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CHAPTER I 

INTRODUCTION

Geographers and cartographers have long been interested in 

using new methods that make it possible to investigate and depict 

different aspects of the physical and human/cultural environment.

In recent years, Geographic Information Systems (GIS) have proven to 

be useful in studying spatial relationships and may be useful in 

monitoring certain types of change in the environment. A GIS is 

most often a computerized system designed to store, manipulate, 

analyze, and display large volumes of spatial data. The various 

applications of geographic information systems have yet to be 

explored.

One possible application of the GIS concept is in monitoring 

the rural-urban fringe. This area is a zone of transition between 

well recognized urban land use and the area devoted to agriculture 

(Wehrein, 1942, p. 53). As the urbanized area spreads outward, so 

does this fringe area and, as a consequence, the rural-urban fringe 

area changes rapidly. It is the purpose of this research project to 

test the feasibility of using a GIS to monitor changes for a portion 

of the rural-urban fringe of western Omaha (Figure 1).
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THE IMPORTANCE OF CHANGE DETECTION

Land-use change information is very important, especially to 

urban planners. Multi-temporal change analysis may assist the 

planner in determining a spatial trend. F. Stuart Chapin saw the 

need for assembling and summarizing land-use data. He also saw the 

need for construction of systematic procedures for keeping account 

of changes (Chapin, 1972, p. 298). Even though this is an important 

aspect of urban planning, the lack of systematic procedures to 

update and maintain land use changes has hindered many planning 

agencies from keeping accurate up-to-date records. A case in point 

is the City of Omaha which has not produced a land-use map since 

1973.

The concept of change detection was a key element in the 

formulation of the Land Use Change Geographic Information System 

(LUCGIS) created for this thesis project. Before change detection 

was carried out, the maps created for this project had to be encoded 

and stored in a computerized map file. Automated change detection 

involves the comparison of two maps that have been encoded into

numbers. In this case, two land-use maps were compared to

automatically produce a map which displays the areas where change

has occurred. A geographic information system is designed to

perform such functions.
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GEOGRAPHIC INFORMATION SYSTEMS

For the last twenty years, there has been a movement to develop 

automated tools for efficient storage, analysis, and presentation of 

spatial data. These efforts have been implemented for a variety of 

uses: land-use analysis, urban planning, environmental planning,

natural resource exploration, zoning, census statistics, natural 

resource management, transportation, coastal studies, construction 

facility management, taxation and ownership monitoring, spatial 

analysis, and military purposes, among others. In the future, GIS 

systems will be more widespread as the computer industry evolves and 

as the GIS software becomes distributed at a reasonable cost.

Graphics, and more specifically maps, have historically been a 

structure for most disciplines concerned with spatial analysis.

Maps have provided us with a medium for record keeping, conceiving 

of ideas, analyzing concepts, predicting the future, developing 

decisions about geography, and communicating spatial concepts to 

others (Dangermond, 1982, p. 2). Computerizing maps as part of a 

geographic information system should enable increases in the amount, 

speed, and accuracy of information gained from the analysis of maps. 

Other advantages of using automated geographic system technology 

compared to manual techniques include the following:

1) Data are maintained in a physically compact 

format (i.e., the magnetic tape).
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2) Data can be maintained and extracted at a 

lower cost per unit of data handled.

3) Data can be retrieved with much greater speed.

4) Various computerized tools allow for a variety

of types of manipulation including map measurement, 

map overlay, transformation, graphic design, and 

data base manipulations.

5) Graphic and non-graphic (i.e., attribute information) 

can be merged and manipulated simultaneously in a 

"related" manner.

6) Rapid and repeated analytic testing of conceptual 

models about geography can be performed (i.e., land 

suitability/capability). This facilitates the 

evaluation of both scientific and policy criteria 

over large areas in short periods of time.

7) Change analysis can be efficiently performed 

for two or more different time periods.

8) Interactive graphic design and automated 

drafting tools can be applied to cartographic 

design and production.
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9) Certain forms of analysis can be performed

cost effectively that simply could not be done 

efficiently if performed manually (i.e., digital 

terrain analysis, calculations such as slope 

aspect, sun intensity, watershed, overlay 

analysis of multiple sets of complex polygon 

map sheets, etc.). (Dangermond, 1982, pp. 5-6)

Typical GIS software packages include a variety of standard 

options: windowing, edge matching, geometric correction, projection

change, statistical analysis, and overlaying. Programs developed 

specifically for this project include, overlaying, acreage 

statistics, updating, and several display routines. These programs 

combined with software supplied by Spatial Data Systems and a 

locally developed digitizing program, comprise the LUCGIS.

GIS Data Handling

A fundamental concern in designing a GIS is the encoding of 

spatial information. Consideration should be given to purpose for 

the GIS and those who will be using the information. The two most 

common techniques for encoding spatial data are vector and raster. 

Vector format refers to single pairs of digital X-Y coordinates that 

are connected with lines. Representing point entities, of course, 

pose few major problems since they may be represented as single
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pairs of coordinates. However, the representation of line and area 

boundary-information is somewhat more complex (Marble, 1983, p. 925). 

The vector algorithms used for overlaying maps are particularly 

complex and consume a great deal of processing time.

The other major type of representation for automated 

cartographic data is raster format. Grid formats, a form of raster

organzation, were frequently used in the earliest days of automated

spatial data handling before specialized graphic output devices were 

available, since they lent themselves to line printer output. Each 

grid cell was translated into a character position on a line printer 

to produce a simple but crude form of graphic output (Peuquet, 1979, 

p. 132). An example of this type of output is produced by a program

called SYMAP (Figure 2) developed at Harvard University's Laboratory

for Computer Graphics and Spatial Analysis during the mid-to-late 

1960's.

Vector format is used more often because of historical 
predominance of vector-oriented algorithms, and vector encoding is 

best adapted to retaining the logical map entities familiar to 

humans (Peuquet, 1979, p. 133). However, new technology has provided 

better resolution for raster representation, therefore improving the 

capabilities to depict map features. With this improved output, 

raster systems may be favored over vector systems because of faster 

processing, less complex programs, and more efficient computer 

storage. Improved raster technology will aid immensely in
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displaying land-use change for the rural-urban fringe.

LAND-USE CHANGE IN THE RURAL-URBAN FRINGE

The rural-urban fringe has been of considerable interest to 

urban geographers. These areas have developed as the result of 

decentralizing processes which began to affect American cities in 

the i860's. Railways were among the first decentralizers and 

equalizers of urban rents and housing values (Woodward and Woodward, 

1865, p. 12) with settlement occurring around railway stations.

Later, inter-urban electric streetcar lines had an even greater 

impact because steetcars made many more stops. The greatest impact 

on rural areas came about because of the automobile. Development 

radiated outward from the city like spokes of a wheel. Over time, 

residential, commercial, and industrial land uses began to fill in 

the area between those routes.

Urban sprawl is a more modern term for this outward growth 

evident in the rural-urban fringe. It is defined as the continuous 

expansion that goes on around the average city with a belt of land 

always in the process of conversion from rural to urban land use 

(Murphy, 1966, p. 449). According to Harvey and Clark (1965), sprawl 

occurs in three main forms:

Low density continuous development in the rural-urban 

fringe is the lowest order of sprawl and is considered by



PAGE 10

many the least offensive. Ribbon-development sprawl is made 

up of segments, compact within themselves but extending 

axially along travel routes and leaving interstices 

undeveloped. A third type of sprawl is leap-frog 

development. It consists of discontinuous though compact 

patches of urban uses in an essentially rural matrix.

From the viewpoint of land developers, the economic advantage 

of going beyond the zone of high land values, high taxes, and 

restrictive zoning and subdivision regulations are basic causes of 

urban sprawl (Loundsberry, 1981, p. 48). Movement to these 

rural-urban fringe areas was attractive to those who desired larger 

residential lot sizes and more open space. Following the arrival of 

single family residents, the need for commercial activities, parks, 

and schools also developed. Industry located in some fringe areas, 
but Loundsberry notes that desirable sites for specific types of 

industry and recreational developments have been overrun by 

residential and commercial land uses before their values became 

known (Loundsberry, 1981, p. 48).

Other Land-Use Comparisons In The Rural-Urban Fringe

Another urban-fringe problem, resulting because of the effects 

of urban sprawl, is the loss of prime agricultural farmland to urban 

uses. Land that is level, well drained, and accessible to 

transportation lends itself to efficient crop production, but these
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characteristics make it equally well suited to urban development. A 

United States Department of Agriculture study revealed that nearly 

17 million acres of farmland were converted to urban and built-up 

areas during the 1967-1975 period (Healy, 1979, p. 18). Very few 

believe that we are in immediate danger of damaging agricultural 

production because of this process. However, agriculture can offer 

urban areas important open space which is now disappearing. The 

loss of agricultural land in the urban fringe area will be analyzed 

using the LUCGIS.

Of the 17 million acres of agricultural land that has gone into 

urban uses during 1967-1975, as noted by the United States 
Department of Agriculture, about 60 percent was in the three most 

fertile soil capability classes. The LUCGIS land-use classification 

includes information on agriculture and soils, so it was possible to 

conduct a similar study in the Omaha rural-urban fringe area.

The analysis of land use in comparison to soils in rural-urban 

fringe areas can show some other interesting problems. The Soil 

Conservation Service issues soil surveys by county. These surveys 

contain various tables displaying different characteristics of soil 

series. One such table includes engineering interpretations, which 

lists the soil series and its relation to several urban uses such as 

degree of limitation for: dwellings with basements, sanitary 

landfills, sewage lagoons, and others- The LUCGIS makes it possible 

to compare the soils map with a land-use map to find out if there
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are incompatible uses or to locate potential sites for urban uses.

The portion of Omaha that serves as the study area for this 

project includes a small stream, Big Papillion Creek. Most often, 

urbanization increases the magnitude and frequency of floods. There 

are several reasons for increased flooding in urban areas: 1) 

increases of impervious surfaces on the flood plain and within the 

drainage basin, 2) straightening of the stream channel, and 3) 

subdividing into building sites enables runoff to reach the stream 

more quickly. These processes can be observed in this study area.

Of principle concern is the encroachment of urban land uses onto the 

flood plain of the Big Papillion.

PURPOSE OF THIS THESIS

The focus of this thesis is in the creation of a geographic 

information system and the examination of its usefulness for 

detecting land-use change on the rural-urban fringe. In doing so, 

decisions concerning the most advantageous methods for handling data 

will be discussed. The rural-urban fringe land-use analysis will 

center on how the land use in this study area has changed, how land 

use on the flood plain has changed, and how land use can be analyzed 

in conjunction with soils information. The effectiveness of the GIS 

will be judged by the amount, speed, and accuracy of information 

(maps and areal calculations) generated by the system.



PAGE 13

ORGANIZATION OF THIS THESIS

This thesis is roughly organized according to the specific 

questions involved. Chapter 2 will discuss the method used to 

create the Land Use Change Geographic Information System. Chapter 3 

concerns the analysis of both the LUCGIS and selected land-use 
information generated by the system. Chapter 4 examines possible 

improvements to the LUCGIS and presents the conclusion of this 

research project.
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CHAPTER II 

CREATION OF LUCGIS

The creation of the Land Use Change Geographic Information 

System involved two major steps: 1) preparation of the map
overlays, and 2) digitization of these overlays. To implement these 

steps, decisions concerning mapping of overlays, difficulty in 

programming, and method of encoding the data had to be made.

Others have set out to build similar systems. Peter Adeniyi's 

1980 study of land-use change in Lagos, Nigeria employed a similar 

method but was limited by the techology of the 1970's. Instead of 

using an a coordinate digitizer and later converting to a raster 

mode, a grid was overlayed onto land-use maps and each grid cell was 

encoded individually - a time consuming process. The method chosen 

for LUCGIS cuts time drastically, is more accurate, and produces a 

final product of higher quality.

PREPARATION OF MAP OVERLAYS

The first set of overlays to be produced were the land-use 

maps. These overlays were mapped using aerial photography. Several 

problems arose in the acquisition of appropriate imagery, including 

the severe distortion of imagery and several incomplete sets of
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photographs. Three sets of acceptable imagery were finally 

obtained: 1) black and white photographs taken in July 1971, 2)

color infrared photographs from July 1976, and 3) high altitude 

color infrared photographs of May iy8l.

The land-use maps were prepared with a Bausch and Lomb Zoom 

Transfer Scope (ZTS). The ZTS allows the scale of the photograph to 

be adjusted to the scale of the map permitting the conveyance of 

information from an aerial photograph to the map. This enables the 

manual alteration of information on the map based on the more recent 

information from the aerial photograph. The USGS 7.5 minute 

Quadrangle of Irvington, Nebraska was chosen for the base map. The 

use of this base map assures that the geometric distortion inherent 

in aerial photography is removed, as well as conforming all of the 

overlays to the same scale.

In order to map land use, the development of a land-use 

classification system was essential. The basic classification 

system for the Existing Land Use Map of Omaha, Nebraska, May 1973, 

distributed by the Omaha City Planning Department, was chosen for 

this project. The five land-use categories from this classification 

system include: single-family residential, commercial, public,

industrial, and vacant. Two additional categories were used in the 

LUCGIS land-use classification system: multi-family residential and

agriculture.
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The choice of a seven-class system was not made arbitrarily. 

There is no specific optimum number of categories to use in order to 

minimize confusion between categories. In general, however, a range 

from four to seven patterns is frequently suggested for mapping 

purposes (Campbell, 1982, pp. 187-188).

The first land-use map created was the 1971 land-use overlay. 

Photographic interpretation went slowly at first, because of the the 

difficulty in using other sources of information to verify the 

photographic interpretation process. Three types of interpretation 

verification were employed: (1) the Polk City Directory, (2) 1973

Existing Land Use Map, and (3) field observations. The usefulness 

of Polk's City Directory was limited because it only included the 

area east of Interstate 680 in the 1971 edition. The Existing Land 

Use Map was helpful, but it was constructed two years after the time 

period of this overlay. Field observations can be time consuming 

and were made only as a last resort. However, if the object on the 

photograph could not be interpreted or verified by other means, a 

field observation was made.

After the first land-use overlay was constructed, copies were 

made using the diazo copying process (an ultraviolet light 

photographic process). The next two land-use overlays were 

constructed using the diazo copies which saved time in the map 

preparation and assured a high degree of coincidence between the 

maps. The 1976 land-use overlay was constructed in the very same
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manner as the 1971 overlay. It should be noted that the Polk City 

Directory extended past Interstate 680 and proved to be more useful 

for the 1976 and 1981 overlays. However, for the 1981 overlay, the 

process of land-use classification relied more heavily on field 

observations. In all, over fifty sites were checked to insure 

proper interpretation. The Polk City Directory and the new 1976 

land-use overlay were also referenced during the construction of the 

1981 overlay.

Road maps of the urban fringe area were also produced from the 

three sets of aerial photographs. These overlays were constructed 

in the same manner as the land-use overlays. Diazo prints of the 

1971 road map overlay were produced, and the two remaining road maps 

were constructed on these prints.

The final two overlays to be produced depicted flood plain and 

soils information. These two overlays were copied directly from 

existing maps via the Zoom Transfer Scope and scaled to the 

Irvington, Nebraska 7.5 minute Quadrangle (scale 1:24,000) base map. 

The flood plain map overlay was taken from the Federal Emergency 

Management Agency's Flood Insurance Rate Map of October 1980. The 

information transferred to the overlay was the 100 year flood plain 

and 500 year flood plain. The soils map overlay was taken from the 

1975 Douglas County Soil Survey produced by the Soil Conservation 

Service (SCS). To produce a discernible soils map, generalization 

of the SCS soil classes was necessary. Soils generalization was
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achieved by combining soils groups with similar characteristics.

DATA ENTRY

Upon completion of the map overlays, the task of entering data 

into a computer at the Remote Sensing Applications Laboratory was 

initiated. Choosing the manner for data entry was important for 

this project, as it is for any project involving computer mapping. 

Three types of data entry were considered, photo digitizing with a 

video-digitizer/scanner (ordinarily used for digitizing 

photographs), arc/node digitizing, and ordinary string or 

'spaghetti' digitizing.

Photo digitization was initially considered as the method by 

which data would be entered into the computer. An optic's scanner 

or vidicon camera was to be employed which would, in essence, take a 

picture of a map and convert it into a matrix (640 by 480) of 

picture elements (pixels) each having a gray tone between 0 (black) 

and 255 (white). There were several problems associated with photo 

digitizing. Firstly, the scanner would pick up jagged line widths 

which meant that the digitized picture would have had to be 

carefully edited. Secondly, gray-tone shading markers were to be 

used to create a map of the different land uses. The major 

difficulty in implementing this digitizing approach was finding a 

suitable material on which to apply the gray tones. On mylar the 

marker tended to bead up, and on paper the marker would be absorbed
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more heavily on some portions than on others, thus causing the 

scanner to pick up different gray values from the same gray-tone 

marker. The scanner, therefore could only distinguish three or four 

gray tones out of the eight marker tones on the map. There would 

also be a problem in the registration of overlays. Maps would have 

to be placed in the exact same spot during digitization for 
acceptable accuracy.

The second method considered was the use of a digitizing table 

to enter X-Y coordinates in an arc/node topologic structure, later 

to be changed to raster representation. The basic arc/node 

topological elements of a polygon map, including arcs, nodes, and 

polygons (Figure 3), are all uniquely identified and 

cross-referenced to one another (Hallam, 1981, p. 3). The arc/node 

form of digitizing has several advantages: 1) coincidental arcs of

two different maps could be registered, 2) arcs shared by different 

polygons of the same map would not be duplicated, 3) polygons could 

be manipulated separately, 4) storage would be efficient, and 5) 

maps would be easily updated.

There were three important reasons why arc/node data-structure 

was not implemented for LUCGIS. First, digitizing in an arc/node 

mode would have taken a long time because each node, arc, and 

polygon must be entered and given a unique identifier. To do this, 

arcs and polygons would have had to be numbered on the maps. This 

would have taken a considerable amount of time since there are so
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FIGURE 3 

Arc/node Data Structure

42

76

NODE
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Source: Hallam, 1981.
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many arcs and polygons on the land-use maps. Second, the software 

for arc/node digitization was not available. Third, the arc/node 

method is often used when manipulations are performed using vector 

graphics. However, these maps would not be used or manipulated 

until they were changed into raster form. Had the project been 

directed toward the use of vector graphics instead of raster 

graphics, an arc/node data-structure would have been used.

The final method of data entry considered, and eventually 
chosen, was the so-called spaghetti method of data entry. The 

spaghetti method allows the user to simply record X-Y coordinates 

during the process of digitization. These X-Y coordinates were 

later changed to a grid cell representation in the rasterization 

process. Coordinates were digitized using a Numonics digitizer and 

a pre-existing digitizing program called NUMON. The best aspect of 

using the spagetti method was the time saved during the digitization 

process. All land-use maps were digitized within one week's time. 

The biggest problem with this type of digitizing was the inability 

to exactly register lines, which became evident when map files were 

overlayed.

After the land-use maps were digitized, a vector to raster 

conversion was implemented. The rasterizing of this information was 

necessary to use the Eyecom II Inage Processor equipped with Spatial 

Data Systems software and software developed specifically for this 

project. Rasterization was accomplished by using a pre-existing set
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of vector-based subroutines to write the vector information to the 

raster-based Eyecom terminal. Once the vector information was in 

the memory of the Eyecom terminal, the maps could then be saved and 

processed in a raster mode.

DIGITAL MAP CONSTRUCTION

After the rasterization process, it was necessary to perform a 

number of cosmetic and semi-automated steps to produce the gray-tone 

images that would be used in the land-use change analysis. Before 

polygons could be shaded, the digital land-use polygon maps had to 

be compared to insure that coincidental arcs matched exactly, pixel 

by pixel. To do this, each of the digital land-use polygon overlays 

was entered into one of the three picture planes on the Eyecom 

terminal. In positions where pixels were out of place compared to 

other overlays, the correct pixel was entered and the out-of-place 

pixels were erased using a 'paintbrush' program (PAN).

Polygons were then assigned gray tones according to the 
corresponding land-use category. A seed-polygon fill program called 

PFLL (Table 1) was used to assign gray tones to polygons. The user 

is prompted for the desired gray-tone value and then is asked to 

place the joystick cursor within the polygon. Shading proceeds from 

the seed-value outward until a boundary is reached. After all 

polygons were filled, a program that compared the two maps (ALCOMP, 

a program which was used later in the actual overlay process) was
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employed to find any areas on the maps that were still 

misregistered.

The final process in constructing these computer maps was the 

addition of map titles, legends, roads, north arrow, and scale. 

Actual comparisons (change maps) were made using map files without 

such ancillary information. The lettering was done with two 

different routines. The title was created by a program called 

NOTES, which produces a larger, bolder letter. The lettering in the 

legend was produced by SHSYM, that allows the user to choose.the 

gray-tone value, height, and angle of the letter. The very last 

element to be added to each map was the road overlay using a program 

called FLDP2 (Table 1 ). The road overlay was edited in raster mode 

to display only major thoroughfares because showing all roads 

created clutter and obscured the polygon boundaries.

SUMMARY

The methodolgy used in the formation of LUCGIS involved 

preparation of map overlays, data entry, and digital map 

construction. Creation of the LUCGIS data base used the most time 

in building this Geographic Information System. At this point, the 

map overlays were ready to overlay, make comparisons, and calculate 

areal statistics.
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Appendix E

Land Use Map (1976): comparisons with the 1976 Land Use Map
either the 1971 or 1981 Land Use Maps can also be made. 
Examples are seen in Appendices F and G.
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Appendix F

Single-family Residential Land Use Change Map (1971-1976): because
of the nature of growth in Omaha and the improved 
transportation in, and leading to, the study area, it was 
thought that most growth in single-family residential land use 
occurred between 1971 and 1976. However, in comparing the 
1971-1976 single-family residential change map to the 1976-1981 
single-family residential change map (Appendix G) it is evident 
that change occurred at roughly the same rate.
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Appendix G

Single-family Residential Land Use Change Map (1976-1981): used in
comparison to the 1971-1976 single-family change map.
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