

some systems using grid cells simply count the number of occurrences

of a particular type of data, (b) tabulation of area—other systems

multiply these occurrences by the size of the cell and give an area

total, (c) percentages—some systems give the percent of area

occupied by each different kind of soil, for example, and

(d) proportion—how much of the land is suitable for the intended

use.



CHAPTER V

METHODS AND PROCEDURES

A. Preliminary Study of Systems

The initial evaluation of systems was performed by determining

the usefulness of existing Geographic Information Systems (GIS) for

producing interpretive maps from soils information. In an attempt

to find what systems were available and what their capabilities were,

a questionnaire was prepared by the researcher in 1979 and sent to

50 Soil Conservation Service (SCS) state offices, major land grant

universities, and to 4 technical service centers of the SCS. There

were 20 questions on this questionnaire (a copy of the questionnaire

can be seen in Appendix C). Response to these questionnaires was as

follows: forty-eight questionnaires were returned from the SCS with

about 60% of the respondents saying that they did not use the com

puter to produce interpretive maps from soils information; and twenty-

seven questionnaires were returned from universities with 63% saying

they did not use the computer to produce interpretive maps from soils

information. Although many of the respondents did not use the com

puter, they all expressed a desire to know what was being done in this

field and encouraged this type of research.

Information was obtained on more than 100 systems from the

literature and from materials received in response to the question

naires. Many of these systems were eliminated from comparison

51
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because they were not developed with mapping capabilities. Others

were still in the developmental stages and could not be evaluated

fairly during the course of this study. A preliminary evaluation of

the remaining systems will be used to demonstrate the capabilities of

the computer in the production of interpretive maps from soil survey

information. From these data 55 systems were identified that seemed

to be operational and included mapping capabilities (see Table 2).

B. Evaluation of Systems

Of this group of 55 systems left after the initial cut it was

possible to identify the following characteristics for 41 systems.

These systems were evaluated on the basis of the hardware needed to

operate the system; the programming language in which the system was

written; the mode of operation (batch or interactive); the method by

which the system will accept data (cells, polygons or lines); how much

memory is required to operate the system; and, more important, the

availability of the system for use during the course of this study.

The 41 systems identified as having the capability to perform

the required storage, retrieval, analysis and display functions are

listed in Table 3. This information was assembled from literature

obtained from response to questionnaires and from literature by the

USDA Forest Service (1976) and the U.S. Fish and Wildlife Service

(1977). There were other systems that showed some promise, but

information was hard to get from the literature and from response to

the questionnaires. There were indications some systems could perform



Table 2, List of 55 existing Geographic Information Systems.

System Acronym
Agency, University, or
Business Organization System Acronym

Agency, University, or
Business Organization

ADAPT

AMS

AUTOMAP

BNDRYNT

CADDS

CAM

CART 8

CBMS

CGIS

W. E. Gates and Associates CLAR 1
Batavia, OH 45103

Soil Conservation Service CMS 1
Lanham, MD

Environmental Systems
Research Institute CMS II

Redland, CA 92373

Ministry of Urban Affairs
Ottawa, Canada COMLUP

Computervision, Inc.
Bedford, MA 01730 COMPIS

CIA

U.S. Dept. of Comm. CRIS
Springfield, VA 22151

Instronics, Ltd. ECOMAP
Stittsville, Ont. Canada

Soil Conservation Service EPPL
Temple, TX

Canada Land Inventory
Ottawa, Ontario

Colorado State Univ.
Ft. Collins, CO

EDA

U.S. Dept. of Comm.
Washington, DC

Federation of Rocky Mtn
States

Ft. Collins, CO

U.S. Forest Service
Ft. Collins, CO

COMARC Design Systems
Lakewood, CO 80228

Bureau of Land Mgt.
Denver, CO

Colorado State Univ.
Ft. Collins, CO

Earth Systems Research,
Inc.

Minneapolis, MN

iS)

CO



Table 2 (continued)

System Acronym

EPPL-2

EPPL-4

FACTS

GELO

GIM

GRID

IMGRID

INFORM

LIM

Agency, University, or
Business Organization System Acronym

Earth Systems Research,
I nc.

Minneapolis, MN

Minnesota Land Mgt.
Information Systems
Minneapolis, MN

Purdue University
Lafayette, IN

U.S. Forest Service
Berkeley, CA

Environmental Protection
Agency, TRW Systems, Inc

Redondo Beach, CA

Harvard University
Cambridge, MA

Harvard University
Cambridge, MA

U.S. Forest Service
Berkeley, CA

U.S . Forest Servi ce
Berkeley, CA

Agency, University, or
Business Organization

LIMAP

LUAS

LUIS

LUMAD

LUMIS

LUMP

MA DPS

MAGI

MAP/MODEL

South Dakota Planning
Bureau

Pierre, SD

National Aeronautics
and Space Adm.

Bay St. Loui s , MS

Univ. of Massachusetts
Amherst, MA

U.S. Geological Survey
Reston, VA

Cal Tech-JPL
Pasadena, CA

Univ. of California
Berkeley, CA

Montana State Univ.
Bozeman, MT

Environmental Systems
Research Institute

Redland, CA

Uni V . of Oregon
Eugene, OR (jn



Table 2 (continued)

System Acronym
Agency, University, or
Business Organization System Acronym

MIADS-2

MIADS/360

MS DAMP

OCAP

ORRMIS

PLANMAP-1

PLANMAP-2

PLANMAP-3

U.S. Forest Service
Berkeley, CA

Soil Conservation Serv,
Ft. Worth, TX

Univ. of Iowa

Iowa City, 10

Ohio Dept. Natural Res.
Columbus, OH

Oak Ridge National Lab.
Oak Ridge, IN

New York State LUNR
Inventory,

Cornell Univ.
Ithaca, NY

New York State LUNR
Inventory,

Cornell Univ.
Ithaca, NY

New York State LUNR

Inventory
Cornell Univ.
Ithaca, NY

PLOT

RAMP

R3MAP

SAG

STOPIN

STORET

SYMAP

TOPAS

TRAS

Agency, University, or
Business Organization

U.S. Forest Service
Berkeley, CA

U.S. Forest Service
Berkeley, CA

U.S. Forest Service
Berkeley, CA

U.S. Fish and Wildlife
Servi ce,

Ft. Collins, CO

Engineering Topo Labs,
U.S. Army

Environmental Pro
tection Agency

Cincinnati, OH

Harvard University
Cambridge, MA

U.S. Forest Service
Berkeley, CA

Univ. of Massachusetts
Amherst, MA

en

cn



Table 2 (continued)

System Acronym
Agency, University, or
Business Organization System Acronym

Agency, University, or
Business Organization

TRI U.S. Forest Service
Berkeley, CA

WRIS U.S. Forest Service
Berkeley, CA

URIS Genessee/Finger Lake
Regional Planning Bd.

Rochester, NY

c- h these systems was compiled from published literature by the U S
in f ̂  ' ̂ ̂ »"=" mfoririatioJI inresponse to a questionnaire by the researcher.

tJl

CTt



Table 3. Summary of characteristics of selected Geographic Information Systems.

Hardware (CPU)
Programmi ng Operation Geographi c Requi red

System Language Envi ronment Data Type Memory

ADAPT IBM 370 or POP 15 FORTRAN Batch and IRREGULAR IBM = up

AMS
Interactive Triangular GRID to 200k bytes*
Interacti ve Li nes

AUTOMAP IBM 360 FORTRAN Batch Cell 240k bytes
120k bytesBNDRYNT IBM 360 FORTRAN Batch and Line to

CADDS
Interacti ve polygon

Data General FORTRAN Interacti ve Arc, polygon. 128k bytes

CAM
poi nt

IBM 360 FORTRAN Batch Point, line. 250k bytes

CART 8 POP 8c
polygon

Assembler Interacti ve Symbol, point. 32k bytes

CEMS
line, polygon

UNI VAC 1100/400 COBOL Batch Cell 25k
CGIS IBM 360/370 PL-l/x (Maj.) Batch and Li ne 300-1000k bytes

Interactive
CMS I UNIVAC 1108 FORTRAN Batch Cell 250k bytes
CMS II IBM 360/370 COBOL Batch Input-Polygon

COMLUP
or cell

CDC 3100 FORTRAN Batch Arc 32k words**
COMPIS Data General FORTRAN Interacti ve Li ne, 64k bytes

CRIS
point, polygon

CDC CYBER FORTRAN Batch and

Interactive

Polygon

ECOMAP CDC 6400 FORTRAN Batch Cell 100k words
EPPL-2 CDC 6400 FORTRAN Batch Cell 60-150k words
EPPL-4 CDC 6400 FORTRAN Batch Cell 60-150k words
FACTS CDC 6500 Interacti ve
GELO UNIVAC 1108 Batch and

Interacti ve
Li nes

tJl



Table 3 (continued)

System Hardware (CPU)

GRID

IMGRID

LEMS

LIM

IBM 360

IBM 360

UNIVAC 1108

UNIVAC 1108

LIMAP IBM 360/370
LUMAD IBM 370

LIMIS IBM 360

LUMP Burroughs 6700

MAGI IBM 360
MAP/MODEL IBM 360/370
MIADS - 2 IBM 7040
MIADS/360 IBM 360

MS DAMP

OCAP

ORRMIS

IBM 360

IBM 360

IBM 360/370

PLAN MAP 3 IBM 2316

PLOT IBM 370

R3MAP UNIVAC 1108

SAG

STOPIN
CDC 6400

CDC 6600

Programmi ng
Language

FORTRAN

FORTRAN

FORTRAN

FORTRAN

FORTRAN

FORTRAN

ALGOL

FORTRAN

FORTRAN

FORTRAN

FORTRAN

FORTRAN

PL/1
FORTRAN

FORTRAN

FORTRAN

Operation
Envi ronment

Geographic
Data Type

Batch

Batch

Batch

Batch and

Interacti ve
Batch

Batch and

Interacti ve

Interacti ve

Batch and

Interacti ve

Batch

Batch

Batch

Batch

Batch

Interacti ve

Batch

Batch and

Interactive
Batch and

Interactive
Batch and

Interactive
Interacti ve
Batch and

Interacti ve

Cell

Cell

Points, lines.
Cell

Landsat

Input = line

Li ne and eel 1
Cell

Cell

Polygon
Alpha, cell
A1phanumeric
eel 1

Cell

Line segment
Hierarchal/
cell

Cell

Polygon

Cell

Polygon
A1 pha

Requi red
Memory

150k bytes
32k bytes

320k bytes

113k bytes
64k bytes

210k bytes

50k words

75k words cn

00



Table 3 (continued)

System Hardware (CPU)
Programmi ng

Language
Operation
Environment

Geographic
Data Type

Requi red
Memory

TO PAS

WRIS

UNIVAC 1110

UNIVAC 1110

FORTRAN

FORTRAN

Batch and

Interacti ve
Batch

Di gi tal /
terrai n

Polygon

*Byte: A sequence of adjacent binary grids operated upon as a unit and usually
shorter than a computer word.

**Word: An ordered set of characters which occupies one storage location and is
treated by the computer circuits as a unit and transferred as such.

cn

KO
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a certain function, but there was no explanation as to how it was

done. Nor was there any information on how data entered the system

or the kind of equipment needed. Some of the systems were developed

by people outside the agency or university. Response to the

questionnaires indicates that the users did not understand how these

systems were put together. Such systems were eliminated from further

study. Other systems were eliminated because they were not accessible

and did not have enough soils data encoded to judge their efficiency

in dealing with soil data.

C. Selection of Systems

MIADS and IMGRID were selected because they had the

capability to produce interpretive maps from soils data and were

available for use in this study. Characteristics of these two

systems are shown in Table 4. Since both MIADS and IMGRID are grid

cell systems a special effort was made to acquire the use of the

COMARC system which utilizes polygons. This idea was abandoned

when it was learned that the SCS in North Carolina had been trying

unsuccessfully for more than a year to produce interpretive maps

using the COMARC system. For these reasons the MIADS and IMGRID

systems were the only two available for comparison.

The computer systems IMGRID and MIADS were selected to

demonstrate the capabilities of a spatial analysis system for

several reasons: (1) both systems were available and accessible for
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Table 4. A comparison of the IMGRID 2.5 and MIADS/360 systems showing how data
are processed by the two systems in 1979.

Common Characteristics
IMGRID MI ADS

Data Base

Data Input

Control Information

Discrete Lines

Discrete Point

Processing Mode

Graphic Display

Statistical Summary

Error Detection

Resolution

Data Editing

Data Storage

Core Requirements

Wi ndowi ng

Data Receding

Scale Modification

Overlay Maps of
Different Scales

Composite Mapping

Information Display

Catalog of Map Data

Island Processing

Map Display

Geographic
Coordi nates
Available

Minimum Area

Map Size

Proximity (Distance)

Max. Number of Shades

File Correction wi th-
out Total Replacement

Cell

Row

Keyword

Yes

Yes

Batch

Line Printer

Frequency Counts
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the researcher's use, however, for program security MIADS was operated

by SCS personnel and it was available for use in this research only

if data were prepared and given to the SCS for processing; (2) both

systems have been used successfully for producing interpretive maps

from soil information; (3) the SCS and TVA have a cooperative agree

ment, and show interest in a comparison of the systems; and (4) if

both agencies could use the same system or compatible systems some

problems with shared information could be eliminated.

The reasons polygon systems were not chosen for this study are:

(1) they are relatively new with little or no soils information

encoded; (2) there was no polygon system accessible to the researcher;

and (3) company literature obtained on these systems was not

encouraging from a users standpoint.

The information needed to demonstrate the capabilities of the

two systems was collected and encoded by the researcher. All key

punching was done at TVA's data processing unit. Soils and other

information were stored on both the IMGRID and MIADS systems and

checked for errors. For the IMGRID system known errors were corrected

and all of the maps were produced by the researcher. For the MIADS

system known errors were corrected by the researcher, but all other

operations of the system were performed by SCS people on the time

sharing terminal.

D. Selection of Study Area

A five-minute section of the southeast corner of the Concord

seven and one-half minute quadrangle located in the Valley and Ridge
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physiographic region of east Tennessee was selected for study (see

Figure 9). The area has published soil surveys and provided an

excellent opportunity to deal with some of the problems that are

encountered when computerizing resource data, especially soil data.

Some anticipated problems were;

1. Parts of three counties, Loudon, Knox, and Blount, lie in

the study area. The soil surveys for each are published

at scales of 1 :15,840, 1 :24,000 and 1 :20,000, respectively.

2. Problems of overlap and lack of information along the

three county boundaries.

3. Inaccuracy of the base maps for the three-county area.

4. Conflicts may occur when resource data from one base map

are combined with that from another. For example, when

soils from the soil survey map are combined with land use

from a topographic base some conflicts between water and

land can be expected, because of distortion in the photo

graph or errors in the topographic map.

5. Some encoded data may not be used by all systems because

of the inability of some systems to perform certain

analysis. For example, road and stream data were not used

in MIADS because the system cannot do proximity.

6. The time required and high cost of placing resource data

into a computer-readable format for some systems. The true

cost of computerized data analysis was hard to predict

because no one really wanted to say how much it would cost

to use their computer.
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Figure 9. The portion of Concord quadrangle selected for the study
area.
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E. Data Acquisition

The kinds of maps to be produced and the analyses to be made

had to be determined before the data gathering process began. It

was decided to include the kinds of information that resource planners

need most such as: (1) present land use, (2) soils of the area,

(3) roads, and (4) surface water (lakes and streams). Then it was

decided how each of these would be used alone and in combination with

other information. For example, the soil data would be used to

produce interpretive and single factor maps such as: (1) suitability

for farmland, (2) depth of bedrock, (3) land capability classes,

(4) sanitary landfill potential, (5) erosion potential, and (6)

slope.

Interpretive maps such as suitability for farmland and land

use would in turn be combined with other resource data to produce

other maps to show the utilization of farmland and farmland lost to

development. Also, sanitary landfill interpretations could be com

bined with land use to show sites suitable for landfill that do not

conflict with development. Finally, it would be possible to show

areas that were within five cells 576 m (1891 feet) north/south and

470 m (1542 feet) east/west or greater than three cells 346 m

(1134 feet) north/south and 282 m (925 feet) east/west from a certain

condition. For example, combination of sanitary landfill interpre

tations with searches from roads, development, and water would show

sites that were suitable for a sanitary landfill, close to roads,

and far from development and water.
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1 • Preparation of Information for Encoding

Materials needed for the study area were soils information for

the area, a map showing roads and streams, and a base map for showing

present land use. The Blount County soil information was obtained

from the Blount County soil survey by Elder et al. (1959). Other

soil information was taken from the Knox County soil survey by

Roberts et al. (1955), and the Loudon County soil survey by Elder et

al. (1961). Roads and streams were taken from the U.S.G.S. topo

graphic sheet, revised 1968, which also served as the base for land

use. Light duty and medium duty roads were selected. Some combina

tions of roads and streams were necessary to cover all conditions

needed for the study. These classes are; medium duty roads, light

duty roads, perennial streams, medium duty roads and perennial

streams, and light duty roads and perennial streams. The criterion

for streams was that they be at least 5 cells long. In the latitude

in which the study area is located 5 cells are equal to approximately

576 m (1891 feet) north/south and approximately 470 m (1542 feet)

east/west. After reviewing the maps generated by the program it was

found that several errors were made while encoding roads and streams

from the topographic map. Some are: (1) a stream 6 cells long

located about 1067 m (3500 feet) southeast of the point where Beals

Chapel road makes a sharp turn located just north of the 605 river

mile marker was not encoded, (2) a stream 6 cells long located

about 305 m (1000 feet) north of the same point identified on Beals

Chapel road was not encoded, (3) a stream 5 cells long located

near and west of the junction of Disco road and Parks Ferry
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road was omitted, (4) a light duty road 5 cells long located about

610 m (2000 feet) west of Smoky Landing dock was encoded but does not

exist, and (5) a light duty road eleven cells long located about

1067 m (3500 feet) north of the Sequoyah Heights subdivision was not

encoded. When these features were checked on the maps in which the

roads and streams had been used, it was determined that these minor

errors would not materially affect the final result. Therefore, it

was decided to leave maps in the current form, but point out the

errors so that any reader would be aware of them in case the data

were to be used for purposes other than this study. Furthermore, it

was determined that many streams shown as perennial on the topo

graphic map are really intermittent.

The omissions listed above can be located on the computer map

by cell number. There are 6400 cells in the study area. Number the

cells beginning at the upper left corner of the roads and streams on

the computer map, proceeding left to right until all cells are

numbered. Using the numbering system described the computer map for

roads and streams have the following cells missing: (1) a stream 6

cells long was omitted; the cell numbers are 4412, 4413, 4492, 4572,

4651, and 4731, (2) a stream 6 cells long was omitted; the cell

numbers are 4086, 4087, 4165, 4166, 4167, and 4168, (3) a stream 5

cells long was omitted; the cell numbers are 3566, 3646, 3647, 3727,

and 3807, (4) a light duty road 5 cells long at cell numbers 4619,

4620, 4621, 4622, and 4623 does not exist, and (5) a light duty road

11 cells long was omitted; the cell numbers are 3877, 3957, 4037,
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4116, 4196 to 4200, 4280, and 4281. In order to locate these cells on

the computer map of roads and streams it was necessary to construct a

grid by drawing a series of horizontal and vertical lines.

The soil surveys of Blount County and Loudon County are of the

modern type with maps published in book form on folded photo base

sheets. These sheets were spliced together to obtain solid coverage

of the study area. Also, the boundary of the study area was out

lined on the maps after they had been spliced together. Knox County

was on a topo base with the county boundary line already on the map.

After combination and checking of the soil maps, they were ready for

the encoding process.

The land use was determined by using an aerial photograph

(1975) and a topographic map (1968) and actually driving down the

roads in the Spring of 1979 to observe land use for recording on an

aerial photograph. The area that could be seen from the roads was

again field checked in August, 1979. All maps produced by IMGRID

used 1979 land use except one. The area northwest of Fort Loudon

Lake in the study area was interpreted from the photograph and used

in the MIADS system as 1975 land use. However, some of the data on

the MIADS map is similar to 1979 land use except for the part north

west of the lake in the study area.

Land use data were transferred to a topographic map because

the aerial photograph, although the same scale, did not overlay

exactly due to distortion and poor scaling. The classes chosen for

the land use map were; (1) cropland, (2) grassland, (3) woodland.
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(4) roadside residential, (5) commercial, (6) public and semipublic

land including parks and cemeteries, (7) idle land, (8) subdivisions,

(9) towns, and (10) water. Cropland was defined as land presently

under cultivation. Grassland is pasture or hayland. Idle land shows

no particular use at the present, but was formerly used as cropland

or grassland. Public and semipublic land includes parks, cemeteries,

and any other public use of land. Roadside-residential was defined

as areas with four or more houses per 805 meters (half-mile) of road.

Subdivisions were residential developments with formal names such as

Crestwood Estates. Woodland as defined by the U.S. Forest Service is

land with more than 16.7% tree cover. Towns are defined as rural or

urban units of local government smaller than a city. However, in this

research towns mean only the populated area as outlined by the

researcher, not the incorporated boundaries. Commercial is defined

as land used to house products that are sold for profit. The term

water is used for perennial streams, lakes, and ponds where water

stands for most of the year.

2. Encoding Resource Data

The soils data are on maps of different scales: 1 :15,840 for

Loudon County, 1 :24,000 for Knox County, and 1 :20,000 for Blount

County. All other data were recorded at a scale of 1 :24,000. In

order to encode the data, a grid had to be selected or generated to

fit the scale of map to be encoded, if one was not on file. The

necessary grids were in the file at TVA.
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The center dot method of encoding a grid that had a dot in the

center of each 1 .08 hectare cell (2.68 acre) was used as recommended

by McCroskey (1975). The information that falls directly under the

dot is recorded for that cell. One advantage of this method is that

no decision has to be made as to what makes up the greatest portion of

that cell. Soils data for the three counties were encoded with care

to take out the overlap that may have occurred because of distortion

in the base or because the lines between counties were not drawn in

the same place. This caused some of the area between Loudon and

Blount counties to be void of soil information. For the IMGRID

system this area was given a special symbol. The MIADS system filled

this void with characters from the county boundary map. Land use

was encoded in the same manner as soils data.

Roads and streams were coded as being either present or absent

in a cell on a grid with enclosed cell boundaries. The present/

absent method was used to encode roads and streams because of the

need to know if either passed through the cell. However, the

dimension of the cells exaggerates the existence of roads in the

study area. In the latitude in which the study area is located a

cell is about 115 m (378 ft) north/south and approximately 94 m

(308 ft) east/west. As with roads, area of streams which are rarely
more than 6 m (20 ft) wide is greatly exaggerated by the size of the

cells. These two methods may cause site specific data to be omitted.

However, since these methods were developed for sampling data, in

either case the sample will be representative.

The time involved in preparation and encoding is presented in

Table 5.
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Table 5. Time required for preparing and encoding spatial data for a
five minute portion of the Concord quadrangle.

Soil Other

Preparation Encoding Encoding Total
hrs

MIADS 8 26 18 54

IMGRID 11 24 27 62
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3. Data Validation

Upon completion of the encoding process, the data were loaded

into the systems and checked for errors. Once the keypunching and

coding errors were removed, the data were mapped and visually

scanned to aid in locating and correcting errors. When reasonably

sure that all errors had been corrected the data were ready for

mapping and for other analysis functions. Of course, there is always

a chance that errors will be found in the data and maps after

numerous revisions. If errors are found in the data or maps they

can be corrected more easily with computer techniques than with

manual techniques.

F. Preparation of Maps

1. MIADS

In this research, a dot grid, instead of a rectangular grid

normally used by the SCS, was placed over the source map. This

method was chosen because dot grids were already available at the

desired scale and size. The data for MIADS are normally recorded

on the grid itself, but data from the dot method are recorded on

coding forms that are then transcribed to punch cards. The center

dot procedure takes more time for the encoding process and increases

the chance for making errors because of handling two items, the grid

and the coding form, but coding forms are easier for keypunch

operators to handle and may cause fewer keypunching errors. Data

are entered into the MIADS system by strips that are 36 two-

character cells wide. Three strips are necessary, but not all of the
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third strip was used because the study area was only 80 cells wide.

The data were input a line at a time as described previously.

2. IMGRID

The keywords of IMGRID were used to make all the analyses and

maps that were produced by IMGRID. All data were entered initially

into the system by use of the Interp keyword. The Update and Zone

keywords were then used to edit the data. In IMGRID most of the work

of changing data in a file has to be done in workspace. The Reloc

keyword was used to move all the data from workspace back to what is

known as semi protected space. Workspace is defined as space where

all analyses and changes in the data are made. Semi protected space

is storage for data that are to be kept. The Rename keyword was used

to rename a file that was not titled on the end run list. The Over

lay keyword was used to put fragments of three county soil maps

together to produce the entire study area.

IMGRID allowed the user to map values 0-19, but Knox County,

for example, has 175 values in the legend. The XRecode keyword was

used to group these values into five to eight groups. The Recode

keyword was used to correct some errors such as recording to fives

those values of six assigned during the XRecode. This was necessary

because the wrong values had been assigned to some units in the

legend.

IMGRID had six symbol sets stored when the file was created

but the Symbol keyword allowed the user to put desired symbols on

each map. The Text keyword allowed the user to write some explanatory
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remarks about the graphic display of the desired element. The Search

keyword was used to identify cells that were within or greater than

a specified number of cells from a specified condition. The Reject

keyword was used to reject a specific condition, for example, a five

cell buffer zone around the study area. The Matrix and XMatrix key

words were used to combine land use data with sanitary landfill

interpretations and suitability for farmland interpretations. They

were also used to combine searches from roads, water, and development

with landfill interpretations. The End keyword was used last in

each job because it stopped execution, stored current data files,

and produced an end run list showing what was in a file and where

it was located. Although not a keyword, Endt is very important

because it signals where text ends and a new keyword begins.

G. Analysis Function

Composite maps and models shown in this study were produced

with with the MIADS and IMGRID spatial analysis systems by combining

the data in the manner demonstrated in Figures 10 through 18. A

matrix was set up for the MIADS system to combine land use and

suitability for farmland. This matrix is shown in Figure 10. MIADS

fills the matrix with characters that are specified by the user and

then maps all characters if necessary. A matrix was also set up for

IMGRID to combine land use and suitability for farmland. IMGRID

fills in the matrix by starting at the upper left-hand corner and

proceeding left to right until the matrix is filled. The data are
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then recoded to reduce it to a limit that the user can understand

and to get it within the limits that the system can map. The matrix

for IMGRID is shown in Figure 11. All of the matrixes 10 to 15 were

necessary to produce the maps shown.

The first matrix, Figure 10, is a combination of suitability

for farmland and land use. This matrix shows how unique letter com

binations were created to be used as symbols on the MIADS line-printer

map of utilization of prime and other important farmland. The two

character codes above the matrix represent prime farmland (11), other

important farmland (22), other land (33), wetness limitation (44),

and water (55). The two character codes listed vertically alongside

the matrix represent land use: cropland, grassland, woodland, idle

land, subdivisions, towns, public and semipublic, water, roadside-

residential, and commercial uses. The two character codes within the

matrix are created symbols representing combinations of suitability

for farmland and land use. For example, combination of prime farmland

(11) with cropland (CL) is represented by AA. Further, IC represents

combination of idle land (IL) and other land (33). The map created

as a result of this matrix is shown in the results and discussion

under MIADS. All maps created by the various matrixes will be shown

in the appropriate places in the discussion.

The second matrix. Figure 11, makes the same combinations as

Figure 10 except it was created for the IMGRID system. The classes for

suitability for farmland and land use are the same. However, the order

of the land use classes has been inadvertently rearranged. As stated

before, IMGRID fil led the matrix by beginning in the upper left-hand corner
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and moving left to right until the matrix was filled. This method

created 50 unique classes. Since IMGRID can map only 20 classes, it

was necessary to recode the classes. Values shown in Figure 11 are

the recoded classes. Since the interest was in sites where prime and

other important farmland were being used as cropland and other uses

everything else was rated not suited except water. Originally the

system produced values 1-50. These values were then recoded to pro

duce the values shown in Figure 11. For example, the first block in

the matrix is prime farmland and cropland given a value of 1 by the

system which was recoded to a value of 2 to show cropland on prime

farmland. Further, the second block vertically in the matrix is

prime farmland and grassland given a value of 6 by the system and

recoded to a value of 3 to show grassland on prime farmland. The

entire matrix was recoded in this manner until all 50 unique

characters were given values 1-10.

The third matrix. Figure 12, was used to create an IMGRID map

that would show how much prime and other important farmland had been

lost to development. Such land has commercial and residential

development and may not be recovered easily for farming. Figure 12

is similar to the two preceding matrixes except it was recoded to

produce an IMGRID map that would show land formerly suitable for

farming that now has been developed.

Figure 13 shows a step in the development of the sanitary

landfill model. The Search keyword of IMGRID can be used to show

proximity to lines and points. Searches can be performed from a
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point called the origin and indicated by a zero in this figure.

Numbers in four directions from the origin represent the distance

in number of cells. However, a diamond shape is created by this key

word because diagnols from the origin are labeled 2 and 4 rather

than 1 and 2 and do not indicate distance from the origin.

Figures 14, 15, and 16 are matrixes of searches from roads,

development, and water that were used to produce maps by the IMGRID

system that show potential landfill sites that are close to roads and

away from development and water. However, some areas were too small

to be considered seriously as a satisfactory landfill site. The map

would be easier to use if these small areas were eliminated by

clustering or clumping only those cells which would give a value equal

to 8 or more. The ASearch keyword of IMGRID can be used to do this.

Figure 17 shows that the ASearch keyword of IMGRID was used to sum

the values of each cell and adjoining cells. All cells except slight

and moderate limitations (1 and 2) for a sanitary landfill were given

a value of zero for the ASearch. Therefore, the highest possible

value was eighteen. In order to obtain high values for the best sites

it was necessary to recode the data making slight and moderate

limitations two and one, respectively. The values 13 to 18 had slight

limitations for sanitary landfill, values 8 to 12 had moderate

limitations, and values of 7 or less were unsuited for landfill

development. These values were then receded as shown in Figure 18,

because all other interpretive maps in the landfill model show "1"

as being the best condition.



CHAPTER VI

RESULTS AND DISCUSSION

A. MIADS

The MIADS system was used rather sparingly for comparison with

IMGRID. Any MIADS operations had to be performed by Soil Conservation

Service (SCS) staff people at the state office in Nashville because

the computer was not directly available to the researcher. For this

reason, only enough maps were produced by MIADS to show the capabili

ties and limitations of the system.

The SCS had never handled data in the manner required for this

study. For example, among the three counties different legends used

the same symbol for different soils. The SCS had been handling this

problem by standardizing the legends before encoding. Since part of

our problem was to test each system's ability to join two or more

counties to produce one map, each county had to stand on its own

legend. To be able to combine different legends is important because

soil surveys are produced and encoded by county format by both the

SCS and TVA. A county approach is satisfactory for some purposes,

but project areas rarely conform to county boundaries. Therefore,

it is imperative that a system be able to use data already encoded

according to each county legend.
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A soil map combining the three counties could have been

produced because MIADS has the capability to map 2,200 characters

(USDA, Soil Conservation Service, 1972). However, such a map would

contain many errors because in some cases, the same symbol represents

a different kind of soil in another county. Certain maps were not

produced with MIADS because of the large number of cells that would

have to be processed and the amount of time it would have taken to

translate codes for production of interpretive maps. This would have

required too much time of the SCS personnel.

1. County Boundaries

The county boundary map was produced to show the location of

three areas. In this case the areas identified were parts of three

counties, but this method could be used to outline watersheds or any

other area that the user wishes to identify. From this map, MIADS has

the capability to pull out an area identified by the boundaries and to

perform analyses on that area alone. This capability was not

demonstrated in this study because data were already in the system by

county and were available for analysis by each of Blount, Knox, and

Loudon counties.

Figure 19 is an example of the county boundary map. The

legend shown on the map was added from another printout. Legends

for the MIADS system are printed on different pages. Table 6 gives

the area distribution by counties as determined by MIADS. The map

and table show that Loudon County makes up the largest portion, 43%,
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Table 6. Counties in the Concord study area—area distribution
determined from MIADS system output.

C1asses Code Cells Hectares Acres %

Blount County BL 2414 2618 6470 37.7

Knox County KX 1236 1341 3313 19.3

Loudon County LN 2750 2983 7370 43.0
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of the study area. A similar map could have been produced by the

IMGRID system. To delineate areas with IMGRID all areas must be

encoded, each boundary must be identified by the cells that make up

the boundary, and everything else rejected by using the Reject key

word. Individual county maps produced with IMGRID are discussed

later in this chapter.

2. Land Use

Figure 20 is a map produced with MIADS to show how part of the

study area was used in 1975 and how another part was used in 1979.

For the area northwest of the main channel of Fort Loudon Lake land

use was interpreted from a 1975 aerial photograph. The area southeast

of the lake was field checked in the spring of 1979 to determine land

use.

In the fall of 1979 land use of the entire study area was field

checked. The IMGRID map shows this updated 1979 land use. Since on

the MIADS map the area northwest of the lake shows 1975 land use and

was not updated, comparison of MIADS and IMGRID maps for this section

shows changes in land use. Some grassland was converted to subdivision

between 1975 and 1979. One reason for not updating the MIADS map was

because MIADS was operated on the SCS computer in Nashville. Each set

of changes required a trip to Nashville to work with the people doing

the computer work. Because of such extra travel, a decision was made

to not update land use on the MIADS map. Changes on the MIADS

system are not difficult and could have been accomplished but the

important thing was to show that MIADS had the capability to
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make the desired maps. Ten land use classes are shown in Figure 20

and in Table 7. They are; cropland, grassland, idle land, public

and semipublic land, road-side residential, subdivision, woodland,

towns, commercial, and water. Woodland and grassland occupy the

largest areas, 41% and 32%, respectively.

3. Suitability for Farmland

Figure 21 is an interpretive map showing prime farmland,

other important farmland, other land, other land not suited because

of wetness, and surface water according to the soils map. Percentage

and acreage of these classes are in Table 8. Symbols to fill the

gap between the Blount and Loudon county lines were selected by the

system from the county boundary map. These voids were created

because the lines separating the two counties were not drawn in the

same place. Also there were places where the boundaries of the soil

survey maps overlapped. These differences could be handled either

manually before the data were encoded or by computer after encoding.

In this study overlaps were taken out before encoding. This was a

mistake. Surveys are generally encoded independently of each other,

and it would have been better to handle them that way. However, the

method in which overlap was detected and removed is demonstrated in

figures presented later. The computer has the capability to detect

values that overlay nonzero values in the overlay procedures. These

values were given a special symbol so they could be located easily.

Since the area of Fort Loudon Lake and other water was taken from the

topographic map it did not always agree with that taken from the soil
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Table 7. Quasi-land use in the Concord study area (1975) as
interpreted from an aerial photograph and topographic map
sources—determined from MIADS system output.

Classes Code Cells Hectares Acres %

Cropland CL 176 131 472 2.8

Commercial CM 1 1 3 0.0

Grassland GL 2048 2221 5489 32.0

Idle land . IL 21 23 56 0.3

Publi c-
Semi-Public

PS 12 13 32 0.2

Roadside-
Res identi al

RR 152 165 407 2.4

Subdivisions SD 134 145 359 2.1

Towns TS 63 68 169 1.0

Woodland WL 2649 2873 7099 41.3

Water WW 1144 1241 3066 17.9
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Table 8. Suitability for farmland in the Concord study area.
Interpreted from detailed soil map data summarized from
MIADS system output.

C1asses Code Cells Hectares Acres %

Blount County* BL 26 28 70 0.3

Loudon County* LN 11 12 30 0.2

Prime farmland 11 743 806 1991 11.6

Other important 22 1554 1685 4163 24.2

Other land 33 2934 3182 7863 45.7

Wetness 44 44 48 118 0.7

Water 55 1112 1206 2980 17.3

*Codes from the county boundary map filled the between county
voids caused by errors in map registration of the source map.
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survey. This caused problems when interpretations from the soil map

were combined with land use from the topographic map.

4. Utilization of Important Farmland

A map produced by a matrix between Figures 20 and 21 in the

manner of Figure 10 (p. 75) is shown in Figure 22. Area distribution

is recorded in Table 9. Some calculations were made on the figures

shown in Table 9 to determine how much prime or other important farm

land has been developed. Development for the purpose of this map

is the construction of towns, subdivisions, houses, or commercial

businesses on the land. About 5.4% of the land having prime farmland

characteristics is developed and approximately 1% of other important

farmland is developed. These percentages differ from those of IMGRID

because the IMGRID land use map was updated to show new subdivisions.

Since the percentages in Table 9 are based on land mass only, further

differences from IMGRID are created. It was done this way because of

an error in setting up the matrix (Figure 10). Assignment of the

same codes to water and woodlands caused errors on the map. Some

problems were avoided by blanking out the water. This required the

least amount of time for SCS personnel and provided some contrast to

the map. Shading is not available in MIADS. Also, when water was

blanked out by the computer the difference between woodlands and

water could be identified. Figure 22 shows how land suited for farm

land is being used. The codes RA, SA, and TA in Table 9 represent

developed prime farmland.
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bC MC«C«C»CbG*C*G'>C»GpCbG«C'*LGbGb"GAL*>CGCuCGBGC"B-CML"l«<B»BPLbknC
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pLpoPtPkPkPkPBPbpA AAAB&AGAGAkA"kUd6ABBGBG*"t.pt«GpC'*CGG6GG*kC6DGCkCi»G&A 6BGtGdGk6CPGRBPb"CpG"CPB
pCptpLP0Pt»iL:pL.pC»'CCbABABAAAACdGd6A6G-*G*&*kCG8CBPL"CpC»»BpC5CGBU8i8&DB*UAGAGB 6BGkUAUk"iCR'RbPCRC"*"CPB

pCbC pCbG CGGLGCGIGbGP&B ptGdGGGGGkU AUkCC GbCC CCGAGAGCCC t AG AG* aGbGbG ag aGC GbGkC aG&p G pCGC GCCLG auap a T a T BGbUBPOPkPk TCTAUTATC»BbbNt
• CbBpBbC GkGCGGGGGetb PtpkGCCkUoukGAUkGBGBGCCCGBG*GB&AGBGbG*v*GbCeGeGAuCUCCbCbGB"bpLGAi»*toAGap.pL■*TbTopGpGTCIC TATCTCiA-c"C-C-G
pCpCpC«C pCpLpC-GGCGGGbGoCCGaGAGaGAGCCAGCGacaG*.BGAUBpoGoGAkBGbGbGCGCGCGCGA-bPkpCBDPGpCtklCIblBl oTCTCTBTBTCbCpCpC
GCGCpC-Cpv-CpC pLf'CpC.PtpkPOPCi.bGCGCGC6CCB6A&BGbGAGAGl.<«GGGBG*UA&bGbGb6tCbG*CGpb-8PbPkBBGDBDpAPd1btb)elDTCTbTSTBTC-k«G»C
GCGCpCpC'CpGpCpCpGpt "k pCPkpGpC-GwkCCCbCbGCCCGAGbGa6*GaAk^bGoG*GBirGAGbUDGbftSGbpCpG"CGCGeGoGbpApGGouk1Dl81k TbTBTCTC"C"GpG-B
GCpCbCpCpCpCpCpC-CpCpC-CpC-G pfcpkpkGDG***A*GbAC*AAB&bGG*CAD*B&A6AU8Cb&B&eGBGbGBGbpCpGpA&A&BtoBGDp*GDi.AG*UATCl kTBTdrATCpC«C"C"C
CCGb&BGBtrtCpCCpC&CGCGkpGpC pC-CpCpC pCpC^CpG POPBPbPdpApo»D*A*bAAACAbAbAbAbAAA8AA4AABABG6GDGbCCCCCGGCGA&DGBGa5ApB"tBCGAGBGA|oiDlA^kTCTA1CTCpC»CpbpC
• CpCGBGBGS&LCBpCpCGGGdGopB KCHb GBPkptpC"BPbpCpCpBPLPt PO»ePBpApApkPkACAAAAAAABAbABAAABAAAL>AGAGb&*&flGA fa CGAGAGACAG*GApAPtGtBCGA GO IbIDBBpDp*P0TBTBTCpC »<GpC-A
■ bGb6CGCGCttGbCeGB6B6e5GPtKCKCPb»GpkpGpk«C"CpCpG"bpGpk»G*'fcAtUGGLGBGAG8kkCCACAAAAPCPBGCGCGCAA6A»BGb"kpCpBGt ^BGbGApApCPtpCGAGAl»ATBfATBG8PBPkpCpC*3''0^C-GCk"bpA
«BGGCCCCGC&bGbptG*GLGCpCpCpC*CpkpCpbPkpCpCpGpCpCpC«OpBPt»C KkPkPDpkPDPkpC6*&AGAG*pAGAGCGG&AGB.-oGBC6Gkpd (,cCCGAPCpCpC"CGtGBGtGBGApapApCpCpkPkpC"bPklDlApApApC
pB6C»CpC»''.6CGC»G6oGCG*PBpCpG"CPtpCpCpCpCpC"GpBpCpt"C»k«t"t'*C "tpkPBPk GApCpC&C6AUCCCGCCopBPk''BPSikGBCBGbGBGO&ApAPtpCpCpeGdCDi#*kiBGi"CpkPkPkpkPkpD*CBClblDIUiApB
CA6ApCpC"CGtf6kpCGAG*GkCGpCpCpG-tpGptp*pkpCpG"C'«C-C-CPkPGPCpkpG pt,pC"Cp6GCGCGACCGCGC-CpBppp*PsGbGDGDwBCACAPbPt6CGaCbudGBUBGApiP4Pk-kpC"kPkpC"CpLpbIblUlUlA
BCbCpCGCGGpBPbpCGCGC-GGo-b-CpC-BpLpCpGpkpGpCpCpC-CplpkPL-Gpk-B aGpCpC-CCCGCCCCAGbCdGbGCGCGb-apb wsGbG*iAGapApC"GCCCCGBGaG*6*popo-GpG-C»kpkpknCpC"C pC"C-C*BJD
GCGbGbGGG'GLPbP8PkPkpCGC&t!«*pkPkpCpkpApCpCpGptpkPLi»*&BGk«»a*Apk Pt pk-bpCCt6G6bGBCBGCGC6C6LGBk»b8i»B&SPbGAUApApCpC&8GCGbGA686*GtGBPkPkPkPkPCpC-ApA«BpCpC«C>'CpCpC

pbPGPBpC'*ApCpApLpBpCUGGaCGGtP*«kpBPBGkGC6CGBCGGAGC
•(C"CpCPb'«pCpBPb"CpkGBGDGGGktoDCAGt"GpBGkCCi»G"BpepC
pB"BpC><C' :>pCpGpbPsGbGBGGGBGCGCGCGl&AGDGCpb«GpDPGpb
MbPCBb"b^>>pCPb»bpC&GGCGCwCGC4*GGkGaGCCAG*p»-dpGpC
mC HCp;*pCp8PCpaGCGBGkGGGaGuGGGDGGGC.GCSCpG

MA'lPCpCpCpC-CuGGAGb&bGbCGCG&GCCCCpCpkpbPtpC
«Ci*C pGpCpb&bGo&AUBbkGbGbGCGAPBPbPBPBpCpBpfl

■bPCPBGGGAGsGBGCGCGbbAPBpkPDpC*GpbPkPB
GsGbGGGB pIpLGGGCGbGAGAGCGGGGGaGbpLpLpb

pC GBGCGC pCpAGbbaGbCBGbGbGCCC"GpGpbp8
pGpbGbGGGBGbCGGCGCpCpB"BpCpCpC

pCpGCbGbPDGkGBGACGGkGCGopbpCPBPBPLpC
GC GBGb&G GG t» A G G GbG k G A GbP C p b pB pB
GtGBpkpGGAGGGCCGGaGCpBPbpC"*

-CpBpb GGGbGk&BGpPCGAGCCa
pCpI CGGL&CGIGsGBGb

GkGGGGGGGcGa

• bCGGGGBteBkGGAGAGBGkpAPGGCipAGAUDGBGGGCGCCkGBGkGA
pC«CPG"C*CpCNApCPCGGGbGGGkGeGCGAGAGDG*CBU**BGBGAGCGBGC«GPG
•C«CpCPCpCpGpCPG«Apl«BGbG*GDGApkPkPbGBGdAbAAAGi»GGCGAGBkGGA
MCpC«GPGPGPGpCpGpCb<t(CGbClG*wAPk"BGDGBG*i*AAbGBGbG*GAGAWAGG

pCpCnCpG»CPGpAGAGCGkUeGGGiGBGCGbCGCCG*GbGbGAUBGBGbGBGBGB
HCpCpCCCGACASAGCCAGbGBaBGGGAPCCGCGUbGGGO&AGBGACAGbGBUBUuGLGk
RChCCbC6CBCAACGkG*G8GBGk&AGAPCpkGAGDGBPBpCuCGAGGGAGAG*CeGCGCGC

KkPCCdCBCbCbGCAHAbAAGBGkGAGbGsGApAGCGCpCPCpC-GPkMC.GBGbCBGAUbGDGk
pkPBPb MkpG"BpbPB"C«C*6AkAB&BGLGeGBGGGbPDplpApAftCMCpCpCGBG*GbG*i*BGbGk

pCpGpGbkPBAC.AAACABGcGBGkGGGAGeGB&APbGBGCGGGBGDGbGBCAGBteCG*
pLpkPCPCpCPBGbbBAAACABGdGbGbGBGAGDGBCkGAPBPbpBGbGBGBGBGBCkGCGAUb

PkPkPkpGbepCG*CbGBAAA**CG*GGGkGB6*GBCCCGGbPk«>epBGAGBAAGrGC&*GAGCHkRC
pkpkPkpCPBpBPAGAGAGCAAAA&kweGbGbGdGeGbGdCb&AGbGACbCbGAAAAACAGAGCPGKC

MkpkpdPkpC"G«CCCGAGC6bGCCCCC«tkGGCbGGGbGAGcGBCGGACCGACAGSUAGAC*GBGbKb
pCpbpkpkp*pApC»C6APC*CCGGbG*&bCGUkGbGCGkueGDGdGAG*G*GAGkGbGB«#Aw*GkGCGsBk

bdbbSA&CGL«BGBCbGbGBGbGA^kuAGAGsGAGoGGGtCAGBGBGB6ApCpCpkPBPB»<k
Si.bGbkSGbk6CSCSCSApCPbUDGDG*GBGk%»AA«GAGAGAGbGsGBG*GAG*GAi»APCGApkPk*bKk
SubGSGSGbkSbStiSb9GGAGkAk*CGAGGG'**G*GCGdC6GLCkGDGC&*GAGs6CG9PkpAGCGC
bkbGbkbGbkSCbCSbGCCCGAGAAAAsAACbvAGAGApAGdGbCLGBGBGBGbGDGBGePBNBGkGkGG

bkbkaAbASCSCSCSbGGCGCGGpAbGBGbpsGDGBGeGeGAGCGACCCBGsGGGbGC&spCGDGCGGGG
PC -t-t

UriLI2ATI0N V-■ IKPORTANT FAP.MLAND

IE£ HYMBOLS PERCENTAGE SYMBOLS PERCHTLRGE
(Priae & Icportant) (Wet k Other)

Cropland AA & AB 2.6 AC & A£ 0.7
CCMiERCIAL 0.0 CO 0.0
CRASSLANP CA & GB 23.6 GC, GD k GE 15.1
IDLE LAKD lA & IB 0.2 IC & U) 0.2
PUBLIC PA & PB 0.1 PC 0.1
ROADSIDE-

RES IDUfTIAL KA & PJ 1.0 RC, RD & RE 1-9
SUB-DIVISICIf SA & SB 1.0 SC k SE 1-5
TOWIIS TA & TB 0.8 TC 0.5
WATia 0.0 0.0
WOODLAND WA & WB 114.0 WC, WD & WE 36.5

Figure 22. MIADS composite of prime and other important farmland and quasi-land use to show
uses of different kinds of land for the Concord study area.
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Table 9, Suitability for farmland and 1975 quasi-land use for the
Concord study area matrixed to show utilization of farm
land. Determined from MIADS system output.

Classes Code Cells Hectares Acres %

Other land AC,CC,GC,GD,
IC,ID,PC,RC,
RD,SC,TC,WC,
WD

2912 3158 7804 55.5

Crop on prime
land

AA 65 70 174 1 .2

Grassland on
prime land

GA, IA 425 461 1139 8.1

Woods on prime
land

WA 204 221 547 3.9

Other on prime
land

RA,SA,TA 40 43 107 0.8

Crop on other
important land

AB 72 78 193 1 .4

Grassland on other

important land
GBJB 820 890 2198 15.7

Woods on other
important land

WB 530 575 1420 10.1

Other on other

important land
PB,RB,SB,TB 108 117 289 2.1

Water-1and

confl icts
AE,GE,RE,SE,
WE

67 72 179 1 .2

Water*

*Water blanked out because of error in setting up the matri x.
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B. IMGRID

1. Suitability for Farmland by County

The IMGRID maps of suitability for farmland are shown in

Figures 23, 24, and 25, and the area distribution for each of the

counties is in Tables 10, 11, and 12. The published soil survey on

a county format is satisfactory for most areas.

Two errors near the top of the Knox County portion of the

study area that were overlooked on Figure 24 were corrected for the

printing of Figure 26. Halfway across the top of Figure 24 from left

to right are two cells of water that are correct. Another cell located

six to the right is in error. Five cells farther to the right and four

down is another incorrect cell. The appearance of water in these cells

was based on the soil survey. Water would have disappeared if the

topographic survey had been used. Similar errors were made on the

capability class map. On all other maps where water was based on the

topographic maps these cells do not appear as water.

2• Suitability for Farmland—Concord Study Area

If a project covers portions of two or more counties it

becomes necessary to combine the counties to obtain soil coverage

for the project area. All of the maps for the Concord study area

were produced by putting parts of the three counties (Loudon, Knox,

and Blount) together. This was done to show that existing files of

data from different counties could be put together for a specific

project area.
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Figure 23. 
IMGRID line printer map of su
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b

ility for farm
land for

the Loudon County portion of the Concord study area.
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Figure 24. 
IMGRID line printer map of suitability for farmland 

for
the Knox County 

portion of the Concord study area.
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Table 10. Loudon County contribution to suitability for farmland of
the Concord study area. Determined from IMGRID system
output.

Classes Cells Hectares Acres %

Prime farmland 241 261 646 3.8

Other important 632 685 1694 9.8

Other land 1420 1540 3806 22.2

Wetness 5 5 13 0.1

Water 441 478 1182 6.9

Other counties 3661 3971 9812 57.2
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Table 11. Knox County contribution to suitability for farmland of
the Concord study area. Determined from IMGRID system
output.

Classes Cells Hectares Acres %

Prime farmland 88 95 236 1 .4

Other important 234 254 627 3.6

Other land 637 691 1707 10.0

Wetness 29 31 78 0.5

Water 253 278 687 3.9

Other counties 5159 5595 1 3826 80.6
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Table 12. Blount County contribution to suitability for farmland of
the Concord study area. Determined from IMGRID system
output.

Classes Cells Hectares Acres %

Prime farmland 411 446 1102 6.5

Other important 681 738 1825 10.6

Other land 874 948 2342 13.6

Wetness 11 12 30 0.2

Water 432 469 1158 6.8

Other counties 3991 4329 10696 62.3
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The overlay keyword of IMGRID was used to put Figures 23, 24,

and 25 together. The results of this overlay are shown in Figure 26.

Area distribution is in Table 13. The suitability for farmland map

was produced to show that interpretive maps for parts of several

counties could be joined together by computer to provide coverage for

a particular study area. It also shows the suitability for farmland.

Excepting the void between the Blount and Loudon County lines this

IMGRID map is similar to the one produced with MIADS (Figure 21,

p. 95). This void was filled with codes from the boundary map in

MIADS and the colon was used on the IMGRID map. Another difference

is that the overprinting capability of IMGRID makes the maps much

easier to read than do the codes used in the MIADS system. That this

map can be combined with other collected data is demonstrated in

Figure 11 (p. 76) which shows a matrix between suitability for farm

land and land use.

3. Depth to Bedrock—Concord Study Area

A depth to bedrock map was produced by combining single factor

county maps into coverage for the study area. Single factor maps

rather than the original data were used because the same symbols

represented different soils from one county to another. For example,

Ba in Blount County represents Barbourville fine sandy loam, a soil

that is thicker than 1 .8 m (6 ft) to bedrock, while in Knox County

Ba is the symbol for Bland silt loam, a soil that is only 0.6-1.2 m

(2-4 ft) to bedrock. Figure 27 is an overlay of depth to bedrock

for the Concord study area. The area distribution is recorded in
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Table 13. Suitability for farmland in the Concord study area.
Interpreted from detailed soil map data summarized from
IMGRID system output.

Classes Cells Hectares Acres %

Prime farmland 735 797 1970 11 .5

Other important
farmland

1545 1676 4141 24.1

Other land 2917 3164 7818 45.6

Wetness 45 48 120 0.7

Water 1145 1242 3069 17.9

No data 13 14 35 0.2
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Table 14. The map showing thickness above bedrock furnishes

information for other kinds of analyses such as interpretations for a

sanitary landfill or for a residential development requiring the use

of septic tanks. Both of these uses need depths of 1.8 m (6 ft) or

more to bedrock. Several different kinds of maps were produced by

IMGRID to show several ways that data can be used after they are

encoded into a computer assisted system.

Because the MIADS suitability for farmland map demonstrated

that the system could be used to produce interpretive maps, there

was no need to produce a depth to bedrock map with MIADS.

4. Land Capability Classes—Concord Study Area

The land capability class map was produced to show the

location and to determine the amount of each class of land. This

map is important because land capability classes relate to agri

cultural uses of the land. One problem that had to be resolved was

due mainly to the age of the Knox County survey. Knox County used

a system with five suitability classes rather than the eight classes

used in the land capability classification. This problem was solved

by going back to the soil mapping units of Knox County and fitting

each one into a land capability class. The map of land capability

classes is shown in Figure 28 and the area distribution is in

Table 15.

5. Sanitary Landfil 1—Concord Study Area

The sanitary landfill interpretations (Figure 29) are becoming

more important as large volumes of waste are being generated daily
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Table 14. Depth to bedrock in the Concord study area. Interpreted
from soil map data using the IMGRID system.

Classes Cel 1 s Hectares Acres %

0-2 ft. (0-0.6 m) 436 473 1169 6.8

2-4 ft. (0.6-1.2 m) 668 746 1844 10.7

4-6 ft. (1.2-1.8 m) 1519 1647 4071 23.6

>6 ft. (>1.8 m) 2619 2840 7019 40.8

Water 1145 1242 3069 17.9

No data 13 14 35 0.2
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Table 15. Land capability classes in the Concord study area.
Interpreted from soil map data using the IMGRID system.

Class Cells Hectares Acres %

I 357 387 957 5.5

II 533 587 1428 8.3

III 1463 1586 3920 22.3

IV 1850 2006 4958 28.9

VI 462 501 1238 7.2

VII 597 647 1600 9.2

Water 1145 1242 3069 17.9

No data 13 14 35 0.2
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and because people are becoming more conscious of the environmental

effects caused by disposal of such waste. Larger cities have the

worst problem finding landfill sites because of the high concentration

of people, scarcity of land, and because nobody wants a landfill in

the community. The area distribution for Figure 29 is recorded in

Table 16. Only 13.8% of the area was considered to have soils best

suited for a landfill from a physical standpoint. The amount of

land suited for a landfill decreases as more restrictions are placed

on the criteria. The general criteria used in rating a soil for a

landfill site are listed in Appendix A. Other factors besides soils

must be considered when selecting a landfill site. Therefore, an

interpretation from soils should be combined with other data to

create a model that deals with the physical constraints, transporta

tion problems, and the environmental considerations for selecting a

landfill.

6. Erosion Potential—Concord Study Area

Figure 30 shows the location of soils that have a high

potential for eroding if the cover is removed for construction or if

cultivation is performed. The Loudon County soil survey uses the

terms slight, moderate, and severe to identify existing erosion.

However, that differs from this study where the terms slight,

moderate, and severe were used to identify potential for erosion if

vegetative cover is removed. Placement of soil mapping units into

the classes of erosion potential had to be done on a county by county

basis because the mapping unit names were not identical in all the
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Table 16. Limitations for sanitary landfill in the Concord study
area. Interpreted from soil map data using the IMGRID
system.

Classes Cells Hectares Acres %

SIi ght 887 942 2377 13.8

Moderate ,1080 1171 2894 16.9

Severe 3275 3552 8777 51 .2

Water 1145 1242 3069 17.9

No data 13 14 35 0.2
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Figure 30. IMGRID line printer map of erosion potential for the
Concord study area.



119

counties. The criteria for making all interpretations are listed in

Appendix A. Table 17 gives the area distribution for soils with

different erosion potentials. Only 9.1% of the area had slight

potential for erosion.

7. Slope—Concord Study Area

The slope map (Figure 31) was produced by dividing the slopes

of soil mapping units into five classes. The classes are identified

in Appendix A (Criteria for Rating Soil Mapping Units). Table 18

shows that about 43% of the study area has slopes of less than 12%.

Land with slopes of less than 12% can be used safely for more pur

poses and with less management and expense than steeper land. Slope

can be used with other soil characteristics to determine if a site is

suitable for a particular use. For example, slope has been used

manually as one factor in determining suitability for a sanitary

landfill or prime farmland. Soil mapping units with slopes of 12%

and less were rated as having slight limitations for sanitary land

fill if all other conditions were met. Soils with slopes of 5% or

less were rated as prime farmland when other conditions were met.

8. Roads and Streams—Concord Study Area

Figure 32 shows roads and perennial streams, features which

are used in the development of the landfill model. Errors made while

encoding these data are explained in Chapter V under preparation of

information for encoding. These errors were not corrected because:

(1) they made little difference in the final maps, and (2) they were
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Table 17. Soil erosion potential in the Concord study area.
Interpreted from soil map data using the IMGRID system,

C1asses Cells Hectares Acres %

51ight 581 630 1557 9.1

Moderate 1182 1282 3168 18.5

Severe 3479 3773 9324 54.3

Water 1145 1242 3069 17.9

No data 13 14 35 0.2
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Table 18. Slope gradient in
from soil map data

the Concord
using the

study
IMGRID

area.

system.
Interpreted

Classes Cells Hectares Acres %

0-2% 250 271 670 3.9

2-5% 591 641 1584 9.2

5-12% 1909 2070 5116 29.9

12-25% 1385 . 1502 3712 21 .6

>25% 1107 1200 2967 17.3

Water 1145 1460 3609 17.3

No data 13 14 35 0.2
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Figure 32. IMGRID line printer map of selected roads and streams for
the Concord study area.
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discovered after the maps had been photographically reproduced for

the manuscript. A few areas were affected by leaving three streams

off the roads and streams maps. Correction of these omissions

would show that eight cells now shown as suitable for sanitary land

fill are within three cells of water. However, after clumping to

eliminate areas too small for landfill consideration these eight

cells were eliminated from the suitable class. Consequently, the

errors made in the encoding process affected one of the maps in the

model but because of clumping and the location of the omitted streams

and road did not materially affect the final map. Road and stream data

are combined with other data such as land use to produce maps showing

potential landfill sites and their proximity to roads and streams.

Fort Loudon Lake was taken from the land use file and combined with

streams from Figure 32 to show waters of the study area.

9. Land Use —IMGRID

A map of land use in August 1979 was produced using IMGRID.

Ten land use classes are shown in Figure 33 and the area distribution

for these classes is in Table 19. The classes are defined in the

methods and procedures on page 68. The results would have been

similar for both systems, if land use had been determined at the

same time. Two reasons why the entire MIADS map for land use was not

updated to 1979 were: (1) a land use comparison of Figures 20

(page 91) and 33 for the area northwest of the main channel of Fort

Loudon Lake shows that some grassland in 1975 had been changed to

subdivision by 1979; (2) more time and expense for SCS personnel
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Figure 33. IMGRID line printer map of 1979 quasi-land use, as tabu
lated by the author, for the Concord study area.
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Table 19. Quasi-land use in the Concord study area (August 1979).
Summarized with the IM6RID system from maps produced
using aerial photographs and field observations.

Classes Cells Hectares Acres %

Cropland 175 190 469 2.7

Grassland 1988 2156 5328 31 .1

Woodland 2590 2809 6941 40.5

Roadsi de-resi dential 152 165 407 2.4

Commercial 1 1 3 0.0

Public and semi-public 12 12 32 0.2

Idle land 22 24 59 0.3

Subdi visi ons 250 271 670 3.9

Towns 65 70 174 1 .0

Water 1145 1242 3069 17.9
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would have been required to make the changes on the MIADS land use

map. Another difference was in the amount of water shown on the two

maps. This difference could have been due to coding techniques, errors,

or the placement of the grid. The main difference between the land use

maps produced by MIADS and IMGRID is that part of the land use for

MIADS was interpreted from a 1975 aerial photograph with some field

checking, while land use for IMGRID was for 1979 and included changes

observed by more thorough field checking. The IMGRID map shows

patterns much better than the MIADS map. This improvement is due to

the overprinting capabilities of the IMGRID system. Gray level maps

are possible and patterns can be seen easily. The land use map

showing development (Figure 33) was used in the construction of the

landfill model. The difference in subdivision area of 145 hectares

in Table 7 (page 94) and 271 hectares in Table 19 is due to an

update of the land use map to include newly constructed subdivisions.

10* Combination of Land Use with Other Data—Concord Study Area

a. Farmland lost to development. Figures 34 and 35 show

where prime farmland has been developed as towns, subdivisions,

or commercial development. Figure 35 was produced by a matrix between

the 1979 land use (Figure 33) and suitability for farmland (Figure 25,

page 107). Interpretations were made as shown in Figure 12 (page 77).

Some land that qualifies for prime farmland has been used for sub

divisions, towns, and other uses. Differences between

Figures 34 and 35 are several. After Figure 34 was produced the
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Figure 34. IMGRID composite of suitability for farmland and quasi-
land use as interpreted from a 1975 aerial photograph to
show farmland lost to development and some land and water
conflicts for the Concord study area.
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land use was updated to 1979 as shown in Figure 35. Also, Figure 34

shows cells that have land water conflicts caused by inconsistency

of the different source documents that the data were extracted from.

The soil interpretations were taken from the soil survey. Land

use was taken from the topographic map. For some cells the land

and water overlapped. This problem was cleared up by changing

water on the soil map to correspond to that on the topographic map.

Difference in the amount of water shown on the two maps was small.

Normally one would expect the soil survey to show more water because

of some small ponds on the photo base, but not on the topographic

map, being captured in the encoding process. This accounts for some

of the difference, but the water level of the lake when photographed

and distortion in the photograph caused lake boundaries to differ

from those on the topographic map. Another cause may have been

centering of the grid to allow even distribution over distorted

photographs. The area distributions for Figures 34 and 35 are in

Tables 20 and 21, respectively.

b. Utilization of farmland. Figure 36 was produced by a

matrix between 1979 land use and suitability for farmland. Inter

pretations are shown in Figure 11 (page 76). This map shows how

prime farmland and additional important farmland were being used in

1979. The utilization of important farmland map was also produced

by MIADS Figure 22 (page 98) and Table 9 (page 99). The results of

combinations in Table 9 and Table 22 differ because MIADS' area was

calculated on the land area and IMGRID was based on total area.

Other differences were due to use of 1975 land use for MIADS and
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Table 20. Loss of prime and other important farmland to development
in the Concord study area. Summarized by the IMGRID
system from maps produced from aerial photographs.

Classes Cells Hectares Acres %

Prime farmland lost 40 43 107 0.6

Other important
farmland lost

114 124 306 1 .8

Other land 5086 5516 1 3630 79.5

Land and water conflict 4 4 11 0.1

Water 1143 1240 3063 17.8

No data 13 14 35 0.2
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Table 21. Loss of prime and other important farmland to development
in the Concord study area after updating the quasi-land use
to 1979 conditions. Maps summarized using the IMGRID
system.

Classes Cells Hectares Acres %

Prime farmland lost 53 57 142 0.8

Other important
farmland lost

157 170 421 2.5

Other land 5032 5457 13485 78.6

Land and water conflict 0 0 0 0.0

Water 1145 1242 3069 17.9

No data 13 14 35 0.2
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Table 22. Utilization of Concord study area farmland in 1979.
Determined by a matrix between suitability for farmland
interpretations and 1979 quasi-land use. Analysis and
summary using the IM6RID system.

Cells Hectares Acres

Not suited for farming 2952 3212 7938 46.3

Cropland on prime
farmland

64 69 171 1 .0

Grassland on prime
farmland

414 339 1109 6.5

Woodland on prime
farmland

204 221 547 3.2

Other users on prime
farmland

53 57 142 0.8

Cropland on other important
farmland

70 76 188 1 .1

Grassland on other

important farmland
797 864 2136 12.5

Woodland on other important
farmland

521 565 1396 8.1

Other uses on other
important farmland

157 170 421 2.4

Water 1145 1242 3069 17.9

No data 13 14 35 0.2
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1979 land use for IMGRID. Values from the two methods would compare

more closely if calculations for MIADS were based on total area. For

example, woodland on prime farmland has the same number of occur

rences, but the percentage is 3.9 for MIADS and only 3.2 for IMGRID.

Other differences are the amount of water blanked out on the MIADS

map and discrepancies caused by taking data from two source maps.

The percentages were similar for both systems when figured on total

area. Only 0.8% of the total land has development on land suitable

for prime farmland. This means that about 7% of the land suitable

for prime farmland has some type of development. About 10% of the

other important farmland has been developed.

Figure 36 shows land that may not be recovered for farming

because of uses such as residential and commercial developments.

Much prime farmland now in pasture or woodland can easily be put

into food crop production when needed.

c. Potential landfill sites. Figure 37 was produced by a

matrix between 1979 land use and the sanitary landfill interpretation

from soils to show undeveloped sites that are suited for landfills.

Table 23 shows that 54.9% of the area is either not suited for a

landfill or conflicts with some type of development. Only 27% have

slight and moderate limitations and are undeveloped. This simple

kind of analysis is good enough for some decisions, but most problems,

especially something so sensitive as the location of a sanitary

landfill, require more information.
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Figure 37. IMGRID composite of sanitary landfill interpretation and
1979 quasi-land use showing suitable landfill sites that
do not conflict with development for the Concord study
area.
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Table 23. Limitations for landfill sites in the Concord study area.
Determined by a matrix between sanitary landfill
limitations and 1979 quasi-land use. Analysis and summary
using the IMGRID system.

Classes Cells Hectares Acres %

SI i ght 784 850 2101 12.2

Moderate 950 1030 2546 14.8

Severe or developed 3508 3804 9401 54.9

Land and water conflict 0 0 0 0

Water 1145 1242 3069 17.9

No data 13 14 35 0.2
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The IMGRID spatial analysis system has capabilities for

handling more complicated analyses than MIADS. One capability of

IMGRID will be demonstrated in the next series of maps and tables.

11. Landfill Model—Concord Study Area

The components of the landfill model are flowcharted in

Figure 38. Four of the things that should be considered are:

(a) limitations of soils, (b) distance from roads, (c) distance from

development, and (d) nearness to water.

a. Search from roads. One of the first priorities in

locating a sanitary landfill would be an adequate transportation

route to the site. There is no special rule as to how close a site

should be to a road, but for this study we are concerned only with

those sites that are within five (1.08 hectare) cells (approximately

500 m) of roads. A search was performed to identify such cells. The

results are in Figure 39 and the area distribution is recorded in

Table 24. The land and water within 5 cells of roads comprise

67.9% and if the cell that the road occurs in is included, the per

centage is 79.1. For this information to be useful it must be com

bined with the sanitary landfill interpretation from soils to show

sites that meet the other specified criteria.

b. Landfill sites close to roads. In addition to availability

of transportation, a factor to be considered when locating a sanitary

landfill is suitability of soils for landfill. The sanitary landfill

interpretation was combined with the search from roads to show
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Soils Physical Landfill
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Figure 38. Flowchart showing the components of the landfill model



 

♦
♦
♦
«
O

IO
O

O
Ii
O

a
*i

/»
-«

«
--

/i
+

«
Q

jo
«
+

i

>
«

-5
o

io
;;

;:
i5

i;
 

7
:

;7
«»

:i;
if.

i2
n2

^S
£n

:!i
: 

/«
^.

o
iio

o
i»

i7
::

::
7

i:i
o

iD
.:

i/:
;:

::
::

::
::

:;

!
/
/
■

G
O

O
II

U
O

U
II

II
II

IU
O

IO
IQ

O
O

II
IO

O
lO

lO

a
o
ii
io

o
u
u
u
o
o
o
o
o
D

ir
)n

o
o
ii
ii
o
*o

o
o

iii
in

o7
i!!

JI
IIi

J*
""

"'7
22

i7
 

-/»
•«

oi
uo

iio
uo

o«
 »♦

♦»
»»

»»
»«

»«
» I

t.0
01

 n
oo

io
o.

t
..
..
o
o
iin

g
o
o
.t
i/ 

/i
t =

 . =
 t
ii
ii
/-

/i
it
t.

o
ii
o

o
.t

tn
n

".
..

 
//

itt
..

o
iu

o
o

.u
iiQ

O
.I

t

//
»
*
*

CO
NC

O
RD

 
Q

UA
D 

S
TU

D
Y

i 
L*

N
O

 
A

N
A

LY
S

IS
 

P
LA

N
N

IN
G

 
I 

M
AN

AG
EN

EN
T 

O
EH

Q
N

ST
R

AT
IO

N
RE

SO
UR

CE
 

O
O

C
U

H
EN

Tj
 

S
O

IL
 

SU
R

VE
Y 

U
.S

.O
.A

. 
S

O
IL

 
C

O
N

SE
R

VA
TI

O
N

 
S

E
R

V
IC

E
^

LO
U

O
O

N
, 

K
N

O
X

, 
AN

D 
BL

U
U

N
T 

C
O

U
N

TI
E

S
# 

TE
N

N
E

S
S

E
E

' C
ON

CO
RD

 Q
UA

DR
AN

GL
E, 

TE
NN

ES
SE

E
SO

U
TH

EA
ST

ER
N

 
PO

R
TI

O
N

 
5 

M
IN

U
TE

S
 

PE
R 

S
ID

E

LE
G

E
N

D

0 
z 

O
R

IG
IN

1
* 

C
E

L
L

 
P

R
O

M
 

R
O

A
D

S
2 

» 
C

E
LL

S
 

FR
O

M
 

R
O

A
D

S
3 

■ 
5 

C
E

L
L

S
 

FR
O

M
 

R
Q

A
O

S
u 

M 
u 

c
e
ll
s
 

fr
o
m

 
ro

a
d
s

5 
« 

5 
C

E
LL

S
 

FR
O

M
 

R
Q

A
O

S
6 

a 
6 

O
R 

m
o

re
 

C
E

LL
S

 
FR

O
M

 
R

Q
A

O
S

LE
V

E
LS

 
0

1
2

5
1

5
6

m
i
l
 

o
i^

o
u
o
 

s
a

*
*
a

 
♦
♦
♦
♦
♦
 
m

i
l
 
/
/
/
/
/

H
i
l
l
 

0
0

0
0

0
 

*s
a
»
a
 

♦
♦
♦
♦
♦
 

x
m

R
 
/
/
/
/
/
 
-
-
-
-
-

i
l
l
i
l
 

0
0

0
0

0
 

a
a
.B

x
 

♦
♦
♦
♦
* 

m
s
i 

/
/
/
/
/
 
-
-
-
-
-

m
i
l
 

O
D

U
G

O
 

ts
is

s
 

i
i
m

 
/
/
/
/
/
 
-
-
•
•
•

m
i
l
 

0
0

0
0

0
 

B
s
s
s
a
 

*
*
*
*
*
 
i
i
m

 
/
/
/
/
/
 

•
•
•
•
«

FR
EQ

UE
NC

Y 
T

li 
'io

i 
10

07
* 

*s
U

 
71

7 
5S

5 
13

19

Fi
gu

re
 3

9. 
IM

GR
ID

 p
ro

xi
m

ity
 l

in
e 

pr
in

te
r 

ma
p 

sh
ow

ing
 d

ist
an

ce
 i

n
ce

lls
 

fro
m

 r
oa

ds
 

fo
r 

th
e 

Co
nc

or
d 

st
ud

y 
ar

ea
.



141

Table 24. Proximity to medium and light duty roads in the Concord
study area. Analysis and summary using the IMGRID
system with road data from the topographic map.

Cells from Roads Cells Hectares Acres %

Roads in cell 713 778 1911 11 .2

One cell away 1201 1303 3219 18.7

Two cells away 1007 1092 2698 15.7

Three cells away 838 909 2246 13.2

Four cells away 717 778 1922 11 .2

Five cells away 585 634 1568 9.1

SiX or more cells away 1339 1452 3588 20.9
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potential landfill sites within the specified proximity to roads.

The matrix between these two elements is shown in Figure 14 (page 79).

The results of that matrix are displayed in Figure 40 and the area

distribution in recorded in Table 25. About 59% of the area was

rejected because of soil limitations or distance from transportation

routes and 18% was water. The sites with slight limitations for

sanitary landfill are the ones that we want to observe throughout

this model. As interpreted from soils data (Table 16, page 117)

these sites amounted to 13.8% of the study area. They were reduced

to only 10.3% (Table 25) when transportation was added to the

criteria. Also, other information is needed to locate a potential

site.

c. Search from development. A factor that must be considered

when locating a sanitary landfill is the concern of people about

placement of a sanitary landfill in their community. People in sub

divisions and other types of residences are interested in sites

being as far away from them as possible. A search was performed to

give some consideration to this human concern. Because of the size

of the study area, it was decided to use a three cell search from

development. The results of this search are displayed in Figure 41

and the area distribution is recorded in Table 26. More than 65% of

the study area is greater than three cells away from development.

Combination of this search with the composite from the landfill

interpretation and search from roads shows potential landfill sites

that meet specified criteria.
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Table 25. Limitations for potential landfill sites in the Concord
study area that are within five cells of roads. Analysis
and summary using the IMGRID system with detailed soil map
road location data.

Classes Cells Hectares Acres %

Not suited or too

far from roads
3792 4112 10162 59.2

SIi ght 662 718 1774 10.3

Moderate 801 868 2146 12.6

Water 1145 1242 3069 17.9
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Table 26. Proximity to residential development in the Concord study
area. Spatial search and summary using the IMGRID
system with 1979 quasi-land use.

Classes Cells Hectares Acres %

Development in cell 473 513 1268 1A

One cell away 539 584 1444 8.4

Two cells away 589 638 1578 9.2

Three cells away 627 680 1680 9.8

Four or more cells away 4172 4524 11181 65.2
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d. Landfill sites near roads and away from development. The

landfill composite showing nearness to roads (Figure 40) was combined

with distance from development (Figure 41) to show potential land

fill sites within the specified proximity to roads and distance from

development. The matrix between these two elements is in Figure 15

(page 80). The results of application of that matrix are displayed

in Figure 42 and the area distribution is in Table 27. The area with

slight limitations for sanitary landfill decreased from 10.3% to

6.7% when developmental considerations were added. The effect of a

landfill on the environment should be considered during planning.

e. Search from water. There are a host of problems that could

be labeled environmental, but for this study we considered the

pollution aspects, specifically water pollution. A search was per

formed to relate a sanitary landfill to environmental concerns. In

the same manner as the search from development, a three cell search

was made from lakes and streams. Distance in cells is displayed in

Figure 43 and area distribution is in Table 28. Only 26.6% of the

area was greater than three cells from water.

f• Landfill sites near roads and away from development and

water. The landfill interpretation showing distance to roads and

away from development (Figure 42) was combined with the distance

from water (Figure 43) to show potential landfill sites that were

within 5 cells of roads and more than 3 cells away from development

and water. The matrix between these two elements is shown in
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cells away from development for the Concord study area,
based on 1979 quasi-land use.
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Table 27. Limitations for potential landfill sites in the Concord
study area that are within five cells of roads and greater
than three cells from development. Spatial search and
summary using the IMGRID system with detailed soil map
data, 1979 quasi-land use data and road location data.

C1asses Cells Hectares Acres %

Not suited 4313 4678 11559 67.3

SIi ght 425 461 1139 6.7

Moderate 517 560 1385 8.1

Water 1145 1242 3069 17.9
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Table 28. Proximity to water in the Concord study area. Spatial
search and summary using the IMGRID system with water
location data from the topographic maps.

Classes Cells Hectares Acres %

Water 1470 1594 3939 23.0

One cell away 1236 1340 3312 19.3

Two cells away 1083 1174 2902 16.9

Three cells away 906 983 2428 14.2

Four or more cells away 1705 1849 4569 26.6
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Figure 16 (page 81). The results of application of that matrix are

in Figure 44 and the area distribution is in Table 29. By excluding

those areas within 3 cells of water, the potential landfill sites

with slight limitations decreased from 6.7% to 2.7%. Still, by

observing Figure 44, one can see that sites with slight limitations

for sanitary landfill are scattered throughout the study area. These

sites meet all the criteria, but from a practical standpoint a single

cell should not be considered as a possible landfill site. There

fore, some type of clumping is needed to cluster the larger sites and

eliminate sites that are too small.

9' Landfill sites clustered. Through discussions with

Mr. Michael Matthews of TVA's Solid Waste Management Program it was

learned that no set amount of land is required for the development

of a landfill. He said that small rural towns may require only

8 hectares (20 acres) over a period of 15 years. Larger cities would

require 61 hectares (150 acres) or more. A city the size of Knoxville

would use about 4 hectares (10 acres) per year. Some parts of a site

may not be approved for a landfill by the state health department.

Because suitable cells were scattered throughout the study area a one

cell ASearch was performed to aggregate these sites. ASearch is illus

trated in Figure 17 (page 82). In the ASearch each cell in the grid

is given the sum total of each cell around it plus, if desired,

the value of the cell that is being ASearched. In this study the

value of the ASearched cell was included. The values obtained were

receded, giving the highest values to the best condition as shown
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Figure 44. IMGRID composite of the Concord study area showing
limitations for potential landfill sites within five cells
of roads and more than three cells away from development
and water, based on 1979 quasi-land use.
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Table 29. Limitations for potential landfill sites in the Concord
study area that are within five cells of roads and greater
than three cells from development and water. Spatial
search and summary using the IMGRID system with data from
soil maps, road location, 1979 quasi-land use, and water
location.

Classes Cells Hectares Acres %

Not sui ted 4877 5289 1 3070 76.2

31i ght 170 184 456 2.7

Moderate 208 225 557 3.2

Water 1145 1242 3069 17.9
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in Figure 18 (page 83). In this model the highest possible value was

eighteen because only the best and second best conditions were con

sidered. The classes were arbitrarily broken at 8 and 12. Values

from 13 to 18 had slight limitations. Values below 7 were not suited.

These values were then receded by assigning slight limitations a value

of 1, moderate limitations a value of 2, and values below 7 a value

of zero. A map was then produced (Figure 45). The area distribution

of the classes is recorded in Table 30. The aggregate of sites with

slight limitations decreased from 2.7% before clumping to only 0.4%

after clumping. Figure 45 shows that most of the sites that meet

all the criteria for potential landfills are located in the south

eastern part of the study area.

A map like Figure 45 is far more useful to planners than

several maps showing each of the components of this map on separate

sheets. This map shows the planner the location of potential

landfill sites that are within 5 cells of roads and greater than 3

cells away from water and development. One map like this is superior

to several maps in a meeting where decisions are made. It could save

a planning commission a lot of time and money and may prevent a

wrong decision. Sites considered to be too small were eliminated by

clumping, utilizing the ASearch capability of IMGRID. Only sites

with potential are left for consideration.

C. Comparison of the MIADS and IMGRID Systems

A comparison of the mapping and analysis techniques of IMGRID

and MIADS showed that both systems are similar in most common
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Figure 45. IMGRID composite of the Concord study area showing clumped
potential landfill sites within five cells of roads and
more than three cells away from development and water,
based on 1979 quasi-land use.
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Table 30. Limitations of clumped potential landfill sites in the
Concord study area that are within five cells of roads
and greater than three cells from development and water,
Spatial search and summary using the IM6RID system,
based on 1979 quasi-land use.

Classes Cells Hectares Acres %

Not suited 5022 5447 13459 78.4

31i ght 23 • 25 62 0.4

Moderate 210 228 563 3.3

Water 1145 1242 3069 17.9
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characteristics. However, the IMGRID mapping system does have two

characteristics that are not available in MIADS. One important

characteristic of IMGRID is the ability to overprint characters,

thus making gray level mapping possible. The overprinted IMGRID

maps are much easier to read because patterns are easier to see.

Another capability offered by IMGRID that is not available in

MIADS is the ability to do proximity to lines and points. This

technique was used to create the sanitary landfill model. Searches

were performed from roads, development, and water and combined with

the sanitary landfill interpretation to demonstrate a powerful

analysis technique that could be useful in the decision-making

process. Analysis capability of MIADS is limited to simple pro

cedures of overlaying one map on another.

Another thing to consider is relationship of the map scale to

some other reference system. Because of the latitude of the study

area, each of 1 .08 hectare (2.58 acre) cells of the IMGRID system

approximates a geodetic cell and the map can be enlarged or reduced

easily to any scale. The MIADS system requires the use of two

characters to identify each cell thus causing the maps to be wider

than they are long. This problem can be compensated for in part by

allowing more space between the rows. Adjustments in the shape of

the MIADS maps must be made before cultural features such as roads

can be added to the map.

Another thing that must be considered when comparing systems

is the quality of the final product. The first thing that comes to
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mind when comparing the IMGRID and MIADS maps is what can be seen by

simply looking at the maps. When 3 to 5 classes are used, patterns

are easily seen on IMGRID maps while all characters seem to run

together on the MIADS line printer maps. When more than 5 classes

are used on IMGRID line printer maps patterns become more difficult

to see, but they are still more easily seen than 3 to 5 classes on

MIADS maps. By assigning the proper set of symbols to IMGRID maps,

the user can highlight a particular situation, thereby making good

or bad conditions easy to see on the line printer map.

1. Advantages of MIADS and IMGRID

а. MIADS. The MIADS computer programs have several

advantages:

1. The size of the area is not limited.

2. MIADS has the capacity to reproduce the original map as

coded up to 2,200 characters.

3. Data encoded at the same scale can be combined to allow

certain analyses to be made.

4. MIADS accepts data referenced as UTM, Geodetic, or State

plane.

5. Data can be updated interactively on the time sharing

terminal.

б. Tables are produced to show how many times each code

occurs and MIADS calculates area and gives the percentages.

7. Data can be translated and combined with other data to

produce a new map.
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8. Boundary maps allow any area that is outlined as a

separate boundary to be pulled out and analyzed,

b. IMGRID. The IMGRID programs allow a great deal of

flexibility in handling resource data:

1. Data can be encoded as integers or alphanumeric characters,

2. The information can be displayed using gray level shading.

3, The system produces a frequency count to tell the user how

many times each class appears on the map,

4. The data can be receded to be useful in the analysis

process,

5, Data can be combined with other data to produce a new map,

6, Searches can be performed to show proximity to places of

interest such as roads, development, and water,

7, Data can be accepted from a variety of reference systems

(UTM, Geodetic, and State plane),

8. The system can be used to cluster cells to obtain enough

concentration in an area for a particular use,

2, Disadvantages of MIADS and IMGRID

a, MIADS, MIADS has several aspects that are undesirable:

1 , The maps are hard to read because there is no overprinting,

Patterns are hard to see,

2, Since it takes two characters to identify each cell,

scaling is difficult.
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3. Because of the scaling problem with the output, road

overlays are hard to produce.

4. Data translations have to be made for the whole legend.

The system does not allow recodes to be made in the

analysis process.

5. The system has no means of showing proximity, thus lacking

an important step in the analysis process.

6. The source map has to be cut into small strips because

only 36 two character cells can be processed per strip.

7. The maps are hand coded a line at a time.

8. Data are entered into the system on keypunched cards.

b. IMGRID. Some shortcomings of the IMGRID system are:

1. In most computer centers IMGRID is strictly batch with no

interactive capabilities even for editing.

2. The maps are hand coded a line at a time.

3. The system can map only twenty levels at a time from any

f i 1 e.

4. The map is limited to 32,500 cells on the IBM 360. Since

this limit is due to the computer, the limit is much

greater with the IBM 370.

5. Data cannot be combined with data of different scale.

6. Data are entered into the system on keypunched cards.

3. Operational Comparisons

Here are some examples of how these advantages and

disadvantages affected this study. MIADS capability to map 2,200
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characters proved beneficial when land use and suitability for

farmland were combined. This combination produced 50 different

classes that were mapped according to the matrix in Figure 10

(page 75). The ability of MIADS to map a large number of unique

characteristics is an advantage because a map produced by a matrix

between suitability for farmland and land use, for example, can be

grouped manually to show many different interpretations involving

these two interpretations. This manual grouping reduces the number

of classes to be interpreted and produces a map that is easier to

understand. The matrix between suitability for farmland and land

use was also produced by the IMGRID system. However, IMGRID can

map only 20 classes per computer run. The matrix values (Figure 11,

page 76) had to be receded to achieve the number of classes that

could be handled. One apparent problem is the difficulty in choosing

a symbol set that will show patterns on a large number of classes.

MIADS does not have the capability to produce gray level maps. The

maps of this study clearly show this to be a disadvantage. The

number of levels MIADS could map would be cut drastically if gray

level mapping were added to the system.

Another important advantage of IMGRID is the ability to do

proximity to lines and points. This capability was very useful in

developing the landfill model. Searches from roads, development,

and water were combined with sanitary landfill interpretations to

show potential landfill sites. Also, land use was combined with

sanitary landfill interpretations to show sites that did not conflict
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with development. MIADS was at a big disadvantage because it could

not do proximity to lines or points. Only simple overlays could be

performed.

Advantages and disadvantages of MIADS and IMGRID are due

mainly to their analytical capabilities. One big advantage in

analytical capabilities of IMGRID over MIADS was demonstrated with

the landfi 11 model.

IMGRID and MIADS were compared on the basis of their

capabilities, common characteristics, advantages, and disadvantages.

MIADS proved to be a good system for making simple interpretations,

but its value as a mapping or analytical tool is questionable. On

the other hand, IMGRID has analytical capabilities that far exceed

those of MIADS. For example, the modeling capability and the

ability to do proximity searches make it possible for IMGRID to be

used more extensively in the decision-making process. This is demon

strated by use of IMGRID in the landfill model. Also, it can be com

bined with other programs such as route optimization for roads or

transmission lines to show the most economical way to get from point A

to point B, or to calculate the route that would have the least impact

on the environment. Although not demonstrated in this study, this

capability is suggested here to show that IMGRID is a powerful tool

that can be used easily in the decision-making process.

Other factors make IMGRID more desirable than MIADS. One is

IMGRID's capability to highlight points of interest to the user by

overprinting characters. Also, a histogram and legend are provided
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with each map to show how each class is represented. MIADS provides

tables and statistics for each map on a separate page, but MIADS

maps are harder to use than IMGRID maps. However, by using an

external process MIADS maps can be produced in color. Such maps are

easier to interpret. In this study comparisons indicated that IMGRID

line printer maps are much easier to understand than MIADS maps.

4. Costs

More information is needed before comparing costs of the two

systems. IMGRID can be obtained by paying a small royalty fee to

Harvard University. MIADS can be obtained from the SCS. Since cost

for the MIADS system was not determined, comparison of the cost for

operating the two systems can only be estimated.

5. Summary of Comparisons

Since costs were not determined, the two systems were

compared only on their capabilities for analysis and and mapping.

Based on these capabilities there can be no doubt that IMGRID is a

far better system than MIADS. Both systems can be used by people

with little or no computer training. Since both systems are easy to

use and there is no evidence to support costs, a user would probably

choose IMGRID over MIADS mainly because of the quality of the maps

and the analytical capabilities of IMGRID.
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D. Quality Control in Spatial Analysis

The purpose of this section is to describe the process of

quality control in spatial analysis and to give examples of quality

control problems encountered.

1. Spatial Analysis Techniques

To show how spatial analysis techniques are employed in this

research project Figure 38 (page 139) will be used as an example of

one type of an analysis technique. The techniques demonstrated in the

flow chart (Figure 38) show how data can be manipulated in a computer

assisted spatial analysis system. The first technique is an inter

pretation of the source data. In this example there were four source

documents: (1) a soil map, (2) a map of roads, (3) a map showing

residential development, and (4) a map showing surface water. The

soil map was interpreted by evaluating the physical capabilities of

each mapping unit for sanitary landfill development. A map showing

roads, development, and water was interpreted by assigning values to

each of the attributes that would allow them to be used in the

analysis process.

The analysis process is outlined in the following steps.

First, the source documents were interpreted for various uses.

Secondly, the Search keyword of IMGRID was used to show proximity to

roads, development, and water. The Overlay keyword of IMGRID was then

used to make composite maps from the interpretive maps and searches.

Landfill interpretations from soils were combined with a search from
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roads to give a map that showed potential landfill sites that were

close to roads. This map was then combined with a search from

development and the resulting composite showed sites that were close

to roads and away from development. This composite was then combined

with a search from water to produce a composite showing sites that

were close to roads and away from development and water. To eliminate

sites that were too small to be considered for use as a sanitary land

fill some clustering was done utilizing the ASearch keyword of IMGRID.

To summarize the techniques used in this outline, four techniques

were employed: (1) interpretation, (2) search (proximity), (3) over

lay, and (4) clumping.

The last step in the exercise on spatial analysis techniques

was to take one or more of the composite maps, starting with Figure 44

(page 153) and examine specific cells in different parts of the map

tracing back through all data and assumptions (procedures and inter

pretive data) to determine how the results turned out the way they

did. A similar analysis was also performed on Figure 45 (page 156)

to explain why clustering of some cells on Figure 44 resulted in

errors on Figure 45.

2. Quality Control Techniques

This selection was included to identify ways in which errors could

be controlled or minimi zed in a spatial analysis system. A lot of errors

that occur in such a system are due to errors in record keeping or the

lack of record keeping. For example, the criteria for the land use

map identified grassland but when maps were printed it was called



167

pastureland. Additional confusion was caused by using terms which

did not clearly distinguish prime farmland from other important farm

land. These kinds of errors can be eliminated or minimized if records

are maintained to insure that consistency occurs throughout the

analysis process. Some examples of kinds of analyses and types of

records that should be kept in order to maintain good quality will be

discussed under Methods for Controlling Errors .

3. Source of Data Errors

There are many places where errors can occur in the data.

Some examples are: source document errors, encoding and data entry

errors, and interpretation errors.

a- Source document errors. These are errors that are due to

imperfections in the original map. For example, a soil map may have

a soil body delineated with two different map symbols. Another

example would be delineation with no map symbol. These kinds of

errors are detected easily when soil maps are digitized manually

because each delineation on the map is examined more closely than for

practically any other use.

A second kind of source document error may be a land use map

that does not reflect current conditions. If the area is field

checked the situation seen on the ground would differ from that indi

cated on the map. One way of minimizing errors of this type would be

to conduct thorough ground truth analysis before encoding the map.
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A third cause of source document errors can occur if an

attribute such as water is taken from two source documents. For

example, water was encoded from both a soil map and a topographic map.

Conflicts resulted when attributes from both of those maps were used

together. Conflicts resulting from use of two source documents can be

minimized by selecting one document as the best source and converting

the same cells in files of another source documents to correspond.

b. Encoding and data entry errors. Errors may occur also when

data are entered on the coding form or keypunched. The data should be

checked many times to make sure that encoding errors have been

detected and eliminated. After keypunching the cards should be

checked against the coding form to be sure that the information on the

card is the same as that on the coding form. It also helps to have

the data checked by someone that is not involved in the project.

c. Interpretation errors. Errors can occur because of

incorrect interpretation of the source data. These can be minimized

by establishing criteria that will cover all anticipated situations and

maintaining records of the interpretations made throughout the project.

Criteria must be rigorously maintained, or where interpretations differ

from established criteria, such departure should be indicated.

4. Methods for Controlling Errors

There are ways of controlling or reducing errors in a spatial

analysis system. The first step is to establish rules for dealing

with errors in the source documents such as two symbols in a soil

body or no data to fill gaps between county boundaries. Stay within
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the rules established or keep records that show where different

information was used and give reasons why the changes were made.

Other ways of controlling errors are: (1) check coding form care

fully to be sure data are encoded correctly, (2) check keypunched

card against the coding form to make sure they match, (3) produce

interpretive maps, look for obvious errors, then place a clear over

lay of the topographic map over them to be sure that the map is

correct according to topography, (4) make a series of maps for each

class represented on the computer map that will allow you to examine

any cell that may look out of place by placing the clear overlay on

the separations to see if soils that are supposed to occur on the

hills are showing up in the valleys, (5) choose several points on

the final maps and trace them backward through all operations per

formed on the maps to determine if the system operated properly, and

(6) keep good records so that consistency as well as quality can be

maintained throughout the analysis process.

5. Explanation of Errors in Analysis Maps

This section gives specific examples of errors in the analysis

maps and points out how errors in the source documents can cause

errors in the analysis maps.

a. Situation. Figures 34 and 35 (pages 128 and 129) are

composite maps produced by combining the soil interpretations for

farmland with the land use interpretations from the topographic map.

Both of these documents had water encoded as an attribute and it did
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not always occupy the same reference point on the map. Some areas

where there were conflicts are circled on Figure 34 (page 128).

Explanation. Because there were conflicts between the two

source documents it was decided to override the water symbol on the

soil map with the symbol on the land use map. This was done because

the land use map was more current than the soil map. However, the

required update was inadvertently not made in two cells near the top

of Figure 24 (page 102) and Figure 28 (page 113). This error was

explained in the discussion of these figures.

c. Situation. It was apparent that there were errors in

Figure 45 (page 156) that could not be explained from simple observa

tions. Detailed studies of the situations were required. This was

accomplished by selecting a potential problem area for each of the

three counties on Figure 44 (page 153) and tracing one cell in each

county back to the original soil and land use data. Starting at the

upper left corner of the map the cells were numbered 1 through 6400.

Cell 56 in Knox County at the top of the map showed a slight limitation

for landfill development.

d. Explanation. Cell 56 was traced backward starting with

Figure 44, a composite of suitable landfill sites that are close to

roads and away from development and water. The next step was a search

from water. This cell met the required criteria. Going backward

through the analysis indicated that the cell met all criteria for

searches from development and roads. Then an examination of the source



171

documents showed that this cell was enclded as Bolton silt loam, eroded,

rolling phase, from the soil survey. Land use was woodland. This phase

of the Bolton series was rated as having slight limitation for landfill

development in this research. Therefore, the evaluation provided no

explanation for cell 56 on Figure 45 (p. 156) being rated as having

moderate limitations instead of not suited for landfill development.

e. Situation. Two other cells in this study were traced back

to the original data. Cell 3853 in Loudon County and cell 3329 in

Blount County, respectively. Figure 44 (page 153) showed these two

cells to have slight limitations for landfill development.

f. Explanation. These cells, 3853 and 3329, were traced

backward through the analysis as was cell 56. Cell 3853 was found to

have a slight rating throughout the evaluation. The source document

showed this cell to be Minvale silt loam, gently sloping phase, and

the land use was grassland. Cell 3329 showed a slight limitation for

landfill development on the computer map and the source document

showed a slight limitation for the Minvale silt loam, eroded sloping

phase. However, this evaluation did not explain errors at these cell

locations on the computer map Figure 45 (p. 156). Therefore, the errors

had to be caused by the clustering of cells on Figure 44 that produced

Figure 45. An evaluation was then made to determine what happened

and why it happened. The 3 cells previously used were also used in

this evaluation. It was found that according to the established

criteria these cells should have been rated not suited for landfill
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development on Figure 45 (page 156) instead they were rated moderate.

A check of the computer input card showed that the break between

moderate and not suited was 8 not 9 as shown on an earlier version of

Figure 18 (page 83). However, this did not explain why a value of 7

was assigned to the moderate class in Knox and Loudon counties and a

value of 6 was assigned to the moderate class in Blount County. From

this evaluation it was determined that there is a problem with the

ASearch keyword of IMGRID. Although minor errors occurred in

Figure 45 as a result of using this keyword it appears to be a valuable

tool. However, the problem should be corrected for future use.

g. Situation. One situation that did not cause errors in the

maps produced did leave an inconsistency in record keeping. Figures 10

and 11 (pages 75 and 76) are matrixes set up to show how farmland is

being used. Figure 10 uses the MIADS system and Figure 11 used IMGRID.

The classes for land use were not listed in the same order on both

fi gures.

h. Explanation. This switch in symbol order does not affect

computer performance or the output, but more careful record keeping

would assure consistency.

6. Summary of Quality Control Techniques

Several aspects of data manipulation need close attention to

control quality in computer assisted spatial analyses. One is the

checking for errors in the source documents. Conflicts among source
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documents must be resolved before analysis is performed. Data must

be encoded and entered into the system correctly to avoid errors.

Errors in interpretation of source data also create problems. Close

attention to all of these problems will result in more accurate

results.



CHAPTER VII

SUMMARY AND CONCLUSIONS

There is a need for computerization of soil survey information.

Several computer programs are available to aid in the processing of

interpretive maps. However, selection of a program depends upon

the availability of equipment and personnel and the way the inter

pretive maps are to be used.

Some information on fifty-five systems was assembled from

literature. Several of these systems are capable of producing

interpretive maps, performing analyses, and managing a data base

with soils information. An evaluation of these systems showed that

some of them were capable of performing the functions stated as

objectives for this study.

From the list of 55 systems many were not selected for use in

the study because: (1) they could not be obtained in the time allotted

for the study, (2) the researcher could not have direct access to

digitizing equipment; (3) some of the systems had been compared by

other researchers; (4) some polygon systems were impressive in company

literature, but were not selected for this study because conversations

with users showed they do not perform as promised; and (5) polygon and

line segment systems are expensive to operate because of Targe computer

storage requirements. Other systems were dismissed because of distance

from the researcher.

The two systems selected for further study were the IMGRID and

MIADS spatial analysis systems because: (1) these systems were made

174
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available for the study, (2) the agencies using the systems had a

genuine interest in having them compared; (3) both systems have been

used successfully for producing interpretive maps from soil informa

tion. IMGRID has several million acres of soil data encoded as

1.08 hectare (2.68 acre) cells and MIADS has several million acres

encoded as 6 hectares (15 acres) or larger cells; and (4) a com

parison of these two systems is beneficial because the SCS and TVA

have a cooperative agreement for exchanging information. MIADS is

used by the SCS and IMGRID is used by TVA. Information exchanges

would be easier if both agencies used the same system.

From the comparison of IMGRID and MIADS the following

conclusions may be drawn:

1. Both IMGRID and MIADS can be used successfully to produce

single purpose and single factor maps. However, IMGRID

maps are more usable as printed because their overprinted

gray level maps show patterns better.

2. The analytical capabilities of IMGRID exceed those of

MIADS which is limited to simple overlay procedures.

IMGRID's ability to do proximity searches is one reason

for its superiority in analysis capabilities.

3. Both IMGRID and MIADS have the capability to manage large

volumes of data, but differ in what they can do with

these data. Both systems can combine data from one file

with that of another to create a new file, but IMGRID can

perform analyses on data from each file before combination.
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For example, after presence of water from the land use

file was combined with water from the roads and streams

map, a 3 cell distance from water search was performed

before combination with sanitary landfill interpretations.

This composite was then combined with a search from roads

and development to show potential landfill sites that were

close to roads and away from development and water.

4. Both systems were capable of joining soils information from

three surveys, all on different scales. However, because

the same code did not always represent the same soil in

all three counties, interpretations were joined instead of

original data.

5. The two systems used grid cells as the method of input.

Data were encoded a line at a time and keypunched onto

cards for entering the computer. The data were manipulated

and retrieved interactively by MIADS. All functions of

IMGRID were performed by using cards.

6. Edits and updates are easy with both systems, but because

IMGRID overprints, errors are easier to find. When errors

are found they can be updated either one cell at a time or

as a group of cells. Since MIADS does not overprint,

errors on the map are difficult to find, but once they are

located they can be updated easily.

7. The best information system available today may be a

combination of IMGRID for its analytical capabilities and
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a good polygon system for its management function.

However, for analytical capabilities alone the best single

system is IMGRID.

In conclusion: (1) problems caused by the nature of soils data

can be solved by receding the data when necessary or by joining

interpretive maps to avoid errors caused by differences in county

legens; (2) MIADS is a good tool for simple analyses and data storage,

but has little value as an analytical tool; (3) IMGRID is better than

MIADS for resource planning; (4) information in the literature indi

cates that polygon systems represent the original data with more

precise resolution than IMGRID and MIADS, but have not been around

along enough or are too expensive to have been proven effective in

handling and analysis of large amounts of resource data; (5) our

comparison of the analyses and maps produced in this study left

little doubt that IMGRID is better than MIADS to aid the decision-

maker in resource planning; and (6) from literature evaluations and

the comparison with MIADS it was learned that IMGRID has analytical

capabilities that far exceed those of MIADS and many of the polygon

systems. For this reason it was concluded that IMGRID was the best

system by far for producing interpretive maps from soils and other

resource information.

Further research is needed in at least three areas:

1. The IMGRID and MIADS systems should be compared where the

researcher has complete control over both. Then they

could be treated the same and tested for all functions the
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systems are capable of performing. An accurate comparison

of cost is needed.

2. Some new polygon systems should be tested for effectiveness

in handling resource data to determine their interactive

capabilities and assess their adaptability for small

offices.

3. The best grid system and the best polygon system should

be compared to evaluate their usefulness in the planning

processes. The resolution needed and the graphic product

desired should be considered when selecting a computer-

assisted system.
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Criteria for Rating Soil Mapping Units

Important Farmland

1. Soil mapping units classified as prime farmland were taken from

SCS inventory and monitoring memorandum Tn-1 November 1978. This

is an interoffice memo that can be obtained from the SCS state

office in Nashville, Tennessee.

2. Soil mapping units classified as other important farmland were

also based on criteria outlined in SCS memorandum Tn-1.

3. Soil mapping units classified as other land were the remainder

of the units except for wetland.

4. Wetness limitation—Soils that are wet or in depressed areas.

5. Water.

Depth to Bedrock Values Assigned (1-4)

1. 0-0.6 m (0-2 ft.)

2. 0.6-1.2 m (2-4 ft.)

3. 1.2-1.8 m (4-6 ft.)

4. 1.8 m+ (6+ ft.)

Slope Values Assigned (1-5)

1. 0-2%

2. 2-5%

3. 5-12%

4. 12-25%

5. 25%+
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Limitations for Sanitary Landfill

The criteria for landfill interpretations were selected by

modifying criteria established by the Metropolitan Planning Com

mission and TVA for locating feasible landfill areas in Knox County.

1. Slight 2. Moderate 3. Severe

>6' to water table

>6' to bedrock

<2"/hr. perc.

12-20% slopes

No flooding

Class 2 stoniness

<6' to water table

<6' to bedrock

>2"/hr. perc.

>20% slopes

Occasional flooding

>6' to water table

>6' to bedrock

<2"/hr. perc.

0-12% slopes

No flooding

Class 1 stoniness

Capability Classes

Capability classes for the soils in Blount and Loudon counties were

taken directly from the soil surveys. In Knox County, capability

classes were determined by matching phases of soil series with

capability classifications in surrounding counties and in the

official series descriptions.

Erosion Potential

2. Moderate1. Slight 3. Severe

Class I, II, IIIw,
and IVw land

Nearly level

Class Ille and Ills
land

<12% slope

Slow runoff or runon Moderate runoff

Class IVe, IVs, VI, and
VII land

>12% slope

Rapid runoff
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GMD3
8
1
344234

2EMG
1
9
346335

AOG
2
0
131311

GOG
2
1
23132 3

GRE3
2
2
336335

2GUG
2
3
243223

2DUG
2
4
344 334

Table 31. Ratings of Louden County soils for interpretations and
factors.
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ACB
1 142 112

AGO
22 4312 3

AB 312 1312

CNB
4 31332 3

BND
5314 334

2C0B
62431 33

2D0B
73442 34

2E0B
8346335

GAG
934 312 3

GAD
1
0
344 2 34

CAE
1
1
346*2
3 4

GAP
2
1
347335

GBG
1
3
313323

GMB2
1
4
142 1>-2
2

GMG2
1
5
24 3123

GMG3
1
6
244133

2DMG
1
7
344234
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Table 31 (continued)

>>
■p r—

■o o >,1—
£ •»-> r—' £ r— £ •«-

t— fO o •r- (T3 T- O -P
o o; r- -£ O -Q </) +-> •r- £ 0)

O) E E s- fO CO •r- -O to CD CL
E "O •r- £ Q-X3 Q. fO C £ O *P O
>, O S- tn <V CD (O r— fO £ O r—

o O. U. Q CQ O O C>0 -J uj a. OO

wo 137 1 4 2 3 1 1

Y (no
H a + a \ 138 0 0 0 0 0 0

Z (water) 139

*Where additional information was available the ratings were
assigned values incorporating this additional information and there
fore the ratings differ from those indicated by the criteria in
Appendix A.

**Mistakes made in interpretation of original data.
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Table 32 (continued)
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 inaS
yrat 1lifdnaL
noisorE
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I
N

167
232313

OT168
32733 5

TP
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144321
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334*2 3 ,
^
4

WB
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334*23
4

CW
271
233*2
23

WD
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14221 •2

WE
174
243333

WF
175
142 3*2
2

 Y
(no )atad

176
000000.

 Z )retaw(
177
558446

*Where additional information was available the ratings were
assigned values incorporating this additional information and there
fore the ratings differ from those indicated by the criteria in
Appendix A.

**Mistal<es made in interpretation of original data.
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Table 33 (continued)

Code

Prime Farmland
1

Depthto Bedrock
Capability lCssa

Sanitary Landfi11
Erosion Potential

lSepo

IN 139 2 3 3 3 3 3

TO 140 3 2 4 3 3 4

TP 141 3 2 6 3 3 5

TR 142 3 2 6 3 3 5

TS 143 3 2 6 3 3 5

WA 144 1 3 2 3 2* 2

WB 145 2 3 3 3 3 3

WC 146 3 2 4 3 3 4

WD 147 1 3 2 3 1 2

WE 148 1 4 2 3 1 1

Y (no
data)

149 0 0 0 0 0 0

Z (water) 150 5 5 8 4 4 6

*Where additional information was available the ratings were
assigned values incorporating this additional information and there
fore the ratings differ from those indicated by the criteria in
Appendix A.

**Mistakes made in interpretation of original data.
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Table 34. Example from Louden County soils legend as receded for the
MIADS system.

Symbol Recede Recede

ACB AA DED2 DH

AGO AB DEE2 DI

BA BA DWG3 DJ

BNC BB DWD3 DK

BND BG DWE3 DL

B0C2 BD EM EA

B0D2 BE ER EB

B0E2 BP ETB EG

GAG GA ETC2 ED

GAD GB ETD2 EE

CAE CG PAB2 PA

GAP GD PAC2 PB

CBG GE PAD2 PC

GMB2 CP PBC3 PD

GMC2 CG PBD3 PE

GMG3 CH PBE3 PP

GMD2 GI PGG PG

GMD3 GJ PGD PH

GME2 GK PGE PI

GOA CL PGP PJ

GOG CM PDD3 PK

GRE3 CN FDE3 PL

GUG2 CO PDP3 PM

GUD2 CP PSB PN

DGB2 DA PSG PO

DGC2 DB PSD PP

DGC3 DC PSE PQ

DGD2 DD PSP PR

DGD3 DE PIG 3 PS

DEB2 DP PTD3 PT

DEG2 DG PTE3 PU



APPENDIX C



QUESTIONNAIRE ABOUT COMPUTERIZATION
OF SOILS INFORMATION

by

MILTON ALLEN

1. Have any of the published soil surveys in your State been put in
computer retrievable form?

Yes No

2. If answer is yes to question one, what procedures are you using?

3. In your opinion is there a need for rapid display of soils
i nterpretation?

Yes No

4. How much does it cost to produce an interpretive map on a county
format or 7-1/2 minute quadrangle?

County Quadrangle Not estimated

5. What are your needs in the area of computerized soils information?

6. What type of computer hardware or software, or both, do you
believe will be necessary to get the job done?

7. What referencing system are you using (UTM, Geodetic, etc.)?

UTM Geodetic Other

8. Are you familiar with the advance mapping (AMS) that is developed
by the Soil Conservation Service?

9. Are you using Polygons ? Cells
Explain techniques and equipment needed
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10. We are currently using manual coding techniques. Please share
your ideas on automatic coding procedures if you use them.

11. If you are working with automatic coding procedures, what would
your estimate costs be? Compare this with manual coding
techni ques.

12. Can you produce color computer maps? Yes No_

13. If so, what are the procedures used to produce such a map?
How much does it cost to produce a color computer map for a
county?

14. What method or procedure is used to fit the computer printout to
a base map?

15. Do you have suggestions on how registration problems may be
handled when trying to fit a computer generated map to a base
map?

16. What procedures are being used to insure accuracy of data?
Explain some ways that you think will be effective in validation
of data.

17. Are any attempts being made to rid the soils maps of distortion,
such as redrafting or are they being coded as is? Explain.

18. Do you exaggerate narrow streams and small lakes or ponds so
they will show on the completed computer map? Yes No

19. If answer to previous question is no, do you show streams and
other water by manual or computer overlay or by other means?

20. List any other ideas you have about a study of this type.



APPENDIX D



Description of IMGRID Keyword Functions

1. ASearch—This process creates a new element by searching around

points on the grid for a defined distance and summing those

values in the element being searched.

2. End—This keyword causes the system to cease execution and stores

the current system parameters in the element record file. The

keyword also produces an end run list unless it is suppressed.

3. Interp—The keyword allows the user to read in alphanumeric data

instead of integer data. A data legend is also read in and

IMGRID uses it to transform the alphanumeric data into integer

form which other IMGRID keywords can handle.

4. Map—This keyword creates a display of an existing or previously

created element. Displays can only be made of elements which

have values in the range of 0-19.

5. Matrix—Creates a new element which identifies the relative matrix

position of each cell when two elements are compared. The

column element is specified on the keyword card and the row

element is read from a continuation card which automatically

follows the keyword card. The maximum number of rows or columns

is "9".

6. Overlay—Creates a new element by assigning new values to a set

of old values. When continuation elements are specified the

subsequent rescale values override the previous values when the

rescale value is greater than the previous value.
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7. Recode—Creates a new element by assigning new values to a set

of old values .

8. Reloc—Moves a data element from one location to another in the

data element file.

9. Reject—Creates a new element which identifies a set of cells

which may be rejected from subsequent analysis if the reject

element is specified.

10. Rename—Assigns a new name in the element file to the element

specified.

11. Search—Creates a new element which measures the number of cells

from specified "search condition" cells to every cell in the

grid.

12. Symbol —Permits the specification of a special symbolism set.

The system has stored six symbol sets available to the user.

13. Text—Permits the insertion of descriptive information into the

output stream at any point.

14. Update—A1 lows direct assignment of value to a specific grid

cell position on a cell-by-cell basis.

15. XChange—Creates a new file from an old file by allowing the

user to group old values in any way, and to assign any value to

the numbers in these areas.

15. XMatrix—Creates a new element in which the rescale values are

identified by two elements which define the rows and columns of

a matrix.
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17. XRecode—Creates a new element by replacing values in an

existing element with user-specified rescale values. XRecode

can be used to rescale values outside the range 0-19 and values

outside the range 0-9 can be assigned.

18. Zone—Creates a new file.

19. Endt—Is not a keyword but it is needed to tell the system where

the text end so that the next keyword can be read.



VITA

Milton Allen was born in Somerville, Tennessee, on April 21,

1948. He attended elementary school in that city and was graduated

from Fayette Ware High School in May 1966. The following September

he entered Tennessee State University, and in June 1970 he received

a Bachelor of Science degree in Agronomy. He began study toward a

Master's degree at Tennessee State University in June 1970. This

degree was awarded in June 1971.

After a 15-month tour of duty with the United States Army,

he accepted a position with the Soil Conservation Service as a Soil

Scientist. In September 1973 he entered The University of Tennessee,

Knoxville. He returned to duty with the Soil Conservation Service

in June 1974. He again entered The University of Tennessee, Knoxville,

in September 1976. He received the Doctor of Philosophy degree with

a major in Plant and Soil Science in March 1984.

Mr. Allen will be employed with the Department of Interior,

Office of Surface Mining, after graduation.

He is married to the former Jerry Ann Craft of Elcampo, Texas.

They have two children, a son Adrian Jamil, and a daughter Alicia

JaNel1e.

216




