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The population of southeast Florida has grown considerably since the 1940's. 

Managing this population growth has challenged urban planners and growth 

managers. Prior to 1970, geographers and cartographers struggled with mapping 

this area as the landscape underwent rapid transformation to accommodate millions 

of new residents. With the launch of the Landsat satellite series in 1972, digital 

satellite images of southeast Florida have been acquired every 18 days to provide 

geographers and cartographers with a new tool for monitoring land use change. 

This thesis examines the utility of using this new tool combined with historical 

aerial photographs to document land use change through time. 
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INTRODUCTION 

Since World War II, South Florida has experienced massive population 

growth (DeGrave 1984). Nation wide, 50 acres of prime farmland is being destroyed 

every hour of every day to accommodate growth demands (Williams 1997). Growth 

accommodation has become a major challenge for urban planners and growth 

managers across the country. 

Bouvier and Weller (1992) discussed in detail, the population growth 

characteristics of the state of Florida. In 1940, the population of the state reached 

two million. By 1950, three million people inhabited the state with an increase to six 

million in the 1960's. During the seventies, the population increased by three 

million citizens to nine million residents. The 1980's witnessed a 33% increase in the 

states population. By 1990, Florida was the fourth largest state in the U.S. with a 

population of 12,937,926. Amazingly, one out of every twenty people in the country 

lived in the state of Florida by 1990. Florida's land use has shifted as well. What 

once was an agricultural state, has now become metropolitan with 84.8% of its 

population living in urban areas with 75% of the existing development occurring 

after 1950. 



Currently, land use is changing at a rapid pace. In the same study, it was 

discovered that forty percent of the states land has been cleared to accommodate 

this growth. In the future, for a one person increase in the state population, one 

half acre of land will be cleared for residences, infrastructure, and shopping centers 

resulting in a 10% loss of natural areas. They argue the result of this land use 

conversion will be environmental degradation which may impair the tourism 

economy upon which the state heavily depends. 

The South Florida Regional Planning Council (1996) conducted a similar 

study on Southeast Florida defined as Palm Beach, Broward, and Dade Counties. In 

1940, the population in this portion of the state was 387,500 citizens. During the 

1960's, 1.5 million people resided within these three counties. In 1990, 4.1 million 

people were living in the tri-county area. The population of this area is projected to 

increase by 2 million people within the next 20 years. 

Bouvier and Weller (1992) reported that the Florida Department of 

Community Affairs is currently attempting to contain urban sprawl. The 

Department has composed a Land Development Plan which will result in a 20% 

reduction in per capita conversion of land affected with new population growth by 

mandating that all new growth occur in lands contiguous to existing urban areas. 

In 1994, the Governor's Commission for a Sustainable South Florida was created to 

develop ways to accommodate population as well as protect and reestablish the 

Everglades system. The catalyst for this process will be the Eastward Ho! program 

This program was initiated within the Governor's Commission and is intended to 

revitalize and redevelop the urban core within the tri-county area. How will this be 

evaluated? More importantly, how will growth be mapped and evaluated in the 

future? 
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Existing mapping methods do not adequately represent land use change for 

two reasons. First, historically, a limited number of land use categories were used. 

Second, many years pass between land use updates in one of the most rapidly 

changing regions in the nation. For example, U.S.G.S. topographic maps contain 

information about urban areas. However, they are not updated quickly enough to 

keep an accurate account of urban expansion and land use conversion and are 

based on data gathered as many as 20 years ago. For example, the Boca Raton, 

Florida topographic map was based on aerial photos from 1942. Planetable surveys 

then occurred in 1946. Revisions were then made again in 1961 but were ground 

truthed in 1962. The most recent map was photorevised in 1983. New areas of 

growth are illustrated as purple polygons (U.S.G.S. 1983). 

These purple areas may represent growth, but what kind of growth is this? 

Axe these new growth areas residential developments, business districts, or 

shopping centers? The year is now 1997. 14 years have passed since the last 

revisions. What has happened in Boca Raton since the last revisions? When will 

the next revisions be made? These are the weaknesses of topographic maps in 

mapping urban growth. 

Planning maps are also inadequate. Existing land use maps are outdated by 

the time they are printed. Future land use maps illustrate what the municipality is 

expected to look like in the future but if the existing map was created in 1990, and 

the future map is of 2000, what does the city actually look like today in 1997? 

Deerfield Beach Florida, located in northern Broward County, has within their 

comprehensive plan an existing land use map made in 1990 (Deerfield Beach 1989). 

An updated map was created in 1994. Four years passed where the existing land 

use map was increasingly inaccurate in depicting the land use pattern of the city. 
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Land use land cover maps are normally very highly detailed maps. They too 

can fall out of date quickly. For example, the Florida Atlantic University 

Department of Geography and Geology recently acquired the latest (1996) land use 

land cover map from the South Florida Water Management District. The previous 

map was of 1988. 

With growth occurring at the rate of more than one million persons per 

decade in southeast Florida, the tracking of this growth by mapping methods given 

above is inadequate. The above maps will always be out of date and what 

information they provide will be incomplete as in the topographic map example 

provided above. Maps produced from remotely sensed imagery may be the answer 

to some of the problems with conventional mapping methods. 

Satellite images and aerial photographs provide the user with a snapshot of 

time. In other words, they depict how the land existed at one instant in time. 

Rather than mapping features as strictly urban, or forest, remotely sensed images 

can provide information such as tree species, and different phases of residential 

development. 

Remotely sensed data sources have been largely untapped. Aerial 

photography can be found from the late 1930's and early 1940's. Satellite imagery 

began to be acquired back in 1973. Unfortunately, most of these photos and images 

have scarcely been used or even seen. These resources can be invaluable to 

planning applications for many reasons. First, aerial photos and satellite images are 

snapshots in time. They depict how a portion of the earth existed at one instant in 

time. Also, unlike topographic maps which show generally where growth has 

occurred, images and photos can depict what type of growth has developed, as well 

as the stage of transition of the land parcel. 
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Satellites are improving in terms of their spatial resolution and repeat 

coverage time. Spatial resolution refers to the land area covered by each pixel of a 

satellite image. For exa~ple, a spatial resolution of 80 meters indicates that each 

pixel covers an 80 meter by 80 meter area on the earth's surface. Commercial 

satellites will soon be launched which will provide one meter resolution imagery and 

an increased repeat coverage time. Currently, Landsat satellites cover the same 

point on the surface of the earth every 18 days (Campbell 1987). This means that 

every 18 days, an image of Boca Raton Florida is available for analysis. With 

complete global coverage every 18 days, urban growth and change can be traced 

extremely well eliminating long gaps between data sets. 

How can satellite imagery be used to track growth? Two techniques are 

commonly used. First are the simple change detection methods. For example, 

simple image differencing can be used on normalized data where an image from 

1995 is subtracted from an image of the same area from 1993. On the resulting 

image, negative values indicate a negative change and positive values indicate a 

positive change. 

Time series analysis is another technique commonly used to detect change. 

Time series analysis uses multiple images dates and detects change from date to 

date. Analyzing change in this manner provides the analyst with trends of change. 

When imagery is gathered at five year intervals, reports can be generated which 

state the amount of growth per interval of time rather than a general statement 

about growth. 

Information such as this can be very important to urban planners. 

Understanding the history of a land parcel can help planners to better understand 

which areas are suitable to different types of land use. Environmental impact 
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analyses must be conducted for some new major developments. This process 

includes an examination of the environmental history of the parcel of land to be 

developed. Growth can be monitored every 18 days by satellite. Using satellite 

imagery also creates a historical database. As imagery is collected, these images can 

be used in time series analysis to track the history of land parcels in a city. 

The objective of this thesis is to evaluate the potential of time series analysis 

for constructing a metropolitan land use change database for southeast Florida. 

The goal of this work is not to create the database but to evaluate the potential of 

such a database for use in reconstructing the environmental history of land parcels 

within any given city. This research conducts a post classification comparison of 

Landsat multispectral scanner imagery encompassing a time frame from 1973 to 

1988. Historical aerial photographs will be used for ground truthing and error 

assessment. 

The organization of the thesis is as follows. Chapter Two contains a review 

of the current remote sensing and growth management literature that deal with 

the issues of remote sensing for urban applications, and the issues of growth 

management in general. Chapter Three presents the methodology applied in this 

research and Chapter Four contains the data analysis and discussion of errors 

encountered in the image classification process. Finally Chapter Five presents the 

conclusions drawn from the analysis. 
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LITERATURE REVIEW 

Introduction 

Since the end ofWorld War II, the State of Florida has been experiencing 

rapid population growth. More specifically, this growth has concentrated mostly in 

Southeast Florida within Broward, Dade, and Palm Beach Counties. In a study 

conducted by the South Florida Regional Planning Council (1996), it was reported 

that 387,500 residents were living in Palm Beach, Broward, and Dade Counties. By 

1960, the tri-county area contained 1.5 million residents which jumped to 4.1 million 

in 1990. This rapid population increase has yet to end. Within the next 20 years, 

the area will accommodate two million new residents Since 1976, in-migration has 

continued to contribute to environmental problems as well as placing strain on the 

existing infrastructure (DeGrave 1984). Throughout a twenty year period 

including the 1960's and 1970's, this massive growth was accommodated by simply 

expanding urban development westward to the Everglades. Recent interest in 

protecting South Floridas natural environment while accommodating economic and 

urban growth has been the impetus for a new movement. This movement - while 

not easily defined - has been referred to as Growth Management. 
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Growth Management can be thought of as a process of planning which 

contributes to the creation of a "balance" between the natural environment and the 

urban, economic, and retail growth brought on by population increases (Degrave 

and Miness 1992). This "balance" is not easily defined or implemented nor is its 

success easily evaluated. To gain a better understanding of the concepts and basic 

contents of what a Growth Management system may include, it is necessary to 

examine some attempts at Growth Management which were implemented in South 

Florida. 

The History Of Growth Management In Florida 

Perhaps the underlying concept of growth management in Florida is to find a 

way to accommodate large numbers of people while still managing to protect the 

states natural resources (DeGrave and Miness 1992). However, the driving force 

behind the start of growth management was the severe drought that the state 

experienced in the early seventies (DeGrave and Miness 1992). The drought of the 

seventies, as well as the desire to promote growth and protect the natural 

environment led to a major effort in the eighties to revise the urban planning 

system (DeGrave and Miness 1992). In 1985, the Florida State Legislature passed 

the 1985 Omnibus Growth Management Act which basically required all local 

municipalities to create local comprehensive plans which were to be consistent with 

the regional comprehensive plan (DeGrave and Miness 1992). The consistency 

requirement would provide uniformity to growth management and comprehensive 

planning. The consistency issue in essence gave the power of growth management 

to the state. This was accomplished by empowering the state to revise or even 

rewrite a local comprehensive plan if the plan continuously failed to meet the 
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designated consistency requirements (DeGrave and Miness 1992). Clearly, the Act 

was a landmark piece of legislature. But its importance can be better understood by 

examining a case of pre-growth management local growth control. 

Another aspect of the 1985 Act was the concurrency requirement. 

Concurrency requires that before any new development can occur, all of the 

necessary infrastructure must be in place. A quote of the time was "build the roads 

and they will come" (Governor's Commission for a Sustainable South Florida 1995). 

Unfortunately, the concurrency requirement was difficult to meet 100% of the time 

due to financial struggles for local municipalities coupled with little state or regional 

funding. 

The concurrency requirement also opened the door to urban sprawl. If the 

roads and other infrastructure requirements were met, then new cities and towns 

could develop miles away from the major employment centers. This has a tendency 

to cause heavy use of automobiles which results in traffic jams, environmental 

degradation, and many other negative side effects (South Florida Regional Planning 

Council1996). 

In 1972, the citizens of the City of Boca Raton Florida implemented a "cap" on 

growth which would limit the number of new residential units to forty thousand 

(York 1986). Side effects of this measure were numerous but perhaps the most 

profound were the increase of housing prices, and the decrease in housing density 

(York 1986). Now, the obvious question is: What effect, if any, did the cap have on 

growth?. The cap did slow growth because the amount of building activity slowed 

down to meet the forty thousand unit cap, and the increase in housing prices caused 

potential residents to seek residence elsewhere (York 1986). While it seems that 

this method of growth management may have worked, it is important to note that 
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the growth cap was determined by the courts to be unconstitutional (York 1986). 

With growth cap methods such as Boca Ratons, the importance of consistency 

between state, regional, and local plans is clear. However, while the growth cap 

seems to have worked for Boca Raton, the neighboring communities were not 

considered. The limit on housing in Boca Raton may have caused the neighboring 

city of Delray Beach--bordering Boca Raton to the north--to accommodate some of 

the potential residents who did not fit under the growth cap. Thus, the need to plan 

while considering regional impacts brought about two other methods of growth 

control. They are Developments of Regional Impact, and Areas of Critical State 

Concern. 

Areas of Critical State Concern can be defined as "geographical areas with 

special environmental, historical, archeological, and other significance of regional or 

state importance" (DeGrave 1984). Three Areas of Critical State Concern in the 

state of Florida are Big Cypress, Green Swamp, and the Florida Keys (DeGrave 

1984). Of the three, Big Cypress and the Florida Keys both exist in South Florida. 

To become an area of critical state concern, the area in question must be: 

An area containing, or having a significant impact upon, 
environmental, historical, natural, or archeological resources of 
regional or statewide importance. 
An area significantly affected by, or having a significant effect upon, 
an existing or proposed major public facility or other area of major 
public investment. 

A proposed area of major development potential, which may include a 
proposed site of a new community, designated in a state land 
development plan (Florida Statute 380.05). 

Development of Regional Impact has to do with large housing developments, 

airports, power plants, and shopping centers which "Because of their character, 

magnitude, or location, would have a substantial effect upon the health, safety, or 
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welfare of citizens of more than one county" (DeGrave 1984). This is where the 

idea of thinking on a regional basis is emphasized. The process of designating a 

proposed development as a Development of Regional Impact is extremely 

complicated. However, simply stated, a local government evaluates a proposed 

project to see whether it has negative impacts on the environment, economy, 

natural resources, availability of adequate housing, or energy use (Florida Statutes 

380.05). The proposed development is then examined for consistency with the state 

and regional comprehensive plans (Florida Statutes 380.05). 

Evaluation of these two growth management tools is difficult. While there 

are few definite answers regarding the success of the tools, there are various 

remarks and insightful comments which can be used by the analyst to form an 

opinion. For example, municipalities in South Florida are numerous and the degree 

to which each participates in growth management programs varies from place to 

place (DeGrave 1984). Another interesting note is that while the emphasis of the 

two programs mentioned above is statewide, state laws do not cover a significant 

portion of all development and the development process (DeGrave 1984). In terms 

of the Areas of Critical State Concern, while some feel that the program was a 

success, others felt that it was not. For the failure advocates, a supporting 

argument was that the designation of any area as an Area of Critical State Concern 

was a political showcase and because of this, decision makers were extremely 

careful in officially designating an area as such (DeGrave 1984). If the Areas of 

Critical State Concern is to be deemed unsuccessful, then perhaps the best 

argument for this would be that the state acted passively on the designation of 

areas as critical which drove the program to "atrophy" (DeGrave 1984). 
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Developments of Regional Impact must be examined separately even though 

they were presented together in the same piece of legislation. Proponents of 

Developments of Regional Impact (DRI) feel that it could be an important tool for 

local governments to manage growth (DeGrave 1984). While there is a definite lack 

of hard data on success or failure of the DRI process, it is felt by many participants 

that development projects emerging from DRI oversight are well planned and are of 

higher quality (DeGrave 1984). 

The above two growth management techniques may not have been as 

successful as desired. The South Florida Regional Planning Council (1996) reported 

that about one half of the area originally occupied by the Everglades has been 

consumed by agricultural and residential land uses. This fact is the impetus for the 

Eastward Ho! movement of today which will be discussed in the next section. 

Recent Growth Management Trends in South Florida 

In the early spring of 1994, Florida Governor Lawton Chiles signed 

Executive Order 94-95 which created the Governor's Commission for a Sustainable 

South Florida. The main objective of this commission is to rebuild and reestablish 

the Everglades ecosystem while accommodating the future population growth 

demands of the state (The Governor's Commission for a Sustainable South Florida 

1995). 

The Commission Report (1995) states that the Commission consists of a 42 

member panel. Of the members of this panel, 37 are registered voters representing 

local businesses, educational system leaders, as well as environmental activists. the 

remaining five members represent the United States Army Corps of Engineers, the 
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National Oceanic and Atmospheric Administration, the Environmental Protection 

Agency, and the South Florida Ecosystem Restoration Task Force. 

The Commission's main goal is to provide citizens of South Florida with a 

"sustainable" environment. According to the Commission's Re:port (1995), 

"sustainability" is defined as: 

... meeting the needs of the present without 
compromising the ability of future generations to meet 
their own needs. 

Of primary concern to the Commission, is protection and re-establishment of the 

Everglades ecosystem. According to the report, the ecosystem had existed for 

thousands of years without alteration but, within the last 100 years over one half of 

the Everglades system has been consumed by agricultural and residential land uses. 

The primary reason for this phenomenon is urban sprawl which can be defined as: 

... a development pattern characterized by scattered, 
decentralized, low density development that is not 
functionally related to adjacent land uses. 

New urbanized and agricultural areas have overtaken land once occupied by the 

Everglades ecosystem. This has caused numerous environmental problems. Some 

of the largest concerns due to this westward urban expansion are higher water 

consumption rates, degradation of the reef in Florida Bay, and for tourist reasons, a 

lack of sense of place. Sense of place will be lost because the area will look the 

same everywhere one looks. For example, rather than seeing natural Florida, the 

urban jungle will be the only part of Florida any visitors or residents see. 

While the concurrency requirement was intended to combat this urban 

sprawl, the reverse effect has occurred. Instead, the concurrency requirement has 
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in fact "paved the way'' for urban sprawl. This event has lead to the creation of the 

Eastward Ho! initiative. 

The Eastward Ho! initiative was created out of the Governor's Commission 

for a Sustainable South Florida. According to the South Florida Regional Planning 

Council's report "Eastward Ho!: Revitalizing South Florida's Urban Core (1996), the 

urban core of Palm Beach, Broward, and Dade Counties will be revitalized through 

methods of infill and redevelopment. The study area as defined by the report will 

cover all lands east of U.S. Highway 1, and west to the Palmetto Expressway, the 

Florida Turnpike, and Route 441. The overall goal of this initiative will be to create 

sustainable communities in the southeast region of Florida. Resource needs of the 

present will be met without adversely affecting the ability of future generations to 

meet their own resource needs. 

Evaluating Growth Management With Maps 

The last statement above sets the stage for the topic of growth management 

evaluation. This statement refers to the lack of concrete data by which an 

evaluation of the growth management tools can be derived. Perhaps one method of 

evaluation is to simply rely on the accounts of participants (DeGrave 1984). This 

method however, introduces opinion and bias. Evaluation of growth management 

and its tools may require more than a simple verbal account of the past. This 

evaluation may require a certain visualization of history. Maps can portray the past. 

More importantly, remotely sensed images of the earth can literally provide the 

analyst with a visual account of history. 
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The History of Mapping Urban Growth 

Most geographers will agree that the map is the geographers tool. Maps are 

powerful tools. My review of the history of mapping urban growth draws primarily 

form the works of Rhind and Hudsen (1980) who suggest that the dominating 

reason for the use of maps for any application is the fact that they can contain large 

amounts of information and yet are inexpensive and easily obtained. Furthermore, 

when used for analysis over time, topographic maps are the largest detailed source 

of geographic information of the past. Maps of growth and land use date back many 

years but for the purpose of this research, only the recent past will be discussed. 

Rhind and Hudsen (1980) also report that in the 1960's, a survey of England 

and Wales was initiated and while using over three thousand surveyors it took eight 

years to complete a map of England and ten years to complete the map for Wales. 

The result of this effort was an extensive archive of land use maps to be maintained 

in London. Also discussed was the European project where the state of Wisconsin 

was mapped in 1928 in a project called The Wisconsin Land Economic Inventory of 

1928. All existing land cover of the state was mapped with the exception of 

Milwaukee County. The process involved workers walking across the state at a 

distance of one-eighth of a mile apart (one-fourth of a mile apart in sparse areas) 

and mapping the land cover while they kept track of distance by pacing. The final 

maps were produced at a scale of one inch equal to one mile. 

Mapping projects of this nature were extremely time consuming. By the 

time the actual map was produced, it was already out of date in most instances. For 

example, the mapping project of England and Wales in the 1960's took as long as ten 

years to complete. When the final maps were produced, the British government 

refused to publish them because they felt the maps were already inadequate and 
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out of date. However, with the advances in technology, including the use of 

remotely sensed imagery, the mapping process has become more efficient. For 

instance, in 1977 and 1978, land use maps of England were produced from aerial 

photographs obtained from 1969. While the photography was historical, the 

mapping process was easier and maps at a scale of one to fifty-thousand were 

produced depicting five categories ofland use in 1969. Comparably, in the United 

States from 1975 to 1982, the use of metropolitan land use maps was combined with 

aerial photography to produce updated land use maps at a scale of one to one 

hundred and twenty five-thousand. While these methods of mapping may be more 

efficient than those used in the past, the final maps are still out of date upon 

printing. 

Rhind and Hudsen (1980) also discuss that as the use of aerial photography 

facilitated the mapping process, higher quality maps were desired more frequently. 

This was the impetus for the launch of the Landsat series of satellites which would 

provide multi-spectral data repetitively on a global basis. Some of the advantages of 

using remote sensing over other methods are consistency of data collection and a 

reduction in the number of workers needed to interpret the data and create maps. 

Remotely sensed imagery is now used commonly to provide a "birds eye" view of 

urban areas and urban expansion. 

Remotely Sensed Imagery For Urban Applications 

Remotely sensed imagery enables the urban analyst to observe many aspects 

of the urban environment quickly and accurately. The work of Tunnard and 

Pushkarev (1963) are the central source for this review. Their work depicts the 

central business district of Philadelphia, Pennsylvania from a low oblique 
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perspective where cultural manipulation of the land can even be seen. Remotely 

sensed imagery also allows for a critique of planning practices. Visible in another 

photo is a large residential area in New Jersey where interior park strips can be 

seen along with industrial parks, and manufacturing plants surrounded by lush 

green lawns. An example of cultural intervention with the land is given in yet 

another photo where visible are upland forests, agricultural areas, residential and 

recreational areas, and finally, a two-lane highway which cuts through the 

landscape. 

The previous photos illustrate urban views from a local scale. Remotely 

sensed imagery can also be used in regional studies of urban areas through the use 

of satellite imagery, and high level aerial photograph. Another photo depicts a high 

level aerial photograph of the greater New York City area showing the urban 

expansion away from the core of the city. More importantly, this photo shows 

urban growth patterns in Long Island and even Southern Connecticut. 

During the past few decades, the technique of mapping urban areas has 

quickly evolved from hand drawn maps to the use of remotely sensed imagery. It 

only seems natural that the two methods be integrated to produce one historical 

account of an urban areas expansion. This is now in progress in the 

Baltimore/Washington area in Maryland. 

Urban Temporal Mapping of the Baltimore and Washington Area 

Currently, the United States Geological Survey (USGS) in cooperation with 

the University of Maryland Baltimore County (UMBC) is developing a temporal 

geographic information system (GIS) which will store urban land use information 

covering a study period of about two hundred years. Buchannan and Acevedo 
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(1996) in conjunction with the U.S.G.S. (1996) state that the main reason for the 

research is to study the effect of urban expansion on global change. This urban 

expansion is causing physical, biological, chemical, and hydrologic changes to the 

surface of the earth. Researchers also hope to use this two hundred year historical 

record to predict urban expansion on a regional basis. The study of the Baltimore 

and Washington area is a small part of the USGS Human-Induced Land 

Transformations Project (HILT). 

The above research also states that because of the length of the study period, 

the variety of historical information is wide. The temporal database will be built 

from an integration of remotely sensed imagery, historical cartographic 

interpretations, and existing GIS layers. Other information that is being used in the 

creation of the database is derived from Digital Line Graphs and U.S. Census data, 

and hydrography. 

The role of GIS in the study will be to capture, store, retrieve, integrate, and 

georeference the varied information. For example, the satellite images used in the 

study will be georeferenced so each pixel on each image represents the same 

coordinates. The GIS will allow preparation of the data for computer animation and 

the illustration of change in urban expanse over time. 

Topographic maps will be the primary source of data for the study because 

such maps exist into the eighteenth century. This has introduced new problems, 

however, such as the interpretation of tint, street density, and building locations. 

However, for 1972 to the present, Landsat satellite imagery can be used which 

eliminates these problems. Researchers have employed such imagery and have 

resampled it to a 30 meter resolution where it was then classified using 

unsupervised and maximum likelihood classification methods. Resampling deals 
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with inconsistencies between two images to make them more comparable. These 

two methods have enabled researchers to divide urban form into categories such as 

concrete, asphalt, buildings, roads, and residential areas. 

To illustrate the changes over the last two hundred years the spatially 

referenced data can be animated. Thus we could display images, each of which 

represents one moment in time, one after another simulating actual urban growth 

and development. This animation of the change over time is extremely important 

because it helps us visualize the change or see dynamically. The dynamic 

illustration of the growth of transportation routes also promotes the realization that 

transportation improvements have an effect on urbanization. Perhaps the most 

important discovery in this research is the overwhelming amount of information 

that can be gathered and integrated to produce a temporal database. 

Temporal Studies and Time Series Analysis 

Temporal studies generally are synonymous with what is referred to in 

remote sensing as time series analysis. In this thesis, time series analysis will be 

discussed from a digital satellite image viewpoint. Studying the surface of the earth 

over time requires multiple satellite images. The question proposed here is one of 

identifying change from one image to the next. There are various ways of 

accomplishing this task. These change detection methods can be placed into two 

groups based on the number of images, or dates, being compared. As studied by 

Eastman and McKendry (1991), pairwise comparison consists of a set of change 

detection methods employed when comparing only two images. These will be 

discussed in the following section. 
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The first of the pairwise change detection methods, and perhaps the most 

simple, is the image differencing technique. Image differencing simply subtracts 

brightness values of one image from that of another. For example, when 

comparing images from different dates, the second or most recent image can be 

subtracted from the first date to identify pixels where a certain phenomenon has 

changed. Each pixel on the second image is subtracted from its corresponding pixels 

on the first image. Resulting pixels with a negative value indicate the decline of a 

certain phenomenon while a positive value indicates an increase. Values of zero 

indicate no change. 

The next method of pairwise comparison is the image ratioing technique. 

With this technique, one image is divided into the other to produce a ratio which can 

be used to detect relative change. For example, image differencing may produce a 

brightness value of positive five which represents that pixels reflectance value on a 

given scale. This positive five indicates a gain in vegetation but when the increase is 

from a brightness value of five on the first image to ten on the second, it does not 

have the same meaning as when the increase is from a 100 on the first image to a 

105 on the second. The image ratioing method allows brightness values to be more 

heavily weighted the closer they are to zero thus comparing the two images in a 

relative sense. 

Third, a method of image regression can also be used to detect change 

between two images. When there is reason to believe that the images are 

manipulated or affected in some way by atmospheric haze, or sensor miscalibration, 

image regression can be used to create a new second image based on the 

assumption that the second image is really just a function of the first. This produces 

a predicted image which can by differenced or ratioed to the first to identify change. 
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Stated simply, the pairwise comparison technique, change vector analysis, is 

a method of change detection where not only the amount of change is detected but 

the direction of change is sensed as well. The user can define a threshold to 

separate normal change from actual true change. Normal change might result 

from seasonal differences where true change would indicate that there was an 

increase or decrease in some phenomenon. 

The last of the pairwise methods of change detection is crossclassification. 

Unlike the previous methods which were geared for quantitative analysis, 

crossclassi.fication detects change by comparing qualitative data. Two classified 

images are compared to determine if all pixels classified on one image fall into the 

same class as pixels from the second date. Pixels of change can be given a value of 

one whereas pixels of no change can be assigned a value of zero. 

Many temporal studies contain more than two images to be compared. 

Change detection methods of this sort are commonly called multiple image 

comparison techniques. There are four of these techniques, the first of which is 

image deviation. This method assumes that any change among all dates can be 

determined from subtracting brightness values from any image to an averaged 

image which represents the averaged pixel brightness values over all dates in a 

similar manner as in image differencing. 

The next technique is again change vector analysis. This technique is listed 

twice because it can be used for pairwise or multi-image analysis. As stated before, 

change detection as well as direction of change can be observed through use of this 

method. 

Another multiple image comparison method is that of time sequencing and 

profiling. Simply, time sequencing quickly displays one image in the data set after 
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another to produce a crude animation of qualitative change over time. Time 

profiling consists of the digitizing and extraction of certain sites on images which are 

registered to one another and set to a map projection. This allows evaluation of 

their change over time thus producing a brightness value profile of the digitized 

areas over time. 

The final multiple image comparison technique is principal components 

analysis. This is a statistical method which allows one to break down the variation 

from all of the images as a whole into a series of components where the change of 

interest occurs in the minor components which explain the smallest amount of 

variation. This allows for change to be examined in an order of significance. 

All of the above techniques have greater applicability in certain scenarios. 

While some are proficient with vegetation data on relatively small study areas, 

others are better suited to soil surveys on a regional level. 

Since much of the remote sensing literature discusses urban change 

detection with the use of Landsat Multispectral Scanner imagery, the satellite 

system should be discussed first. 

Landsat Satellite System 

There are many satellite platforms presently in use. The following section is 

based on the work of Campbell (1987) who thoroughly discusses the Landsat series 

which is implemented for this study. Each Landsat satellite system has a slightly 

different sensor configuration. For example, one satellite may use the first three 

sensors to collect data on a panchromatic scale while the next four acquire 

information from the visible wavelengths. 
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The first Landsat satellite launched in 1972 was called ERTS-1 but was later 

changed to Landsat-1. Landsat-2 was launched in 1975 and remained in operation 

until1983 while Landsat-1 only operated until1978. Both Landsat's-1 and 2 

collected data through the use of two different sensors. Sensors one, two, and 

three operated the Return Beam Vidicon (RBV) which collected data in the green, 

red, and near infrared wavelengths while sensors four through seven operated the 

Multispectral Scanner (MSS) which collected data in the green, red, near infrared, 

and another near infrared. Two different near infrared bands are listed because 

the infrared portion of the spectrum is divided where the first two portions are 

called near infrared. 

Landsat-3, launched in 1978 and retired in 1983, also collected data with the 

RBV and the MSS sensor. Sensors one, two, and three collected data on a 

panchromatic scale while bands four through 8 collected data in the green, red, near 

infrared, near infrared, and far infrared wavelengths respectively. The above 

satellites orbited the earth in a sun-synchronous orbit every 103 minutes and 

completed 14 orbits per day. These satellites also provided repetitive coverage of 

any given location every 18 days. 

Landsat-4, launched in 1982, and Landsat-5, launched in 1984, are still in 

operation. Both satellites contained the MSS sensors however, they discontinued 

the RBV sensors in favor of a new sensor called the Thematic Mapper (TM). Thus 

the sensor configuration was changed to include seven TM sensors collecting data in 

the blue-green, green, red, near infrared, middle infrared, far infrared, and near 

infrared. Following the TM sensors are the MSS sensors which again collect data in 

the green, red, near infrared, and near infrared wavelengths. Landsat-6 was lost in 

orbit. Landsat-7 is scheduled for a 1997 launch. 
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Because most urban studies cover a large area, it is necessary to make sure 

that a given scene obtained from a satellite covers the entire study area. MSS 

imagery lends itself to this type of regional study. This satellite system is the topic 

of the next section of this chapter. 

Multispectral Scanner Imagery 

As discussed by Campbell (1987), MSS imagery was available with the launch 

of Landsat 1. Any given MSS scene covers a ground area of about 185km in the 

east-west direction, and approximately 170km in the north-south direction. The 

satellite moves in a forward direction as a function of its orbit, and the scanner 

sweeps the earths surface in a west-east direction. Each pixel on the image 

represents a ground area approximately 79 meters in the east-west direction by 56 

meters in the north-south direction. Since the sensor collects data in four different 

bands, a typical MSS scene contains one image for each band. Each image consists 

of 2,400 rows of pixels with 3,240 pixels in each row. Considering the size of the 

image and the ground area that it covers, one image can cover a large study area 

such as from the northern border of Palm Beach County Florida, south to Florida 

Bay and west almost to the Gulf Coast of the state. 

Urban Change Detection Applications: An Analysis of Previous Works 

There have been many urban studies which have incorporated the use of 

remotely sensed imagery. More specifically, satellite imagery has been used. There 

are several advantages to using satellite imagery over aerial photography in urban 

studies which as defined by Freidman and Angelici (1979) include a large aerial 

coverage, frequent data collection and facilitated map updating. 
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Freidman and Angelici (1979) used Landsat imagery to evaluate urban 

expansion. The process of analysis was complex in this study. One important task 

was the image registration which included the registration of one image to another. 

This is important because when examining the image for change, individual pixels 

are evaluated. Because of the precise comparison, the analyst needs to be sure that 

the pixels on each image are covering the same geographic area. 

Change detection techniques were used to identify new urban areas on the 

second date. Both image ratioing and principal components analysis operations 

were performed. It was discovered that image ratioing would not be adequate for 

urban studies due to the inability of the ratio process to distinguish between 

saturated soils and urban features. Principal components analysis was determined 

to be the optimal method of urban analysis where the first eigenvector contained 

interference between land and water while the second eigenvector was determined 

to contain the urban information. 

The final step in their analysis was to identify the threshold between urban 

and non-urban features on the images and to reclass the images to a binary scheme 

of either urban or non-urban. Image differencing was then performed to identify 

the changed areas over time. 

Richardson and Blakly (1986) conducted another urban study on the 

detection of new urban built-up land in McAlester and Ardmore, Oklahoma. Three 

Landsat Multispectral Scanner images were used to conduct principal components 

analyses, image ratioing, and color compositing to determine where the new and old 

urban areas existed. An area would be defined as urban if it consisted of, 

"concentrated groupings of buildings and appropriate landscaping associated with 

residential, commercial, or industrial development". 
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The first method of change detection used was the Crapper and Byrnes 

method which employs principal components analysis of an overlay of two four band 

images. Each image contained four bands which were composited into one single 

image. This process was followed for each date. The two images were then 

overlayed. Following the overlay was the application of principal components 

analysis. It was determined that principal component one represented areas where 

no change occurred between the two dates. Principal components two and three 

represented areas of change between the two dates. Another method of principal 

components analysis was performed called the Karhunen- Loeve technique which 

incorporated all three images into the process. Under this procedure, principal 

components one, two, and three all held information pertaining to old urban, water, 

and new urban. 

Another change detection method attempted in this study was a color 

com positing change detection method in which band five of each date was added to 

a primary color gun of the image processor. For example, band 5 from the 1978 

image was placed in the red color gun, band 5 from the 1982 image was placed in 

the green color gun, and finally, the blue gun was assigned to band five from the 

1984 image. All three of these images were then combined to produce a final 

composite image. The following color scheme was then applied to the composite 

image. Pixels colored red were assumed to be probable new urban. Areas shaded 

yellow were determined to be possible new urban while old urban areas were 

shaded black. Purple areas were defined as residential, and gray areas resulted in 

open space. 

The above methods all provide adequate means to identify areas on the 

earths surface in which the land use has changed. However, as in any remote 
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sensing application, there must be a method of testing the accuracy of the change 

detection method being employed. Martin (1989) studied accuracy assessment of 

rural fringe change detection methods and has touched on a number of issues 

involved in urban change detection methods. Martin discovered in an evaluation of 

separate image comparisons that higher levels of accuracy were obtained compared 

to other methods such as multiple image compositing, supervised classification, and 

principal components analysis. 
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METHODOLOGY 

Objective 

The goal of this research is to evaluate post-classification comparison of time 

series analysis for historical land information systems and their application for 

monitoring urban expansion and land use change over time. The study will span 

from 1973 to 1978 and will focus on eastern Palm Beach and Northern Broward 

Counties. The amount of land acquired for urban land use through the time period 

and the amount of agricultural land, non-forested vegetated areas, and forested 

area lost due to this urbanization will be quantified. An in-depth analysis of 

problems encountered during the analysis is presented. 

Study Area 

The study area for this research is bounded to the north by Riviera Beach, 

Florida, and to the south by northern Fort Lauderdale. Bounding the study area to 

the east is the Atlantic Ocean while the western edge of the study area is the 

Loxahatchee National Wildlife Refuge. It is important to note, however, that 

portions of both the Atlantic Ocean and Loxahatchee National Wildlife Refuge were 

included in the classification, sampling, and ground truth processes. 
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Data Sources 

The primary data source for this research are three digital Landsat 

Multispectral Scanner (MSS) satellite images. The band and sensor configuration 

varies among the various Landsat satellites. For example, Landsat I contains seven 

sensors. Sensors one, two, and three are Return Beam Vidicon sensors where 

sensors four through seven were Multispectral Scanner sensors. Landsat III 

contained only one RBV sensor but five MSS sensors. 

Image one used in this research was acquired March 22, 1973 from Landsat I 

with a spatial resolution of 80 meters by 80 meters. The bands to be examined are 

from sensors four, five, six, and seven which sense reflected light in the green, red, 

near infrared, and near infrared wavelengths. Image two was acquired by Landsat 

II March 23, 1978. This image is also an MSS scene which consists of the same band 

and sensor configuration as Image one. Again, the spatial resolution is 80 meters by 

80 meters. Image three, acquired by Landsat V March 15, 1988 with a spatial 

resolution of 80 meters by 80 meters is also an MSS scene. The band and sensor 

configuration of Landsat V consists of MSS sensors one through four covering the 

green, red, near infrared, and near infrared wavelengths respectively. 

The infrared portion of the spectrum is almost 40 times larger than the 

visible portion according to Campbell (1987). The portion of the near infrared 

spectrum closest to the visible spectrum has been divided into two groups which are 

both called near infrared. The second near infrared band is used in this research. 

Both near infrared bands were inspected. The second band, however, provided 

more detail of ground features than did the first. 
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Image Compositing and Subsetting 

Each satellite image scene covers an area much larger than the study area. 

Therefore, a subset of the entire scene consisting only of the study area is created 

to reduce the size of the image. This facilitates data management and reduces 

processing time. A subset is taken for each band oi data and is then used in an 

image compositing process which in essence combines the three bands together to 

produce one final image. This is done for two reasons. First, each band contains 

more detail than the others for certain features on the earths surface. For 

example, the green band provides the user with excellent water detail while the 

infrared band provides much vegetation information. Thus, by creating a composite 

image, the highest amount of information is available all in one image. Second, 

when a false color composite is created, the resulting image resembles that of a 

color infrared photograph. By employing the concepts of color theory, one can 

easily obtain some idea about features on the ground through visual methods alone. 

Image Classification 

The minimum distance supervised image classification method is employed in 

this research. For this study, training fields are selected in order to match pixels 

into six classes. They are; urban, water, non-forested vegetation, agricultural land, 

forest, and golf courses. A training field is a polygon which is digitized on the false 

color composite image. This polygon usually contains at least thirty homogeneous 

pixels representing one land use class. This training field is used to train the 

computer program to classify similar pixels on the image as the same land use type. 

There may be more than one training field per class. For example, urban features 

may have more than one spectral signature. In this instance, training fields may be 
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taken for each signature. In this study, broad training fields will be taken due to 

the broad classes. IDRISI raster GIS software will be used for image classification. 

This research will use raw data values for image classification but will not 

specify a maximum value thus allowing all pixels to be classified. This process of 

training field selection and classification algorithms will be applied to each satellite 

image. The number of training fields may vary from image to image due to 

differences in spectral information resident in the data sets . For example, image 

one may contain five urban training fields each made of unique brightness values 

while image two only contains two training fields defining urban pixels. 

After completion of the algorithm, from the final classified image, a 

predetermined ground truth area is subsetted. This area will remain constant 

throughout the study for each of the three images. The images will then be density 

sliced to allow distinction between classes visually. Density slicing as defined by 

Jensen (1986) is: 

The process of converting the continuous gray tone of 
an image into a series of density intervals, or slices, 
each corresponding to a specific digital range. 

Upon completion, the images are ready for ground truthing. 

Ground Truthing 

Because the entire study is quite large, only a portion will be covered for 

ground truth. Southern Boca Raton in Palm Beach County. and northern Deerfield 

Beach in Broward County will be used as the ground truth area. The primary 

reason for the selection of these areas for ground truthing lies in the large amount 

of ancillary data available for use in the ground truth process. 
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Materials used for ground truthing will include a combination of aerial 

photograph indices from 1964, 1968, and 1980 as well as Real Eastate Ready Maps 

covering 197 4 and 1978. Digital false color composites for each study date will also 

be used. 

Seventy five sample points will be ground truthed for each study date. 

Normally, the number of sample points used is a function of overall correctness and 

allowable error which usually sums to 208 points (Luman 1992). However, these 

calculations are based on ground truthing the entire study area which is not the 

case in this research. Therefore, because the area to be ground truthed is roughly 

one third the size of the entire study area, just over one third of 208, or 75, points 

will be sampled. 

Before ground truthing can begin, sample points must be selected. The 

method of sampling employed for this research is the stratified random sampling 

method. Under this method, the entire satellite image is divided into rectangular 

cells within which sample points are chosen (Eastman 1992). 

The ground truth process begins by obtaining the X and Y coordinate for 

each sample point as well as its class designation determined by the classified image. 

Each point is then identified on the photo indices or ready maps and its land cover 

recorded. The point is also identified on the false color composite image. Through 

methods of color theory, it is possible to gain a rough understanding of features on 

the ground. All sample point results are then tallied and prepared for accuracy 

assessment. 
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Accuracy Assessment 

To determine classification accuracy, a "confusion matrix" is generated which 

visually displays the patterns of misclassification for each land cover (Luman 1992). 

On the vertical axis of the matrix, the classified map classes are listed while the 

reference or ground truth data are listed horizontally (Luman 1992). The accuracy 

of the map or classification is stated by expressing the errors of omission, errors of 

commission, overall percent correct, and the Kappa Index of Agreement. 

Errors of omission occur when a sample pixel of a particular class is not 

included in its correct class (Luman 1992). For example, when a pixel which is 

actually urban on the ground is classified as some other land cover, an error of 

omission has occurred because the pixel has been omitted from its correct class. 

Errors of commission occur when a particular pixel of one land cover on the 

classified map is classified as a pixel of another landcover (Luman 1992). For 

example, when examining urban class sample pixels, a pixel which was determined 

on the ground to be urban is committed to the class of forest illustrates this point. 

The overall correctness of the classified map can be determined by simply 

dividing the total number of pixels classified correctly by the total amount of pixels 

sampled (Luman 1992). A more in depth analysis of classification however, is the 

Kappa Index of Agreement. 

The Kappa Index of Agreement can be defined as: 

A quantitative measure of the difference between the observed 
agreement between two images/maps and the agreement that may be 
contributed solely by the chance matching of the two images/maps, 
derived principally from the off-diagonal elements of the error matrix. 
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The index adjusts the overall agreement of the image by removing the chance 

agreement which comes from computer classification (Luman 1992). The formula 

for the Kappa Index of Agreement is as follows: 

K =Observed- Expected /1 -Expected. 

The observed value is the overall correctness while the expected value represents 

the expected agreement by chance (Luman 1992). 

Accuracy can also be described in terms of user's and producer's accuracy. 

First, "user's accuracy" is used to indicate the accuracy of the computer program in 

classifying pixels compared to what they actually are on the ground (Luman 1992). 

The producer's accuracy is a measure of "how well sample pixels derived from the 

reference data can be mapped using the remote sensor data" (Luman 1992). In 

other words, producer's accuracy represents the accuracy of each individual land 

cover class being correctly identified in the computer classification generated. 

Following the accuracy assessment will be an evaluation of the confusion 

matrices as well as the errors of omission and commission. This process will identify 

areas of classification confusion. The City of Deerfield Beach was subsetted from 

the original data set. The classified images for the city are inspected for 

inconsistencies in the amount of each land cover from year to year. Once these 

areas are identified, an investigation into the causes of this confusion can take 

place. These sources of confusion are then evaluated in terms of how they effect 

the use of digital satellite imagery as an urban planning/growth management tool. 
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Post-Classification Comparison 

Post-classification comparison is the process of combining the spectral 

information gathered from the digital satellite imagery with aerial photographs to 

determine the historical land use change of portions of Deerfield Beach, Florida. 

The satellite imagery used in this research is dated in between aerial photograph 

dates. For example, aerial photography to be used are dated in 1968, 1980, and 

1986. The satellite images are dated 1973, 1978, and 1988. 

A portion of Deerfield Beach is targeted for inspection. Spectral signatures 

for this area are captured and evaluated to determine the existing land cover for 

each of the image dates. This spectral information is then compared to the aerial 

photos to determine how the land use and land cover have changed through time. 
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DATA ANALYSIS AND DISCUSSION 

Introduction 

The following chapter is an evaluation of the final supervised classifications 

for each image date. The tables and matrices to be discussed reflect the most 

accurate version of each classification. 

Each image will be discussed individually beginning with an interpretation of 

its confusion matrix. Next, errors of omission and commission will be evaluated. 

Thirdly, the classification will be examined to determine which classes were 

classified well, and which classes contain major error. Finally, a discussion of the 

Kappa Index of Agreement will take place. Following this discussion, land use 

change over time will be evaluated for the time period of 1973- 1988. Included in 

this discussion will be explanations for errors occurring within each classification. 

Instead of performing an accuracy assessment of the entire image scene, the 

city of Deerfield Beach was chosen for a detailed evaluation of the effectiveness of 

multi-temporal supervised classification of land-use change over time. 

The first classified image to be discussed is from 1973. Originally, 75 sample 

pixels were chosen for this accuracy assessment. However, five points were 

removed from the study due to temporal discrepancies between the actual image 

date, and the ground truth data. For example, a five year gap existed between the 
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ground truth data (1968) and the satellite image (1973). Sample pixels were 

classified as urban on the classified satellite image from 1973 but on the 1968 

ground truth data, the pixel was located in a forested area. At some point in time 

the land cover was transformed from forest to urban between 1968 and 1973. The 

other pixels in 1968 mirrored the class in 1973. For these reasons, points were 

removed from the study. 

1973 Image Classification 

The first topic of discussion will be the confusion matrix for the 1973 image. 

Table 4.1 is the confusion matrix for this image. 

Table 4.1 1973 Confusion Matri.x. 

Columns = Classified Image, Rows = Actual Cover on Ground 

OTIIER , 
CLASS WATER URBAN GOLF FOREST VEG A GLAND TOTAL 

WATER 13 0 0 0 0 0 13 

URBAN 0 8 I 0 I I II 

GOLF 0 0 0 0 0 0 0 

FOREST 0 0 0 II 9 6 26 

OTHER 

VEG 0 0 0 0 2 0 2 

A GLAND 0 0 I I I IS 18 

TOTAL 13 8 2 12 13 22 70 
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The column totals for this matrix represent the total number of pixels sampled for a 

particular class of interest. For example, in the 1973 sampling process, 13 pixels 

classified as water were randomly sampled. The row totals indicate how many of 

the sample pixels were identified as a particular class of interest. It can be seen that 

8 pixels were classified as urban on the image but 11 of the 70 total pixels were 

identified as urban through ground truthing. 

As seen in the table, of the water and urban pixels chosen for ground 

truthing, all13 and 8 pixels were correctly identified as urban and water, 

respectively. The matrix also indicates that as only two pixels classified as golf 

courses on the classification were chosen for ground truthing, neither actually was 

a golf course on the ground. One of these sample pixels was actually urban while 

the other was agricultural land. Of the 12 pixels classified as forest on the image, 11 

actually existed as forest on the ground. 1 pixel was actually agricultural land. 

Other vegetation was sampled 13 times. Only 2 of these sample pixels were 

classified correctly. Confusion occurred with the urban, forest, and agland classes. 

Finally, 22 classified agland pixels were tested by ground truth. Of these, 15 were 

classified correctly while forest and urban occupied the remaining 7 pixels. 

The confusion matrix can be examined in terms of the errors of omission and 

commission. Errors of omission occur when classified sample pixels actually exist as 

some class other than the class in which they were classified on the satellite image. 

These pixels have been omitted from the class in which they were classified when 

ground truthed. Errors of commission indicate how misclassified pixels actually 

exist on the ground. These pixels have been committed to a class other than their 

classified class on the satellite image. 
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Table 4.2 Errors of Omission and Commission - 1973. 

LAND COVER CL\SS ERROR OF OMISSION ERROR OF COMMISSION TOTAL CORRECT 

WATER 0/13=0% 0/13=0% 13/13= 100% 

URBAN 0/8=0% 3/11 =27% 818= 100% 

GOLF 212= 100% 0/0 =0% 012-0% 

FOREST 1/12=8% 151'26=58% 11/12=92% 

OTHER VEG 11113=85% 01'2 =0% 2113= 15% 

A GLAND 7122-32% 3/18-17% 15122-68% 

TOTAL 2InO=JO% 21nO=JO% 49n0=70% 

Because sample pixels for both the water and urban classes were all classified 

correctly, their corresponding errors of omission were 0% meaning that none of the 

sample pixels for either of these classes were omitted from their class of interest. 

The errors of omission for the golf, forest, other veg, and agland classes were 100%, 

8%, 85%, and 32%. Each of these percentages indicates the percent of the total 

number of sample pixels from the classified image for each class which were 

omitted from their correct class in the real world. The total error of omission for 

the entire ground truth area was 30% meaning that 30% of all sample pixels were 

omitted from their correct class. 

In terms of the error of commission, the water class again was 0%. This 

figure indicates that out of all of the misclassified sample pixels, from classes other 

than water, 0% were actually water on the ground. For example, 13 pixels classified 

as water on the classified image were sampled. All of these pixels were in fact 

water on the ground. Also, misclassified pixels from other information classes were 

not water on the ground. Thus 0/13 = 0%. The urban class contained 27% error of 

39 



commission. Interpretation of the confusion matrix indicates that 8 pixels classified 

as urban on the classified image were sampled. All of these pixels were urban on 

the ground. Of sample pixels from other classes, 3 existed as urban on the ground. 

So, 3 of 11 actual urban pixels are errors of commission meaning 3 pixels from other 

classes were committed to the urban class. The error of commission for the golf 

class is 0% though the table can be confusing. Remembering that both golf sample 

pixels were misclassi:fied on the image, when the golf row of the table is summed, 0 

is the total. Still, none of the misclassified pixels from other classes are actually golf 

on the ground. Understanding the above concepts of error of commission 

interpretation, The errors of commission for the remaining classes of forest, other 

veg, and agland, are 58%, 0%, and 17% respectively. For the entire ground truth 

area, the error of commission is 30%. 

This classification worked well for the urban and water classes as both 

proved to be 100% accurate. The forest class also worked well with a 92% accuracy 

rate. Agland was classified relatively well with a 68% rate of accuracy. Problems 

occurred with the golf and other veg classes. Reasons for these problems will be 

discussed later in the chapter. 

Finally, with regards to the 1973 classified image, the Kappa Index of 

Agreement needs to be examined. The Kappa Index of Agreement as defined by 

Luman (1992) is: 

... a quantitative measure of the difference between the 
observed agreement between two images/maps and the 
agreement that may be contributed solely by the chance 
matching of the two images/maps, derived principally 
from the off-diagonal elements of the error matrix. 
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The Kappa coefficient for this image was .662. Interpretation of this statistic 

indicates that the overall correctness, adjusted for chance agreement, is 66.2%. The 

chance agreement element was calculated at .11 or 11% of all image agreement. 

In summary, the 1973 classification was 70% accurate. The urban and water 

classes were classified 100% correct while the other four classes experienced 

confusion between how a pixel was classified on the image, and what the pixel 

actually existed as on the ground. The most heavily confused category was the 

other veg class with 9 of 15 pixels being misclassified. Possible reasons for this 

confusion will be addressed later in the chapter. 

1978 Image Classification 

Following the same format used in the discussion of the 1973 image 

classification, 75 pixels were sampled from the 1978 classified image. Unlike the 

previous example, all 75 pixels were kept in the ground truth and analysis process. 

With this in mind, the confusion matrix can now be examined as presented in Table 

4.3. 
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Table 4.3 1978 Confusion Matrix. 

Columns = Classified Image, Rows = Actual Cover on Ground 

OTHER 

CLASS WATER URBAN GOLF FORIST VEG A GLAND TOTAL 

WATER 2 0 0 0 0 I 3 

URBAN 0 12 0 0 0 0 12 

GOLF 0 0 0 I 0 0 I 

FOREST 0 0 0 27 I 8 36 

OTHER 

VEG 0 0 0 2 4 0 6 

A GLAND 0 0 0 2 0 15 17 

TOTAL 2 12 0 32 s 2-4 75 

Water and urban sample pixels were again classified with a 100% accuracy rate. 

Golf, however, was not sampled. The explanation for this is that the stratified 

random sample program did not sample pixels in the golf category. The golf class 

overall did not contain a very large percentage of the entire classified image. Only 

3. 73% of the entire area to be ground truthed was classified as golf. For the forest 

class, 27 of 32 sample pi.xels were classified correctly. The remaining 5 sample pixels 

were misclassified and existed as agland, other veg, and golf. The other veg class 

was classified accurately in that 4 of the 5 sample pixels actually existed as other 

veg while 1 pixel was actually forest. Finally, the agland class was sampled. Of the 
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24 sample pixels classified as agland, 15 were accurately classified while 8 actually 

existed as forest and 1 as water on the ground. Overall, 60 of 75 sample pixels were 

classified correctly for an accuracy rate of 80%. 

To examine the confusion, the errors of omission and commission can be 

examined again. Table 4.4 presents these errors. 

Table 4.4 1978 Errors of Omission and Commission. 

LAND COVER CL\SS ERROR OF OMISSION ERROR OF COMMISSION TOTAL CORRECT 

WATER 012-0% 1/3-33% 212- 100% 

URBAN 0112-0% 0/12-0% 12112- 100% 

GOLF 0/0-0% Ill- 100% 010-0% 

FOREST 5/32- 16% 9/36-25% 27/32-84% 

OTHER VEG 1/5-20% 216-33% 415-80% 

A GLAND 9124-38% 2117 = 12% 15/24-63% 

TOTAL Isn5=20% ISn5=20% 6ons-so% 

Water, urban, and golf all posses a 0% error of omission. Golf can not really be 

considered though because it was not sampled and therefore did not contain any 

pixels to be omitted from the particular class of interest. The errors of omission for 

the forest, other veg, and agland classes are 16%, 20%, and 38% respectively. 

Interpretation of these numbers means that of the pixels sampled from each of the 

above classes on the classified image, 16%, 20%, and 38% of these pixels were 

omitted from each of the above classes. The total error of omission for the ground 

truthed area was 15 of 75 sample pixels or 20% of all pi..xels sampled. Thus, 15 of the 

75 sample pixels were classified incorrectly on the classified satellite image. 

Examination of the errors of commission for the 1978 image indicate that 

urban is the only class with a 0% error of commission. The errors for the remaining 
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classes are 33% for water, 100% in the golf class, 25% for forest, 33% for other veg, 

and 12% for agland. Thus, when examining the row totals of the confusion matrix, 

33%, 100%, 25%, and 33% of the row totals of the above classes are actually 

classification errors from other classes. In these cases, a pixel classified as one class 

on the image actually existed as another class on the ground and were committed to 

the above land use categories. Overall, 15 of the 75 sample pixels were misclassified 

on the satellite image and were committed to categories other than the class of 

interest. 

Finally, the Kappa coefficient was calculated to be .759 meaning that after 

adjustment for chance agreement, the overall1978 classification accuracy is 75.9%. 

The chance agreement element was calculated as .169 or 16.9% of the of all 

classification agreement. The Kappa coefficient figure is 9. 7 percentage units 

higher than the 1973 image. 

The overall accuracy for the 1978 classification was high at 80%. Again 

water and urban were perfect while most of the confusion existed in the agland 

category. The discussion section of this chapter will examine these confusion 

issues. 

1988 Classified Image 

Finally, the 1988 classified image can be discussed. Following the same 

format as above, the confusion matrix will be discussed and is presented in Table 

4.5. 
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Table 4.5 1988 Confusion Matrix. 

Columns = Classified Image, Rows = Actual Cover on Ground 

OTIIER 

CLASS WATER URBAN GOLF FOREST VEG A GLAND TOTAL 

WATER 10 0 0 0 0 0 10 

URBAN 0 22 0 I 0 s 28 

GOLF 0 0 2 0 0 4 6 

FOREST 0 I 0 10 2 5 18 

OTHER 

VEG 0 0 0 0 2 0 2 

A GLAND 0 I 0 I I 8 II 

TOTAL 10 24 2 12 s 22 75 

For this classification, 75 pixels were sampled. As seen in the table, sample pixels 

classified as water on the classified image were again 100% accurate. The urban 

category contains 22 of 24 sample pixels classified correctly where 1 sample pixel 

was actually forest, and 1 was agland on the ground. Sample pixels taken from the 

golf category on the classified image were 100% accurate. The forest category 

sample pixels were extremely accurate where 10 of the 24 pixels sampled were 

forest on the ground. One of these pixels was actually urban while the second was 

agland on the ground. Problems arose in the other veg category where only 2 of 

the 5 sample pixels were classified correctly on the image. Confusion in this 
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category was with agland and forest classes. Finally, agland sample pixels were 

classified correctly only 8 of 22 times. Misclassification occurred with the forest, 

golf, and urban categories. Overall accuracy of the 1988 classification was 54175 or 

72% correctness. 

Errors of omission and commission presented in Table 4.6 break down the 

error further. 

Table 4.6 1988 Errors of Omission and Commission. 

LAND COVER CLASS ERROR OF OMISSION ERROR OF COMI\IISSION TOTAL CORRECT 

WATER OliO -0% OliO =0% 10/10-100% 

URBAN 2124-8% 6128-21% 22124-92% 

GOLF 012 = O"lo 4/6=67% 212- 100% 

FOREST 2/12 = 17% 8/18-44% 10/12-83% 

OTHER VEG 315-60% 012-0% 215-40% 

AGLAND 14122-64% 3/11-27% 8122 = 36% 

TOTAL 2InS=28% 21nS-28% S4nS-72% 

The table indicates that the water and golf categories were classified correctly and 

have an error of omission of 0%. As for the urban, forest, other veg, and agland 

classes, 8%, 17%, 60%, and 64% of sample pixels were omitted from each class of 

interest. Overall, 21 of 75 sample pixels were omitted from their respective classes 

indicating that 21 of the 75 pixels sampled existed as a land cover other than what 

the classification indicates. 

Continuing with the analysis, the errors of commission can be examined. 

Water and non-forested veg did not contain any error of commission. This is to say 

that of the misclassified pixels from ground truthing, none were actually water or 

non-forested veg on the ground. As for the other categories, Urban, golf, forest, 
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and agland contain 21%, 67%, 44%, and 27% error of commission. Interpretation 

indicates that 21%, 67%, 44%, and 27% of the row totals for each class in the 

confusion matrix are errors of commission where pixels actually existed as this land 

cover on the ground. Overall error of commission for the 1988 classification was 

28%. 

Areas of concern within this classification are the other veg, and agland 

classes. The classification did work well however, for the water, urban, golf, and 

forest categories. These areas will be addressed later in the chapter. 

Concluding discussion of the individual classifications will be the Kappa Index 

of Agreement for the 1988 classification which was computed to be .673 indicating 

an adjusted accuracy rate of 67.3%. The chance agreement was calculated at .142 or 

14.2%. A decrease of 8.6% in Kappa exists between 1978 and 1988 where a 1.1% 

increase over the 1973 classification is present. 

The 1988 classification provided the first indication of problems classifying 

the urban areas of the satellite image. Water again was classified perfectly while 

the opposite end of the accuracy scale was occupied by the agland class with only 8 

of 22 sample pixels being classified correctly. 

Summarizing the classification process for all three images, it is clear that 

the urban and water classes were the most consistent classes in terms of over all 

accuracy. Agland and other veg were consistently the most troublesome categories 

in the classifications. Table 4. 7 summarizes the confusion matrices for all three 

classifications. 
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Table 4. 7 Summary of Confusion Matrices. 

Columns = Classified Image, Rows = Actual Cover on Ground 

OTHER 

CLASS WATER URBAN GOLF FOREST VEG AGLAND TOTAL 

WATER 25 0 0 0 0 1 a; 

URBAN 0 42 1 1 1 6 51 

GOLF 0 0 2 1 0 4 i 

FOREST 0 1 0 48 12 19 8) 

OTHER 

VEG 0 0 0 13 8 0 10 

AGLAND 0 1 1 4 2 38 4G 

TOTAL 25 44 4 56 23 68 220 

Examination of this table illustrates how well the water and urban categories were 

classified while errors within the agland and forest classes are emphasized. The 

overall accuracy for all three images was 163/220 or 74%. While this figure is 

acceptable, there are many confusion issues which need to be discussed. These 

issues will be covered shortly. 
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Land Cover Change Over Time 

The city of Deerfield Beach was cut from the original image scene to 

evaluate the percentage covered by each land cover class. Table 4.8 summarizes 

these measurements. 

Table 4.8 Deerfield Beach Land Cover Change 1973 - 1988. 

LAND COVER 1973 1978 1988 

Water .48% 3.4% 1.()0,.(, 

Urban 40.7% 46.6% 70.4% 

Forest .73% 7.7% 3.2% 

Non-Forest Veg 27.3% 2.5% 8.3% 

Agland 26.8% 34.9% 14.9% 

Golf Course 3.7% 4.6% 1.9% 

Evaluation of this table indicates that many of the categories increase and decrease 

over time. For example, non-forest vegetation begins at 27.3% of Deerfield Beach in 

1973. In 1978, its percentage has dropped to 2.5%. However, in 1988, the amount of 

non-forest vegetation has increased to 8.3%. These inconsistencies probably have to 

do with misclassification of the images. Misclassification will be discussed in depth 

in the discussion section of this chapter. 

Discussion 

Accuracy assessment includes an inquisition into the nature of the errors 

present in the data. Digital image analysts must also reexamine aspects of the 

classification which appear to be correct. For example, on each of the above 

classifications, water sample pixels were classified 100%. This does not mean that 
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every pixel classified as water on the classified images are indeed water. Not every 

water pixel was sampled. So, when using this information, it is important to realize 

that only the sample pixels are correct. We can state with a high degree of 

confidence that overall that water has been classified correctly. However, some 

degree of error may exist. Thus, inspection of all cases is necessary. 

To identify where errors may have occurred, each land cover type was 

analyzed over each study date. Training field spectral signatures were compared 

and evaluated across classes to identify possible class confusion due to spectral 

similarities. The goal of this investigation was to identify one area of each land 

cover where pixels were classified as one land cover in 1973, a different land cover 

in 1978, and yet a different land cover in 1988. By finding these areas, 

inconsistencies and possible sources of error can be determined. Upon the 

discovery of such an area, each was analyzed on aerial photographs to attempt to 

identify possible causes of error. For example, areas designated as agland on the 

classification both within and outside of the Loxahatchee National Wildlife Refuge 

were analyzed in the above manner. 

The remainder of this chapter will discuss the issues and challenges 

encountered throughout this research as well as an in depth analysis of possible 

sources of class confusion. 

Challenges of Time Series Analysis 

As mentioned above, parts of the Loxahatchee National Wildlife Refuge were 

classified as agland along with actual agland outside of the Refuge. Figure 4.1 is a 

small portion of the 1978 satellite image showing the northeast corner of the 

Loxahatchee National Wildlife Refuge. The figure illustrates the two areas sharing 
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the same brightness value of 122. One area is located within the Refuge while the 

other resides outside. The area outside the refuge was determined through ground 

truthing to be agriculture. Within the refuge, however, that same brightness value 

was a forested area. 

When the classification algorithm is applied to the image, more than likely, 

both areas will be classified as the same spectral class because the training field was 

taken in the agricultural area but both areas are spectrally similar. One of the 

sample pixels will have been misclassified because the refuge is a nationally 

protected land which does not contain agriculture. The question now is why do two 

different land use classes share the same brightness value? Figure 4.2 provides an 

explanation. 

Figure 4.1 Northeast Corner of Loxahatchee National Wildlife Refuge. 
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Figure 4.2 Agland and Forest Spectral Curves. 
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Training fields were taken from the two areas depicted in figure 4.1. The training 

field outside the refuge was identified as agland while the training field inside the 

refuge was correctly identified as forest . Through analysis of the spectral curves in 

Figure 4.2, we can see that the spectral curves of each of the training fields are 

almost identical. There are many land covers which share the same or similar 

spectral characteristics or reflect visible light in the same manner. Since the 

computer classifies the image solely on spectral characteristics, all areas which are 

spectrally identical are classified as belonging to the same category. 

Because the pixel of an MSS image covers such a large area on the ground. 

spectral characteristics of many different land covers are compiled to determine its 
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brightness value. In fact, each pixel represents average reflectance of all ground 

features 80 meters by 80 meters in size. During the image classification portion of 

the process, the pixel may be classified as urban though it actually contains land 

covers such as grass, trees, water, transportation routes, etc. Also, some land 

covers consist of multiple spectral characteristics such as trees, grass, pavement, 

rooftops, and low density residential areas. The sampling process not only chooses 

pixels to visit in the field, but the exact point can vary within the pixel. So, if an 

urban pixel is sampled, but the exact point to be sampled is in a grassy area, the 

pixel is deemed misclassified. In another case, a residential unit may border an 

agricultural area. If the sample point is located in the agland portion of the pixel, 

the pixel is again misclassified. The only real solution is to conduct multiple 

iterations of a classification until an acceptable level of accuracy is achieved. 

Another obstacle to a successful classification was found during this 

research. As discussed earlier in this chapter, there was quite a bit of confusion 

between the agland and golf course classes. One problem was the case of spectral 

similarity. As in the example presented earlier, some agricultural areas shared 

exactly the same brightness values as the golf courses resulting in m.isclassification. 

The issue here, unlike the other example, is that the golf courses and agland are 

both composed of the same land cover. Both consist of vegetation. In other words, 

the golf course spectral signature mirrors that of agland in cases where the agland 

area in question contains vegetation rather than bare soil. Yet the analyst wants to 

maintain them as separate information classes. 

This last example explains how spectral characteristics can be similar though 

information of land cover classes are different. The next topic relating to 

classification error is temporal or related to time. Through time, land areas undergo 
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transformation. Land cover is not static. It is constantly changing. These changes 

include physical changes which may result through the processes of nature, or they 

may be human induced changes. Regardless of the cause of change, spectral 

changes also occur. The following section will discuss the changes of specific areas 

over time. These changes altered the spectral characteristics of the image which 

cause confusion during the classification process. 

Temporal Issues in Image Classification 

One land use class which changes often is the agland class. Many forces are 

working in the change of agricultural lands through time. The yearly cycle of 

agland affects spectral characteristics. At the beginning of the cycle, the agland is 

bare soil. Bare soil can contain many different spectral signatures. As the crop 

grows, the spectral signature changes. Then, at the end of the cycle, the crop is 

harvested and the soil is once again bare. Here in South Florida, this cycle may be 

completed many times. The cycle does not end here. 

As time passes, supply and demand coupled with decisions regarding the 

future of the farm combine. The farm may lose its profitability Perhaps a 

municipality or government agency wants to buy the land for a transportation 

route. Farming continues for some time. However, the type of crop changes to one 

which requires less intensive labor. Eventually, the land becomes idle. The idle 

land is taken over by vegetation native to the area. Finally, the land is converted to 

urban uses (Coughlin 1979). 

Hart (1968) stated that the changing of cleared farmland to what he called 

"farm woodland" was a signal announcing abandonment. Farmland in the later 

stages of abandonment may explain classification confusion between agland and 
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forest. Instances arose during ground truthing when a piece of land appeared to be 

agland based on land shape, site, and its neighboring land parcels but the area was 

filled with pine trees. Technically, the land was still being used for agriculture but 

sample pixels falling within were deemed incorrect introducing error into the 

classification. Figures 4.3 and 4.4 illustrate the above processes. 

Figure 4.3 The Changing of Agland Through Time. 
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Figure 4.4 The Changing of Agland Through Time 

:+ 
Continuation of 
farming 

Forces of supply - t and demand 
for land Shift to different _., 

types of farming 

~ t 
_., Idling of farmland 

Actors and insti· 
t tutions in the ~ 

land market 
Conversion to urban _., 
uses 

The changing of the land over time may cause confusion during image 

classification. Spectral classes may change even if the land use has remained 

constant. For example, when crop type changes, the spectral signature may change 

from that of healthy green crops. Even though the area can be determined to be 

agland by aerial photo interpretation, its spectral signature may be similar to that of 

another category. 

Knowledge of what is happening to the land over time becomes an important 

tool to the image analyst when a scheme such as described above can be used. This 

scheme can be combined with satellite images and aerial photographs to work out 

the history. Without this method of analysis, the history of the parcel of land is 

unknown. The only information known is the state of the land parcel at that 

instant in time. This method also provides the use of the land over time which lends 

56 



even more information to an environmental impact assessment. This information is 

absolutely critical to that assessment. Spectral information now not only describes 

land cover type, but the condition or stage of transition of the land. This becomes 

an advantage of digital satellite imagery over other types of information. 

Labeling a parcel of land is qualitative from image or photo interpretation 

alone. However, spectral characteristics and spectral curves quantify what is seen 

on the above images and photos. Urban and forested areas have very distinct 

spectral curves. While mere interpretation can be misleading, the spectral 

characteristics and curves prove quantitatively exactly what a given land cover may 

be. 

For example, if topographic maps, land use maps, or future land use maps 

were to be used for a similar study, the researcher would know whether the land is 

agriculture or non-agriculture. In the case of a future land use map, the researcher 

only knows what land cover the parcel is expected to be instead of how it exists at 

the present time. Even existing land use maps can be inaccurate. These maps may 

be generated based on visual interpretation. Topographic maps are generated based 

on visual interpretation alone. Errors may be present. However, if the use of 

spectral characteristics ofland covers are implemented, the exact land cover can be 

mapped. 

For example, an area may be designated as open space on the existing land 

use map. The future map may indicate that it will be residential. Even through the 

use of both maps, the individual still does not know what the present condition of 

the parcel is at that moment. The land may be in transition from open space to 

residential but the researcher would never know. The satellite image however, 

employing a scheme like the farmland transition scheme above and barring 
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misclassification, can determine that the land is indeed open space but the transition 

to residential has begun because the open space has been cleared. 

While it was not in the scope of this work to develop such a typology for any 

land use class, an explanation for inconsistencies in year to year aerial calculations 

was derived by examining spectral characteristics as well as attempting to identify 

changes in the landscape through time. Deerfield Beach was again taken as a 

subset of the original image scenes for an evaluation of each land use class. Each of 

the following six figures represents Deerfield beach in 1973, 1978, and 1988. The 

first spectral class to be discussed will be the agland class. 

The central portion of the city will be used to discuss the agland change over 

time. Specifically, the area which is now occupied by Century Village will be 

studied. The 1968 photo index was examined first. In 1968, the central portion of 

the city was savanna-like consisting of smooth grassy areas as well as sparse 

scattered trees. Many fence lines are seen and the grassy areas vary in shade on 

either side of the fence. This implies that different land management practices such 

as mowing on different dates are present. 

On the 1973 image, this area was classified as other-veg. This category is 

used for non-forested but vegetation dominated pixels. On the 1978 image, this 

area is mostly classified as urban with some golf. Examination of the spectral 

curves in Figure 4.5 indicates that in 1973 the land cover was in fact other veg 

because reflection is higher in the green band than in the red band and higher in 

the infrared band than the other two bands. The spectral curve for the same area 

in 1978 indicates a non-veg land cover due to the gradual increase in reflectance 

from the green band to the red band. Such spectral curves are not found for 

vegetation land covers. Since water reflects highest in green, second highest in red, 
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and least in infrared, it is known that the land cover in 1978 is non-veg and non

water. The land cover is urban. It is an island of urbanization surrounded by 

agriculture according to the classification scheme. This implies that Century Village 

was developed sometime between 1973 and 1978. Figure 4.5 presents the 

classification for this area which is enclosed by a block box. 
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Figure 4.5 Century Village Area Spectral Curves - 1973 and 1978. 
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Figure 4.6 Agland Change 1973 - 1978. 
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The 1980 photo index was then examined. Buildings, landscaping, ponds, 

and golf course are fully developed. The 1986 color infrared photo was then 

examined. The areas of open space north and east of Century Village are entirely 

developed. Only a few pixels of open space remain. Finally, the 1988 image was 

analyzed. On this image, Century Village has not changed, but the surrounding 

land that was other veg is now mostly gone and is replaced by urban land uses 

supporting the spectral classification of the 1988 image. As seen in Figure 4.6, these 

areas are now mostly classified as urban. 

Golf courses are the next topic of discussion. The area of concern for this 

spectral class is located just south of the Hillsboro Canal. On the 1973 classified 

image, golf courses do exist. In 1978, this area seems to contain even more golf 

courses. In 1988 however, the amount of land occupied by golf courses seems to 
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have slightly diminished. Figure 4. 7 illustrates this phenomenon. Occupying the 

areas on the 1988 image which used to be golf courses in 1978 are the agland 

classification. It is common knowledge that more and more golf courses are 

springing up all over South Florida. So, what is happening in Deerfield Beach in 

1988? 

Figure 4. 7 Golf Course Change 1973 - 1988 
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Much W{e agricultural areas covered by vegetation, golf courses also consist 

of grasses and vegetation. The difference, however, is in the way golf courses are 

designed. The green, and links of a golf course are heavily fertilized and watered to 

give them their lush green color. These "pumped up" areas end abruptly however. 

The areas surrounding the links and greens are called "rough". These areas are not 

maintained as well and actually resemble agland more than golf courses. The 

problem that occurs is that while the pi.xel resolution of MSS imagery is 80 meters 

by 80 meters, very few links of a golf course are 80 meters wide. Thus, both links 

and rough areas as well as any other low quality land cover may be detected by the 
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sensor. If enough of the rough areas are detected in a single pixel, the pixel may be 

classified as agland even though it exists on a golf course. This problem can not be 

solved through the process of image classification. 

The next class where problems arose was the water category. Confusion 

with sample pixels from the water category did not appear in the accuracy 

assessment. However, when each of the three image classifications is examined, 

one large bit of confusion is present. In the southwest corner of the city, a large 

area of land is classified as water on the 1978 image. When the other two 

classifications are examined, the same area is classified as urban. Figure 4.8 

illustrates the problem. 

Figure 4.8 Water Change 1973 - 1988. 
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The photo indices were examined for all three years. The land area in question is 

indeed water. However, when the false color composite images are examined, the 

reflectance is greater in the red and green bands in 1978 than in the other two 

years. Normally, this indicates that the water is shallow or sediment laden. This 

body of water may have been disturbed shortly before this particular image was 

acquired. 

Examination of the spectral signatures for water and urban in 1973 and 1978 

indicates that while the spectral curves are separated in the green and red bands, 

the mean values of the training fields for each of these areas are identical in the 

infrared band. Normally, a rule of thumb when evaluating spectral curves is that 

they must be completely separated in at least one band. As Figure 4.9 indicates, 

there is complete separation in two bands for the 1973 and 1978 images. 

When the spectral curves for water and urban on the 1988 image are 

examined, it is again obvious that there was complete separation between the 

curves in two bands. The confusion as illustrated by Figure 4.10 was located within 

the infrared band. 
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Figure 4.9 Urban and Water Spectral Curves- 1973. 
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The confusion must have been significant enough to influence the algorithm 

to classify pixels with both spectral curves as urban rather than providing 

separation between the water and urban classes in this area. Why this event has 

occurred is not clear. Clarification of this issue is beyond the scope of this work and 

the question of confusion between urban and water on the images will remain 

unanswered. 

64 



86 

6i 

43 

22 

0 

Figure 4.10 Urban and Water Spectral Curves- 1988. 
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The forest class will be discussed next. Examination of Figure 4.11 indicates 

that the amount of forested land fluctuates as very little forested areas existed in 

1973 but much more existed in 1978. Then, in 1988, another decrease in forested 

lands occurs. 
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Figure 4.11 Forest Change 1973 - 1988. 
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All ancillary data sources were consulted to evaluate the situation of forest 

through time. As seen in Figure 4.11, the area in question was classified as mostly 

other veg in 1973, mostly agland in 1978, and urban in 1988. However, on the 1968 

photo index, the area is savanna-like with smooth grasses and scattered trees. This 

means that the 1973 classification was correct because the area is indeed covered by 

vegetation other that forest and agriculture. The area was then inspected on the 

1978 classification image. As seen in Figure 4.11, the forest class, which scarcely 

existed in previous years is now significant in areas east and south of Century 

Village. 
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The 1980 photo index was then examined. Existing in the areas classified as 

forest on the 1978 image was actually forest on the ground. These areas are either 

devoid of trees or better described as savanna on the 1968 photograph. Now, the 

1986 color infrared photo needed to be examined. On this photo, these areas are 

now developed. Finally, the 1988 image shows decline of forested areas replaced 

with urban land cover but the existing forest is still greater than that of 1973. 

The explanation of the above process is as follows. In 1973, and even as far 

back as 1968, these lands were still used as agland. If they were not actually being 

harvested or grazed, they were in the early stages of abandonment. For most of the 

area in question, the abandonment did not last long as it was soon most of this land 

was urbanized. Areas that were not urbanized continued through the 

abandonment cycle resulting in forested areas. Then, as these areas became 

developed by buildings and strip malls associated with Century Village, some of that 

forested area vanished. What is left are smaJ1 pockets of forested areas located 

between buildings and strip developments. 

Finally, the urban class can be examined. Because individual examples of 

urban confusion could not be located on the classification, urban confusion in image 

classification will be discussed in theory. Agland abandonment, satellite issues, and 

spectral signatures will all be tied together to clarify problems of urban classification 

with satellite imagery. 

Here in South Florida, almost all land was originally wetland. This land then 

needed to be drained if it was to be used for anything. In some cases, the land was 

drained for agricultural use. Ultimately, it was going to be used for human 

settlement but may not take place for some time. 
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As discussed earlier in this chapter, agland goes through a cycle. At the 

beginning of the cycle, the land is bare soil. This bare soil can have similar spectral 

characteristics to those of urban. As the cycle progresses, the soil gives way to the 

crop. The spectral signatures change to those of vegetation. Thus, if comparing two 

dates in different stages of the cycle, the amount of urban areas or agland areas 

decreases from date to date causing confusion in the classification. Stage three of 

the cycle occurs where the crop is harvested and the spectral characteristics of the 

land return to those of bare soil providing an illusion of fluctuation in the amount of 

both urban and agland. 

At some point in time, the agland may be abandoned. This is the beginning 

of land use change. John Fraser Hart (1968) describes this process well when he 

stated: 

On the negative side, in some areas former farmland has 
simply been abandoned, permitted to grow up in bush, and has 
eventually reverted to woodland. 

The former farmland then becomes invaded with forest and other land 

covers. Therefore, when classifying these areas through time, the classifications 

fluctuated first between urban and agland, then between agland and forest. 

Eventually, the forested areas are cleared so urban development can take place. 

The spectral signature then changes to resemble those of agland bare soil areas 

until the land is built upon. 

Once the land has been developed, residential areas, for example, have the 

spectral characteristics of bare soil, agland and concrete buildings. As time passes, 

the residential area becomes greener. Sod is implanted along with trees and small 

parks. When classifying the imagery, it may seem that the amount of urban land is 
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decreasing. This is not the case. Because the trees and sod are introduced, bare soil 

is covered. Bare soil has a tendency to be classified as urban. Therefore, the 

amount of urban land has not decreased, but its spectral characteristics have been 

altered. Different stages of residential development also reflect differently. 

Jensen (1982) developed a "dichotomous key" which could be used to 

identify different stages of residential development from aerial photography. Figure 

4.12 presents Jensen's work. Jensen's key involves answering a series of questions 

as to which details can be seen on the photo. By answering yes to a question, the 

land parcel is determined to be in a "factor" which measures how far development 

has been completed (Jensen 1982). Combining the use of aerial photographs and 

satellite imagery, the analyst can use this key to determine not only the stage of 

transition, but also the probable land cover to help explain spectral issues related to 

the classification. 

An example of the above dichotomous key for urbanization was worked out 

for this study area. The site chosen was a large parcel of land just north of the 

Hillsboro Canal and west of Interstate 95. The eastern quarter of the parcel has 

been partially developed. The use of the key as applied to this research is as follows. 
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Figure 4.12 Dichotomous Key of Urban Development. 
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The first questions involved the clearing factor. "Has area been cleared at 

all?" Portions of this parcel have been cleared so the answer is yes and we have 

passed through the clearing factor. The second question was: "Is all of area 

cleared?" The western two thirds of the study area is still covered by forest and 

grass so the answer is no. We now move to the subdivision factor. The question 

was: "Is area subdivided?" The answer is yes so we move to the transportation 

factor. "Axe roads paved?" This is confusing because not all of the roads are paved. 

Because some of the roads are paved, the answer was yes. Now, the building 

factor. "Axe buildings present?" Yes. It appears that some of the residences are 

inhabited as well. The eastern third of the parcel contains completed houses. 

Moving on to the landscape factor: "Is landscaping complete?" No, even though the 

houses are complete, the sod has not been implanted. 

With the key complete, the analyst now knows that even on a satellite image 

acquired at the same time as a photo, the ground is subdivided, partially landscaped, 

roads are paved, and buildings exist. Knowing this, the image analyst can better 

interpret the image and explain classification confusion. 
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CONCLUSIONS 

Introduction 

This chapter will begin with an explanation of the result of the works 

described in the previous chapter. In other words, an answer will be given for the 

question: What was the final product of this research? Next, an evaluation of the 

final product will be conducted. Tlus will be followed by a brief critique of the 

Deerfield Beach, Florida Comprehensive Plan. The methods applied during this 

research will be applied to the Deerfield Beach Comprehensive Plan to illustrate the 

effectiveness of these tools in aiding urban planners and growth managers in the 

tracking of urban expansion and land use change. Finally, future 

recommendations for research enhancement will be given. 

Product of Research 

The final product of this research is an evaluation of the use of post

classification comparison to create an historical digital database for the purpose of 

mapping land use and land cover change in Palm Beach and Broward counties. 

Creating a database of this nature provides the analyst with scientifically viable 

information about what land covers existed at different times in the past as well as 

how they exist in the present day. When questions about the classified images 
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arise, spectral signatures can be compared with historical aerial photographs to 

work out the history of any given parcel of land. The most important aspect of the 

entire database is the spectral signature. These spectral signatures are quantitative 

in nature because they quantify how different land covers reflect visible light. Each 

type of land cover has unique spectral reflectance characteristics. These spectral 

signatures can be used to prove what type of land cover existed in any area in the 

past as well as the present. 

A partial database was created and evaluated. This database is partial 

because only three image dates are contained within. If this research were to 

continue in the future with additional imagery incorporated, the database will 

become more complete. While land use and land cover information are extracted 

from this partial database, spectral information of each pixel of land is also provided. 

As stated in the previous chapter, this spectral information not only provides the 

user with the land cover and use of the area, but the present state or stage of 

transition of the land area as welL This is important to realize because when this 

data is coupled with aerial photographs, the historical transition of land cover can be 

worked out using visual analysis of aerial photos and quantitative analysis of 

satellite imagery between photo dates. 

The example given in the previous chapter was with the area now occupied 

by Century Village. It was determined through inspection of the classified images 

and aerial photos that the area evolved to its present state from a savanna-like land 

cover. Also able to be determined was the historical use of the land through time 

which was grazing until being cleared for urban development. 

The final product from such a database is actually a map. Maps from images 

are still maps because they are not raw data anymore. Once the raw data has been 
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changed, errors may be introduced. These maps are still more informative than 

topographic maps because they map phenomenon as they exist in an instant in time 

and illustrate transitional stages of development, or specific types of development. 

Topographic maps also gather data from remotely sensed products but map in 

general terms. Where they map an area as urban, maps created from this database 

could map various stages of urban development and actually depict them on the 

map. 

On the Deerfield Beach existing land use map, the center of Century Village 

is labeled as Open Space. Knowing that this area is a retirement community, it is 

suspected that a golf course exists in the community. After examining the 

classification, a golf course is in fact found in the center of the community. Aerial 

photography supports this finding. Thus, planners who are using this map are 

under the assumption that there is open space in the middle of Century Village 

where in fact, this is not the case. 

While the existing database could be used for statistical calculations such as 

percent land cover of forest or urban, it is important to realize due to 

misclassification of pixels, percent land cover could be over or underestimated. By 

examining the confusion matrix summary table provided in the previous chapter, it 

is obvious that the most accurate classes in this research were water and urban. 

Water is an important resource in South Florida so the database created would be 

valuable and accurate enough for statistical calculations. Urban was also classified 

extremely accurately and could also be used in statistical calculations with a high 

degree of confidence. The forest category was also classified fairly accurately where 

48 of 56 sample pixels were accurately classified. Classes not recommended for 

statistical analysis are golf courses, other veg, and agland. Golf was only sampled 4 
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times while other veg and agland were under 50% correct. Thus in terms of 

database usability, the water and especially urban classes would be highly useful to 

urban planners and growth managers. 

Applications for the Deerfield Beach Comprehensive Plan 

This section will discuss applications of the partial database evaluated during 

this research towards the Deerfield Beach Comprehensive Plan. Quite often, the 

comprehensive plan inferred that enforcement or evaluation of a mandate was 

questionable. The examples which follow are such instances where the techniques 

employed in this research could be useful to urban planners and growth managers 

in the execution of planning and growth management practices. 

The first mandate to be discussed refers to new residential developments. 

According to the plan, new developments are required to maintain 10% of the 

existing vegetation within these areas (Deerfield Beach 1989). By using imagery or 

photos from pre-development times, the amount of existing vegetation before 

development could be calculated. With this data, the amount of vegetation included 

in the new development could also be calculated to decide whether developers have 

adhered to the mandate. The MSS data used in this research would not be 

adequate for this application due to the spatial resolution of the imagery. 

Resolution less than 30 meters would not be able to single out vegetation in an 

urban area with a high degree of accuracy. The problem is that there may be an 

area 15 meters by 15 meters within an urban area pixel consisting of vegetation but 

the surrounding area may consist of concrete, roads, or buildings which would 

dominate the pixel. 
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The next mandate to be discussed states that for every 1000 residents within 

the city, 3 acres of recreational lands or open space must be provided (Deerfield 

Beach 1989). The techniques implemented in this research lend themselves to this 

application very well. Recreation areas are normally public parks. Open space 

refers to land areas without a designated land use. Most of these areas will be 

larger than 80 meters squared. Once the population data is known, the image is 

classified and the appropriate acreage calculations are performed. Within days, the 

analysis is complete and the mandate is evaluated. 

Yet another example refers to environmental impact analyses. As stated 

earlier in this thesis, before new development can begin, an environmental impact 

assessment must be completed. This assessment includes the examination of the 

environmental history of the land to be developed. Through the use of spectral 

information from satellite images and aerial photography, the environmental 

history can be determined. 

Related to an environmental impact analysis, another example of the utility 

of post-classification comparison occurs when an environmental problem such as 

the pollution of a local water body. The land area responsible for this area may be 

able to be determined but the reason, and solution to the problem may be unknown. 

By working out the environmental history of this land area, the analyst can 

determine the historical use of the land. Hidden in these uses may be the source of 

pollution. For example, if the land area was once used as an informal landfill, it can 

be determined through the use of an historical database. Because the contents of 

the landfill are now below the surface of the earth, the only way to find this lands 

use would be to see this informal landfill on aerial photos and satellite imagery 

when it was in operation. 
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As seen in the examples listed above, the use of remote sensing can be a 

valuable tool to planners and growth managers for applications such as the 

monitoring of urban expansion, open space preservation, greenspace preservation, 

or historical land use change. With the population of South Florida growing at such 

a rapid pace, it is absolutely essential that planners and growth managers have 

accurate maps and other information to make the necessary decisions to 

accommodate this growth without impairing the natural environment and 

resources upon which all of the states citizens depend. 

The most important use of a historical database such as the one evaluated in 

this research, is its applicability to the monitoring of urban expansion. Every 18 

days, a satellite image of every piece of land on the surface of the earth is acquired. 

This means that technically speaking a digital database of Deerfield Beach could be 

created containing classified images of the city for every eighteenth day since 1973. 

By no other means could this task be accomplished in a timely manner. This 

database would quantitatively verify the land use or land cover of every piece of 

land on an 80 meter by 80 meter grid. Unlike other methods of analysis which only 

describe the land as urban or non-urban, this digital database would provide 

information such as stage of development. Thus, the exact state of the city in terms 

of its urban land cover as well as its ability to accommodate additional growth can be 

determined. 

Because this information can be gathered quickly, and relatively 

inexpensively through remote sensing techniques, the utility of this data to 

planners and growth managers is emphasized. Such up-to-date information can be 

the deciding factor in the success or failure of planning and growth management 

policy. 
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Recommendations for Further Research 

Perhaps the most important decision in such research is the resolution of the 

satellite imagery which is to be implemented. As seen in this work, 80 meter 

resolution can be successful in the classification of compact metropolitan areas. 

However, when golf courses and forest stands are to be evaluated, the mixel 

problem is amplified with such a poor resolution. However, even this resolution of 

80 meters still provides the user with the advantage of being able to use spectral 

information of land cover from 1973 to 1978. There is no other source of spectral 

information. 

Within the next six months to one year, new satellites will be launched. 

These satellites will provide extremely high resolution which will be available to the 

general public. One meter resolution multispectral images are the expected 

deliverables from these satellites. This imagery is highly recommended. Available 

at the present time, however, is one meter resolution airborne imagery. The 

setback to this imagery is that it is not geometrically corrected for distortion which 

would impair analysis results. 

Another recommendation regarding the satellite imagery would be to ensure 

that the imagery is raw data. Raw data is necessary to be able to perform image to 

image registration, atmospheric correction, and many other pre-classification 

processing procedures which are crucial to an accurate time series analysis. 

Without raw data, analysis results are instantly suspect to be erroneous. 
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