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 The rapid increase of urban growth is a major issue for many regions around the 

world, which result in astounding loss in farmlands and increase in population densities. 

It important that urban growth be monitored as it will aid the local government in 

implementing the appropriate measures for a growing population. The city of Boca 

Raton, Florida, is the case study for this research. A multi-temporal analysis is done of 

five Landsat satellite images over a thirty year time period, 1973-2002. Textural analysis 

was performed on each of the images, to delineate the urban areas. Three by-products 

resulted from the textural analysis: time series tinted overlays, dasymetric mapping and a 

series of animated maps, showing the movement of growth across the landscape through 

time. All the resulting products of the time series analysis were used to show the 

magnitude and direction of growth over time.    
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CHAPTER 1 

1.0 Introduction 

 The rapid increase in the number of growth of urban areas is a pressing 

issue in many countries. The magnitude of the problem of rapid urbanization is such that 

it is not only looked at on and measured at a national scale, but also on an international 

scale. An urban area is considered an area that has a higher proportion of human created 

structures as compared to its surrounding areas. Planning urban areas/developments is 

very important as it gives local government officials a basic idea of what the progression 

and expectation of the developments should and will be. However, many times though 

development may be planned it usually yields results that were not within the planning 

parameters.  

 The United Nations Settlements Programme (UN-HABITAT) is the 

Unites Nations agency for monitoring human settlements and their standard of living. 

One of the UN-HABITAT purposes is to promote sustainable urban development, UN-

HABITAT “is mandated by the UN General Assembly to promote socially and 

environmentally sustainable towns and cities with the goal of providing adequate shelter 

for all” (http://www.unhabitat.org). In the year 1996 the UN-HABITAT in their second 

Global Report on Human Settlements, referred to cities around the world as places of 

opportunities, portraying cities as engines of growth and centers of creativity. Though 

these cities are seen as an engine of economic growth there
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are obvious problems that they face. These problems includes: unemployment, increase 

percentage of persons who are living in poverty (oftentimes in slums) with little or no 

healthcare, environmental degradation. Though there were obvious problems with 

urbanization, the second Global Report stated that the cities also possessed the ability to 

counteract these problems (http://www.unhabitat.org). One of the main factors that have 

resulted in the increase number of problems faced by urban areas is the increase 

population growth these areas have to facilitate. 

 In 1950, it was reported that approximately one-third of the world’s 

population were living in cities. In 2005 3.17 billion of the world’s 6.45 billion persons 

were living in urban areas. According to UN-HABITAT by the year 2007, one out of 

every two persons was living in cities: fifty percent of the world’s population. 

Unfortunately one of every three city dwellers was also living in slums. Predictions are 

that the number of persons living in urban areas will continue to rise, skyrocketing to an 

alarming number of approximately 5 billion persons by the year 2030. This will be five 

billion of the world’s 8.1 million people, sixty-two percent of the world’s population. As 

urban areas continue to expand rural areas populations were expected to decrease as they 

were expected to lose approximately 155 million people between the years 2015 and 

2030 (http://www.unhabitat.org). 

Throughout the regions the cities with less than 500 000 urban dwellers and those 

with number of persons between 1 and 5 million will be the cities that absorb majority of 

the urban population globally within the future. Thus as it stands, development and 

urbanization are intricately intertwined and investments and infrastructure is needed in 

order for both to occur and to proceed on a sustainable level. Cities are now a vital 
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portion of the competitive universe, economic activities within the cities currently 

account for 50 percent to 80 percent of all economic activities. Since urbanization is a 

force that brings a diverse group of people together, there is a creation of economic 

activities at a higher and more complex level along with more specialized economies and 

a variety of social functions. Taking into consideration that the urban society has such a 

significant impact on the social, cultural and economic environment it is vital that there is 

the provision of productive jobs for a population that is growing at alarming rates. It is 

also imperative that small scale businesses are supported by the local government, 

because these businesses contribute significantly to the economic wellbeing of urban 

areas by producing a significant proportion of goods and services. Mutually important is 

that proper shelter, land and infrastructure are provided to improve the quality of and 

economic development and to encourage investments. (Office of Housing and Urban 

Programs 1998). 

1.1 Cities in the USA 

The largest cities within The United States of America produces more than 80% 

of the nations employment, income and production good and the services provided, these 

goods and services serve as a gateway for 83 percent of the nation’s merchandize which 

are exported (Stren 2001). The United States has been experiencing rapid growth in a 

large proportion within its cities. In 1992 out of the 282 Metropolitan Statistical Areas 

(MSAs) within the Unites States, 39 of these MSA’s experienced growth rates of 

approximately 20 percent between the period of 1980 and 1986. Of the ten most rapidly 

growing cities, two were located in Texas. Austin was ranked 6th of the ten fastest 

growing regions, and had experienced a growth of 37.5 percent, within the six year 



4 
 

period mentioned. The growth was largely experienced in Travis County; population 

within Travis County was approximately 551,000. McAllen-Edinburg-Mission was 

ranked 9th and experienced 33.6 percent growth, within the same six year time period (C. 

Roberts 1992).  By 2000 the population in Travis County had risen to 812,280, a change 

of 34 percent (http://factfinder.census.gov). Travis County by 1986 had already been 

urbanized, which meant that all the growth that occurred after 1986 was now being spilt 

over into the neighbouring counties. Palm Beach County like Travis County is 

experiencing very rapid urban growth. In 1990 Palm Beach County had a population of 

863,518 within a decade the population had skyrocketed to 1,131,184 a change of 24 

percent within a ten years time span. 

1.2 The Study Area 

The study is based on the city of Boca Raton (in Palm Beach County) which is 

located in the state of Florida, (figure 1). In the early 1900’s the city of Boca Raton was 

predominantly a small resort and agricultural community. During the 1930s and 40s, 

Boca Raton became known chiefly for its vegetable crops, especially the green beans 

which became popular in markets in the northern section of the country. In the late 

1960’s to early 1970’s South Florida experienced a boom in land development, this was 

the start of the transformation of many agricultural lands in developed areas. In Boca 

Raton this great development was spear-headed by Arthur Vining Davis who was 

associated with the Alcoa Bauxite Industry. Davis bought large expanse of agricultural 

lands to construct his developments, concentrating mainly towards the eastern section of 

the city (Boca Historical Society).  

There has been some level of discrepancy where the exact population of Boca 
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Raton is concerned, and whether or not the population statistics which have been given 

takes into account the entire Boca Raton boundary, or just what was considered the city 

limits at the time. The general population of Boca Raton in 1970 was approximately 28, 

506, in 1973 it rose to 41,000 (this statistical information probably included population 

outside the city limits), and in 1975 the population again skyrocketed to an alarming 

52,000 (again probably includes population outside the city limits). The area in the 

1970’s was predominantly rural, consisting mostly of farmlands, by 1988, more than fifty 

percent of the farmlands had disappeared and by the year 2000, practically all the 

farmlands were lost to urbanization. 

1.3 Purpose of the study 

The purpose of study is to map and determine the rate of urbanization in the city 

of Boca Raton FL, during the period 1973 to 2002. How, where and in what direction 

growth occurred is very important as it can aid in helping local government officials plan 

to accommodate the escalating levels of population increase, due to the growth that 

occurred during urbanization. It is also vital to use numerous methods to detect the trend 

and magnitude of growth, to compare the result of each method to determine not only 

which gives a more accurate account, but which also provides data that is easily read and 

analyzed. This is what this research seeks to obtain, to develop a technique that can 

successfully map urban growth and to produce data that can be easily analyze and 

visually understood. 

The research is multi-temporal, mapping the urban growth of the city over a thirty 

year period from 1973 to 2002.  The data used consists of satellite imageries: 1973 

Landsat MSS, 1978 Landsat MSS, 1988 Landsat TM, 1995 Landsat TM and 2002 
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Landsat TM images. The research is dissected into three sections. The first is a textural 

analysis of the satellite images to delineate the urban areas; gave the necessary data as to 

the areas that was urban in each particular time period. From the textural analysis, tinted 

overlays were also created to allow the easy analysis of urban growth while identifying 

the urban feature of the urban areas. The second category of the study is the thematic 

maps. Taking into consideration that the majority of a region population lived in urban 

areas, it was deemed necessary to calculate what the urban population density was for the 

study area. Two thematic maps were created: a general choropleth map and a dasymetric 

map. The two was compared against each other to determine which one more accurately 

depicted the population distribution for the study area for the study area. The animated 

map was the third section of this paper, looked at the advantage of creating animated 

multi-temporal map, using urban areas that have been dissected from and aerial map in 

one version and tinted overlays of the urban area for the various time periods (single 

coloured and multi-colour coded dates) in two other versions. 
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CHAPTER 2 

2.0 Literature Review 

The focus of this study is to map the urban growth within the city of Boca Raton 

Florida over a thirty year period 1973 to 2002. Three main applications will be used to 

carry out this procedure; they are dasymetric mapping, textural analysis and animated 

maps from the various growth periods to give a visual effect of what the growth has been 

like over the past several decades. This literature review will be dissected in three main 

sections. The first will be on dasymetric mapping, the second will be on urban growth 

analysis and the third will be focused on the use of textural analysis in defining urban 

areas. 

2.1 Dasymetric Mapping 

Dasymetric mapping will be used to determine, the population density of the each 

tract boundary in the city of Boca Raton. To perform the dasymetric mapping procedures 

information from the 1970 census tract will be used. The assumption of normal 

choropleth mapping is that population distribution is homogenous across the spatial unit. 

Dasymetric mapping is a procedure that subdivides the spatial unit into populated and 

unpopulated areas. It is acknowledged that population distribution is not uninterrupted 

and continuous, as such a simply choropleth map would not suffice as it serves to give 

the impression that population is evenly distributed throughout the various census tract 

boundaries. Thus dasymetric mapping is employed as it shows marked changes
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in the variables that are being mapped. The concept was first published by John K. 

Wright in the Geographical Review, “It is a map of the type to which the Russians have 

applied the term ‘dasymetric’ (density measuring)”, (John K. Wright,1936). In John K. 

Wright article ‘A Method Of Mapping Densities Of Population: With Cape Cod As An 

Example’, he first produced conventional choropleth maps of the population density of 

Cape Cod, map in which the spatial unit is the undifferentiated township. This of course 

was not by any means realistic, has he stated that anyone who has ever visited the region 

would know that there were really large areas of land that were not inhabited. Areas that 

proved to be uninhabited were either wastelands not being farmed or areas occupied only 

parts of the year by summer residents. John K. Wright also stated that another method 

that could be used to plot population density is the well known dot density method, where 

the total population of each township would determine the number of dots placed within 

its limits. These of course may be distributed in a manner that is believed to be the actual 

distribution of persons living within exact locations, though dots may be a correct 

statistical representation, the individual dots may not represent the exact population of the 

areas in which they are placed. The advantage of the dasymetric map is that it takes into 

consideration sharp contrast and or changes in data; it provides definite figures with 

which one may refer to for a specific region. In other words dasymetric mapping displays 

statistical data in zones that are meaningful as it seeks to accurately display data 

distributions. John K. Wright discovered that using dasymetric mapping along with 

dividing the area of Cape Cod into tracts proved to be much more accurate when 

calculating population density as compared to the conventional population map 

calculating entire townships at a time.   
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Cory L. Eicher and Cythia A. Brewer in their article ‘Dasymetric Mapping and 

Areal Interpolation: Implementation and Evaluation’, used dasymetric mapping. Eicher 

and Brewer used six socio-economic variables that reflected different aspects of 

population distribution designed for their study area which encompassed 159 counties 

within the eastern U.S. using county choropleth data and also ancillary land-use. These 

counties were located in sections of four different states; Pennsylvania, West Virginia, 

Maryland and Virginia- and the District of Columbia. Both polygonal (vector) and grid 

(raster) dasymetric methods were tested in the process of evaluating map accuracy. This 

was done using both statistical analyses and also the visual representations of errors, 

(Eicher and Brewer 2001).  As according to Eicher and Brewer the use of Geographic 

Information Systems (GIS) for modern mapping has revitalized and renewed overall 

interest in the dasymetric mapping procedures however, the lack of standardization in 

production method is, however, a milestone and as a result has resulted in the prevention 

of  wide spread use of dasymetric maps in GIS. Rarely can one find an article that 

combines the use of both GIS and dasymetric mapping procedures that uses standard 

procedures. Most articles that can be found mentions in one way or another, the lack of 

focus on the production of dasymetric mapping and or dasymetric mapping procedures 

with a combination of GIS. There may be a solution to these obstacles, it involves aerial 

interpolation. Areal Interpolation does not focus on the production of maps, but involves 

structured evaluation of methods that are related in calculation approaches. One of the 

goals of Eicher and Brewer was to create a connection with aerial interpolation and 

dasymetric research. The large study area was chosen because it allowed for analyses 

using the counties as observations; this particular study area was chosen because it 
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contained a variety of land uses classes and it ran across major landform regions which 

included coastal plains, ridge and valley province and also the Allegheny plateau. This 

particular study also deliberately avoided the very large metropolitan areas like New 

York (which may served to overly skew the error summaries), but to still include major 

and significant metropolitan regions such as Washington, Baltimore, Pittsburgh and 

Richmond.  Basically the study consisted of assigning percentages of the county’s entire 

population to a particular given land-use in a county. They assigned for example 70 

percent of the population in a given county to urban, 15 percent to agriculture and another 

15 percent to woodlands. This though it may have improved their level of accuracy had a 

couple weaknesses: the percentages had been subjectively approached and the method 

had not accounted for differences that there might have been among the three land-use 

classes within a given county. 

For the grid method, a 100 percent of the data of the county was assigned only to 

the areas of interest, which was the urban areas, agricultural areas and woodlands and no 

data was given or assigned to other classes such as areas that were water or forested. 

Therefore the area had been divided into two classes, inhabited versus uninhabited. 

Eicher and Brewer believed that the advantage of this method was the simplicity it 

offered. 

Eicher and Brewer in their research came to the conclusion that when GIS is 

implemented into the process of producing dasymetric mapping the results are more 

accurate. The mere availability of GIS and its various applications for producing 

dasymetric maps have made the production more pragmatic.  The errors that they 

received from polygon dasymetric maps were not of significant difference from those 



12 
 

received from the grid dasymetric maps. The grid dasymetric maps however, have proven 

however to be less popular. There researched showed that being able to visually inspect 

the dasymetric maps and the error maps supported statistical analysis section of the 

research and  served to offer additional insights the how useful dasymetric maps can be. 

The possibly is though that the success that they received in the research may be have due 

to the fact their approach was customized. 

‘Generating Surface Models of Population Using Dasymetric Mapping’, by 

Jeremy Mennis focuses on using dasymetric mapping and incorporating areal weighting 

and empirical sampling techniques to assess categorical ancillary data (which is 

generated from urban land cover data derived from remote sensing) and U.S. Census 

block group data. The study area is concentrated in the SE Pennsylvania region. Though 

Mennis uses the necessary needed information from U.S. Census his concern is that 

datasets received from the U.S. Census is usually aggregated which results in a number of 

analytical issues. One such downfall of aggregated datasets is, ‘the typically arbitrary 

nature of the areal unit partitioning’. As according to Mennis the possibility is that the 

modifiable areal unit problem (MAUP) is one of the most prominent issues. MAUP is an 

issue ‘defined as a situation in which modifying the boundaries and/or scale of data 

aggregation significantly affects the result of spatial data analysis’.  An additional 

problem which results from MAUP is the misrepresentation of population density in 

census block groups. Mennis believes that surface based demographic representation of 

data is one possible solution. Mennis states that one of the problems of creating 

population surface from areal unit data is that of areal interpolation, the transformation of 

geographic data from one set of boundaries over to another. This interpolation method is 
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used to compare two or more datasets that that have been stored in compatible units. 

There was the use of remotely sensed ancillary data which was used to redistribute the 

population into a raster grid format. Though remotely sensed satellite data may not be 

able to indicate the density of a population it can indicate the morphology of areas, 

whether they are built-up versus non-developed. Like Eicher and Brewer, Mennis use a 

three-tier classification of the urban land cover as his ancillary data, which he then used 

in the in a dasymetric mapping framework. The urban data was converted to a 100 meter 

resolution. The grid cell resolution served as the resolution for the final raster population 

surface. One has to chose and decide carefully when choosing a grid size because the 

resolution needs to fine enough so as one would be able to capture the variation spatially 

of the population with the area of interest. It the grid size proves to be too large that it 

exceeds the smallest areal unit in the original population data, valuable data might be lost. 

Mennis then distributed the population of each block group to each grid cell in the 

population surface, this he did based on two factors: the three urbanized classes (high, 

low and non-urban),  and the relative difference in their population densities and the 

percentage of the total area occupied by each of the three urbanized classes. To determine 

the difference in population density in the three urban classes, the population density 

values or each were sampled, which entailed the selection of all block groups contained 

in each class and calculation their aggregated population densities. 

Like John K. Wright, Mennis dasymetric mapping can definitely enhance data 

accuracy.  The redistribution of population is particularly obvious in the center of the area 

where the raster surface is obviously concentrated within a number of high urbanized 

areas. 
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Jeremy Mennis and Torrin Hultgren wrote a similar article, ‘Intelligent 

dasymetric mapping and its application to areal interpolation which presented a new form 

of dasymetric mapping. This he referred to as “intelligent” dasymetric mapping technique 

or IDM.  Here the researchers’ uses data driven methodology to specify the functional 

relationship between the ancillary data and the statistical surface being mapped. “The 

data-driven component of IDM employs a flexible empirical sampling approach to 

acquire information on the data densities of individual classes, and it uses the ration of 

class densities to redistribute population to sub-source zone areas”. Here dasymetric 

mapping is using an ancillary data set and brining or disaggregating this data from coarse 

resolution to fine resolution, (Eicher and Brewer 2001) in other words it serves to provide 

a more detailed account of small area population density than areal interpolation. As 

according to Mennis and Torrin, modern cartography information define dasymetric 

mapping as the process by which statistical data is displayed by thoroughly partitioning 

space in zones, these zones are used to show the statistical variation in the space. Four 

population variables are used to demonstrate IDM and also to provide visual assessment 

and quantitative assessment. What Intelligent Dasymetric Mapping does is that it takes as 

an input count data that has been mapped to a set of source zones and a categorical 

ancillary data set, and then re-distributes this data to a set of target zones formed from the 

intersection of the source and also the ancillary data. The data is redistributed based on a 

combination of areal weighting and also relative densities on the selected ancillary 

classes. Mennis and Torrin came to the conclusion that preset data density estimates, 

vastly improves the accuracy of areal interpolation as compared to simple areal 

weighting. They also observed that in their error assessment that greater areas of blocks 
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were subjected to overestimation, as compared underestimation. The error assessment 

reflected that relatively large rural blocks had a tendency to be overestimated and 

relatively small urban blocks had a tendency to be underestimated (Mennis and Torrin 

2006). 

Like Eicher and Brewer, I will be dividing my data into two categories, urban and 

non-urban, considering that majority of a city’s population resides in urban areas, the 

population for census boundary will be divided within its urban areas. This will help to 

give display a more accurate statistical description of what the population density has 

been like for the early 1970’s. 

2.2 Urban Analysis 

Urban growth is a growing issue in many countries across the world. It has had 

both its positive and negative effects. It has led to a number of issues including: 

uncontrolled population growth, which has in turn led to loss of agricultural lands, 

increase levels of unemployment, scarcity of food increase, growth of informal sectors 

and disruption of the ecological cycle. Therefore, monitoring urban growth is essential as 

this will aid in implementing appropriate measures to mitigate the negative effects of 

urban growth. Remote Sensing is a dynamic science which can be used for multiple 

purposes, such as the monitoring of urban growth.  

It was not until recently that remotely sensed satellite was used in urban studies, 

this was mainly due to low spatial resolution of the image data. In this section we will be 

looking at multi-temporal remote sensing techniques which have been used to map urban 

growth in particular regions. A number of satellite images from remote sensing satellites 

of varying dates have been used to tract the rate of urban growth.  
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‘Analysis of urban growth using multi-temporal satellite data in Istanbul, Turkey’ 

by D. Maktav and F.S. Erbek, assess the level of urban growth of Istanbul which is 

located in Turkey, using multi-temporal remote sensing data to detect the areas that have 

been affected, to show how these areas have been affected (land use conversion) and to 

what extent changes have occurred. Turkey is experiencing uncontrolled population, 

which in return has resulted in the region experiencing a number of problems such as 

informal settlements and increase levels unemployment. Istanbul, being the largest city in 

Turkey, and offering the best economic prospects has borne the blunt of the increase in 

urbanization. Buyukcekmece, the main study areas is one of the main administrative 

districts of the thirty-two that form the city of Istanbul and has been vastly influenced by 

urbanization for years due to increase migration. Legal or not urbanization has resulted in 

vast amounts of agricultural land and other green space being converted into villas and 

apartments to accommodate the increase in population.  

To carry out the research and for visual analysis and interpretation of classified 

results the Landsat Thematic Mapper (TM), IKONOS, and SPOT was employed. Data 

used were from Landsat TM dated June 12, 1984 and April 16, 1998. The IKONOS 

XS+Pan dated February 13, 2002 and SPOT dated July 11, 1998. Both Landsat TM data 

were rectified using 1:25000 scale topographic sheets with the automatic registration 

process. For the geometric registration 15 ground control points (GPS), first degree 

nominal equation, resampling to 4m using the cubic convolution was done, with a +/- 0.5 

and 3 registration accuracy for Landsat TM and IKONOS XS images respectively. 

Landsat classification was done separately and all bands except the thermal band were 

employed. For both dates, settlements, fields, lake and sea, forest, stones quarries and 
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industries were taken into consideration. To decrease the possibility of misclassification 

and classification accuracy was performed after each classification process. Landuse 

changes were identified by using change detection methods, such as: image rationing, 

change detection and classification comparisons. Landsat band three was used because it 

is the most appropriate band for detecting culture/urban features. The IKONOS data 

zoomed in on and evaluated the changed that had occurred between the period of 1998 

and 2002 using the Normalization Difference Vegetation Index technique, known as the 

(NDVI) (NDVI=NIR-R/NIR+R). 

The results of the findings were astounding showed the magnitude of urban 

growth that was taking place in Buyukcekmece, Istanbul. The population growth of 

Istanbul especially cities that offer greatest economic opportunities like Buyukcekmece 

grew between the period 1970-1985, but exploded after 1985. The growth rate was 

alarming and was estimated at 1000% between the period of 1985-1997. It was observed 

that a great number of changes had occurred especially in increase settlements and 

industrial areas. Lake lakes have also been reported to be consumed by industrialization. 

Results from the Landsat image showed that 93% of the Istanbul area was 

covered by agricultural fields, however, that percentage decrease to approximately 63%.   

It has been calculated that there is a difference of 28.3 ha of land use change between 

dates, however, as according to D. Maktav and F. S. Erbek, 5.4 ha of this area could have 

been misclassification.  ‘Principal component analysis of stacked multi-temporal images 

for the monitoring of urban expansion in the Pearl River Delta’, by X. Li and G.O. Yeh, 

 Another recent article by X.Li. and G.O. Yeh (Li and Yeh 1998)focuses on urban 

growth in The Pearl River Delta which is located in China. Similar to Istanbul Turkey, 
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the Pearl River Delta is experiencing rapid urban growth which has resulted in loss of 

valuable agricultural lands. Li and Yeh stated that there is a pressing need to monitor 

urban expansion to increase urban planning and management processes. Multi-temporal 

analysis in remote sensing was used monitor the growth.  

The main study area is known as Dongguan and though it is one of the newer 

cities of the region (it was upgraded from an agricultural county to a city in 1985), it is 

one of the fastest growing, mainly due to the fact that it is in close proximity to Hong 

Kong. The property boom in Hong Kong has resulted in a property boom in Dongguan.  

Landsat TM images were used for land change detection dated December 10, 1998 and 

November 22, 1993. Five bands were selected in both images bands 2, 3, 4, 5, and 7. 

Band 1 was unavailable for both dates due to the severity of atmospheric attenuation. 

Digital relief maps scaled 1:50000 were rectified using 25 GCPs. A simple and fairly 

common method of landuse detection is to compare at least two separate dated images of 

the same study area. Prior classification is not a necessity, and classification errors can be 

avoided if it is not done. Post classification will allow one to see not only the amount, but 

also the nature of change that has taken place. Curvature of the earth, atmosphere sensor 

platform and solar evaluation angle can all produce some level of distortion, to avoid 

such distortion which will increase the possibility of errors, image processing such as 

atmospheric correction and geometric correction can be employed, these methods help in 

the comparison of images. However, according to Li and Yeh, atmospheric calibration 

data were not available for the TM images of the study area, thus temporary invariant had 

been used instead for radiometric rectification. The data was then converted to reflective 

values, this allowed variation in gain and offset between sensors to be removed. The gain 
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and offset was applied to each band of the images to convert digital numbers (DN) to 

reflectance values. The calculation of the conversion was done by using the formula        

‘Reflectance= (DN)-offset)/gain’.  

The results of the multi-temporal analysis and which were observed indicated that 

there is was increase in the number of built up areas and also construction sites, marked 

by yellow and red. Numerous land conversions has taken places which has intern led to 

loss of valuable fertile soil. Land use changes in cropland, from barren soil to 

construction sites, from water to construction sites, from orchard to cropland, from 

orchard to built-up areas, from water to built-up areas, from forest to barren soil and the 

list continues.  

A very interesting study was done on the urbanized portion of Washington DC 

Metropolitan Statistical Area, including the District of Columbia, all or parts of 

Montgomery, Prince George’s, Charles Counties in Maryland, Fairfax, Arlington, Prince 

William and also Louden Counties in Virginia.  A 25 years Landsat archive was used to 

estimate urban growth for the Washington DC area, these growth estimates were then 

compared with historical records of regional economic and demographic changes during 

this study period. Landsat scenes were obtained from 1973, 1985, 1990 and 1996. The 

image processing incorporated the use of PCI software integrated with census data 

plugged into ArcInfo and ArcView GIS. According to J. G. Masek et al in their article, 

‘Dynamics of urban growth in the Washington DC metropolitan area 1973-1996, from 

Landsat observations’, there are a number of land cover change detection techniques. 

These change detection techniques are detection of changes in independently produced 

classification and the other is to determine change directly from radiometry. J. G. Masek 
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et al have obtained improved estimates for growth by the second method. They also used 

specific approaches such as band by band image differencing, image rationing, change 

vector analysis and vegetation index differencing. NDVI was also used to measure the 

rates of urban growth.  The research proved that urban growth is related to socio-

economic trends and also the outcome of local policies.  The built up area around 

Washington DC expanded at an alarming rate of 22km2 per year, with growth rates 

increasing during the late 1980’s. “Comparisons with census data indicate that the 

physical growth of the urban plan, observe from space, can be reasonably correlated with 

regional and national economic patterns”, J. G. Masek et al. TM and MSS proved to be 

extremely viable when attempting to measure and view urban growth periods. 

It has been recognized that every year land is being lost to the increase in urban 

growth. Urban growth has become a major issue in many metropolitan areas. Many times 

even planned urban areas experience this problem due to underestimation of possible 

growth, as a result these area experience increase levels of, degradation of valuable 

agricultural lands. This problem of urban growth has shown that there is great need to 

monitor rapid urban expansion in order to implement mitigative measure to reduce its 

negative effects and to input preventative measures for areas that have yet to experience 

the pressures of urban growth. Remote sensing is a dynamic field and can be used for a 

variety of purposes. As shown multi-temporal analysis of satellite images is very suitable 

for the detection of land use/land cover changes as it allows much needed comparison to 

be made. 

2.3 Textural Analysis 

A technique that has become important in assessing land cover/land use is that of 
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textural analysis. Geographical Information Systems (GIS) and remote sensing provide 

the tools with which one can do this. Aerial photographs interpretation has been and 

continues to be the standard tool for the mapping and the interpretation of land use/ land 

cover at detailed scale. Satellite imagery classification is based on the reflectance value of 

the imagery (C. Roberts 1992). More recently researchers have used textural features in 

combination with spectral information to carry out land cover mapping and have received 

positive results. High resolution images may result in the spectral heterogeneity of the 

types of land uses. The spectral disparateness may result in difficulty spectral 

classification that is based on a pixel by pixel level.  Spatial context of pixel will have to 

be taken into consideration where there is not adequate information about spectral 

characteristics of the pixels. “The most traditional are statistical approaches, which are 

based on the measurement of the occurrences of each level value in a particular 

neighbourhood… or filter- and wavelet- based texture analysis”,  (R. Cots-Folch et al 

2006).  It is believed that the use of neutral networks is very useful especially in when 

one is attempting to carry out a task such as measuring grey level values in certain areas 

or even filter or wavelet based texture analysis because, they provide a method of 

detecting non-linear features, complex relationship between land cover types and even 

and even land cover types which would not have been easily identified before using just 

the ordinary traditional statistical methods of analysis. With the use of wavelet transforms 

for the classification of texture there is a heavy reliance on documented known textures 

which can be used to classify the unknown textures. This concept was realized by Ma 

Manjunath who literally created a thesaurus of textures which could be used to readily 

identify wave-derived textures found in large images. In their research R. Cots-Folch et 
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al, “Mapping land cover from detailed aerial photography data using textural and neutral 

analysis”, they attempted to use textural analysis of very detailed panchromatic aerial 

photographs, being 5m resolution. They intended to draw historical land use/land cover 

data. An accuracy assessment was conducted on predicted land use maps. To improve 

their results, post classification map revision was conducted of the classes that had very 

small areas on the study and low accuracy levels, such as the roads, water and urban 

features. Based on training procedures that were conducted before the researchers choose 

to use an operating window 0f 20x20 pixel size for the textural classification, because it 

was similar in size to that of other researchers when they conducted their textural 

classification, (R. Cots-Folch et al).  

Neutral network method when visually examined showed that the result were 

fragmented giving a salt and pepper effect for the years 1986, 1998 and 2003, which the 

authors believed could have been solved with the introduction of the neighbourhood 

effect and also the landscape in the mapping procedures. Three confusion matrices were 

conducted along with errors of omission and commission to asses which classes had a 

higher tendency of being mixed in with other features. The confusion matrices proved 

that the neutral network method provided accuracies of 70%-74% with references to data 

and also that there had tended to be a bias toward certain land cover because of their 

similar textural properties leading to misclassification. However, as according to R. Cots-

Folch et al this method could not identify roads, river and urban probably because of high 

textural contrast and also the small size of area that these features occupied. The results 

of the map based on the neutral method showed that this method of analysis gave the 

impression that the land use of an area are fragmented, than they really are in reality. 
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In their article “Improvement of classification in urban areas by the use of textural 

features: the case study of Lucknow, Uttar Pradesh”, Shaban and Dikshit used both 

digital and spectral and textural classification on an Indian urban environment. SPOT 

images were used with grey level co-occurrence matrix (GLCM), grey level difference 

histogram (GLDH), and also sum and difference histogram (SADH) approaches. Based 

on their researches from other authors (Toll and Kennard 1984), focusing on textural 

analysis, they stated that improved spatial resolution does not necessarily guarantee a 

better classification of urban environments with just the conventional spectral 

classification. Finer resolution will result in greater number of ‘pure pixels’, which will in 

turn result in a number of mixed pixels. Even though it may be expected that the 

classification accuracy should increase, finer spatial resolution will result in a larger 

number of more obvious sub-class elements. Finer spatial resolution causes increased 

inconsistency in class correspondence which entails the land cover units. In decrease in 

the ability to separate the spectral characteristics of classes will in turn result in lower 

classification errors. Thus the kind of environment will aid in the determination of 

classification accuracies if spatial resolution becomes finer. There are two methods of 

analysis which can be used in the class classification process they are region based and 

window based classification. Region based includes image segmentation and image 

labeling; these are useful in heterogeneous environments. Window based includes pre-

classification, post classification which uses filter to reduce noise levels and contexture 

classifiers which uses ‘complex parametric models. 

The study sites for Shaban and Dikshit research were two cities one in Lucknow 

(India) and the other located in Assuit (Egypt). The cities are apparently good examples 
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of rapidly growing urban regions based in two developing countries. The cities showed 

vast similarities based on a number of investigations that were carried out. However, the 

difference lies in the magnitude of improvements by use of textural features (Shaban and 

Dikshit 1999). Apparently Assuit is a better planned city and thus shows impressive 

results with spectral classification, these classifications are improved with the addition of 

textural classification. The final results of the research proved that textural feature 

produces better results when combined with spectral features, especially when 

classifications are being conducted on an urban environment.  

Usually single texture features produce very poor results and classification 

accuracy can be improved with an increasing number of textural features until three is a 

combination of feature up to three and four. The more texture features are found in the 

combination the smaller will be difference between different combinations (Q. Zhang et 

al 2002). To test their theory Q. Zhang et al carried out their research in the city of 

Beijing, studying urban patterns from a panchromatic imagery and using textural 

analysis, like Shaban and Dikshit (Shaban and Dikshit 1999) they used grey level co-

occurrence matrix (GLCM) with eight textured features.  

2.4 Conclusion 

There have been numerous ways in which researchers have attempted to map the 

urban growth of growing cities. Dasymetric mapping has proven to be one such method 

as urban regions host the larger percentage of any or cities population. The use of 

dasymetric mapping gives one a greater understanding of where it is a city’s population is 

concentrated instead of giving the false impression that the population concentration is 

homogenous. The growing urban regions have lead to a number of major environmental 
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issues which is not the focus of this paper, however it makes sense to have some 

knowledge of where it is that urban regions are concentrated and if possible to predict 

where it is that these areas will spread to. This knowledge will give authorities the 

necessary information that is needed which can be used to implement proper measure so 

as to reduce and mitigate the negative effects which are as a result of uncontrolled or 

unplanned urban growth. The third and final focus of this review is textural analysis, 

which can be used to map land cover/land use from an aerial and satellite imagery. There 

have been a number of techniques used to perform textural analysis, many have 

incorporated the use of spectral features. One thing that have been consistent throughout 

the review is that when one is considering textural analysis, consideration of the area/unit 

is necessary , one needs to device the proper techniques which may be needed to achieve 

the necessary information, for that particular region. 
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CHAPTER 3 

3.0 Methodology 

 

The study area is located in the city of Boca Raton, Florida. A series of five 

Landsat scenes were obtained for southeast Florida, including the first cloud free scene 

gathered in 1973, and also including one of the last cloud free scenes gathered from 

Landsat 7 in 2002 (prior to the failure of the scan line corrector). These dates were 

chosen because they included the earliest and latest images and for each date high 

resolution aerial photographs were available to use in a virtual ground-truthing procedure. 

3.1 Textural Classification 

Textural Classification tries to overcome or get around the problem of usual 

machine interpretation where the computer read data as a string of numbers without 

taking into account local context. Humans however are able to patterns, shape, texture, 

shadow, context and association. Thus suburban land use, consisting of trees lawn 

rooftop and concrete all produce a specific image texture that normal classification 

procedures do not take into account. It is these elements that we often use to determine 

the significance of the spectral signature of a feature that we are interested in. The 

machine interpretation however, is based solely on the spectral characteristic of the data 

in which one is interested. One can induce other elements of image interpretation by 
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doing a supervised classification (used in this research) as compared to an unsupervised 

classification.  The computer is very adept to classifying low frequency information 

(homogenous land cover), but not with high frequency (mixture of land covers), however, 

textural classification is very useful in mapping high frequency especially since it seek to 

group pixels of a particular colour tone whichever the researcher sees as appropriate and 

assign a particular class to that training field. One can look at these groups of classes as 

being information classes and not just spectral classes. 

The study covers a thirty year time period that represents the lifespan of the 

Landsat satellite system. Five Landsat images were selected to be used in this multi-

temporal analytical study. The satellite images that are used in this study includes: 1973 

MSS (Multi- spectral scanner), 1978 MSS, 1986 TM (Thematic Mapper), 1995 TM, and 

2002 TM. All the images were rectified to the Palm Beach County Engineering 

Centerline Road County. Image rectification involves the establishment of ground control 

point which that links each image to a corresponding coverage which serves as the base 

map. Road are usually referred as reference points as compared to natural features. 

Whenever accuracy, direction distance measurements are requirements image to map 

rectification is the preferred function, (John Jensen 2005).  To ensure that land area for all 

the images were in appropriate proportion and size, all the images were subsetted to the 

same size in land area. This procedure ensure that information received from the images 

would not be incorrect based the fact that the land area in the images were 

disproportioned.  

The images were all re-sampled. The 80 meter was re-sampled were re-sampled 

to 40 meter to make the data closer to the  30 meter spatial resolution of the later 
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Thematic Mapper imagery. The re-samplings were done because the textural 

classification worked well with 30 meter resolutions. A 3x3 mean filter was applied to 

the 30 meter images, creating spectral information for 90 meters by 90 meters centered 

around each pixel whose spatial resolution is 30 meters represents 90 meter by 90 m.  

 

3.1.1 Textural Minimum Distance Classification 

Supervised classification was performed on each of the images. Textural 

classification is achieved by taking textural training fields of each image texture class 

found on the images for each date, the textural training fields consisted of multiple 

categories that were recoded to four categories. These were: water, vegetation, residential 

and urban. Water was assigned a classification colour of blue, residential was assigned 

tan, urban was assigned tan and vegetation was assigned green. All the texturally 

classified images were ground-truthed. Table 1 shows each Landsat image used and what 

data source was used to do the groundtruthing. 

The categories that had been used for the texturally classification was further 

grouped into two main categories urban and non-urban. It had seemed fitting to aggregate 

the textural classification groups especially considering the researcher’s main focus of the 

research is mapping urban areas within the study area. Therefore residential and urban 

areas are grouped into category called urban and water and vegetation are grouped 

together into a separate category referred to as being non-urban. This allowed the 

researcher to be better able to focus on one main urban group instead of two groups 

(urban and residential). The images were then brought into Erdas Imagine and recoded. 

The urban areas were given a value of one and the non-urban areas given a value of zero. 
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Once the recoding was complete the images were the converted from raster to vector 

images. This would allow the researcher to edit the polygons within the images as it was 

deemed necessary. 

3.2 Satellite images and Ground-truthed data 

Satellite Image Ground-truth Data Image Scale 
 

Landsat MSS 1973 1973 Fla DOT aerial photographs 1:20,000 
 

Landsat MSS 1978 1978 Fla DOT aerial photographs  
1:20,000  

Landsat TM  1986 NHAP CIR aerial Photographs  
1:58,000 

Landsat TM 1995 NAPP DOQQs  
1:40,000 

Landsat ETM 2002 Field Checked  

Table 1 Satellite Imagery and aerial photography  

The Fla DOT is the Florida’s Department of Transportation. The NHAP was a 

program which had been coordinated by the U.S. Geological Survey and ran a five year 

span, ranging from 1980-1989 (http://edc.usgs.gov/guides/nhap.html). The USGS had 

coordinated this program in an effort to eliminate photograph duplication within 

government organizations. The NAPP is the National Ariel Photography Program is a 

interagency Federal effort and coordinated by the NAPP which is uses NAPP products to 

revise maps. “The NAPP program encompasses the entire lower 48 states and Hawaii. 

The photos are acquired from airplanes flying at an altitude of 20,000 feet using a 6 inch 

focal length camera resulting in a scale of 1:40,000. Each 9-by 9-inch photo (without 

enlargement) covers an area of slightly more than 5 miles on a side. The NAPP program 

began in 1987 and replaced the National High Altitude Photography (NHAP) program 

which was initiated in 1980. Flight-lines for the NAPP program are flown in a north-to-
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south direction through the east and west halves of 7.5-minute quadrangles. The original 

purpose of the NAPP program was to provide the U.S. Geological Survey with accurate 

and cloud-free photographs which would assist them in the creation and revision of USA 

topographic maps. NAPP photographs are obtained on 9-inch film from an altitude of 

20,000 feet above mean terrain elevation, and are centered on quarters of 7.5-minute 

quadrangles. Strict specifications regarding sun angle, cloud cover, minimal haze, 

stereoscopic coverage, and image inspection were followed. All NAPP photography is 

cloud-free”, (http://edc.usgs.gov/guides/napp.html).   

3.3 Creating the Urban Polygons in ArcGIS 

The vector images were imported into ArcGIS, the inquire tool was used to 

identify the urban and non-urban polygons. The polygons that were found to be non-

urban were deleted from the vector coverage, leaving only the urban polygons in the 

imagery. 

The vector coverages containing only the urban polygons were overlayed over 

their respective satellite imagery and an additional round of ground-truthing was 

conducted. The 1973 vector coverage was overlayed with the 1973 MSS image, the 1995 

vector coverage was overlayed over the 1995TM image and so forth. The urban polygons 

that were not in a ‘truly urban’ location were deleted, for example if a bare field appeared 

to be urban it was deleted, or if an urban polygon contained more than fifty percent non-

urban features, then it was deleted. The vector layer containing the urban polygons for 

each time period after they have been ground-truthed were all exported as shapefiles. The 

polygons were exported as shapefile because shapefile store attribute information for a 

spatial feature within a data set, the spatial information that is being preserve in this 
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particular data set are the urban polygons. Shapefiles are easy to read and write and can 

support area, point or even a line feature. When the final urban polygon shapefiles for 

each date were finished, they were then utilized in three separate projects. These are the 

Dasymetric Map, the Tinted Time Overlays, and the Animated Map. 

3.4 Dasymetric Map 

In this procedure the 1973 urban shapefiles were intersected with the attributes of 

the tract level 1970 census of population and housing. The urban polygons were overlain 

with the tract boundaries, and the dissolve command was used to merge the polygons into 

a single entity. The result is that the area of all polygons within a tract can be associated 

with the total population of the tract to produce a map of population density for the tract 

using urbanized area rather than the tract boundary. Aside from the obvious advantage of 

the dasymetric map for portraying population densities over heterogeneous population 

density surfaces, the technique may be useful for analysis, for instance the true 

relationship between where people live and the street and transportion systems that serve 

them. 

A normal choropleth will also be created from the census tract data of 1970. Each 

census tract will be divided by the population of the tract and this will produce the 

population density for each tract boundary. The choropleth map will be compared against 

the dasymetric metric map. The findings will be observed to decipher which ones give a 

more realistic impression of population distribution within the study area. 

3.5 Tinted Overlay Map 

To detect the extent of urban growth between each time period, it was necessary 

to find a way that would have allowed us to join the time periods and then to subtract the 
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previous period from the union, to show the level of growth which occurred between 

times. The Union overlay feature was used. A union overlay combine two features in two 

input layers, the two input layers are then used to create a new data set. In this process 

1973 and 1978, 1978and 1986, 1986and 1995 and finally the 1995 and 2002 were union 

together. Using the example of 1973 and 1978 union: the new data set created now 

contains urban polygons that were urban in 1973, polygons that were urban in 1978 and 

polygons that were urban in both time periods. 

3.5.1 Procedures: Joining two separate time periods 

Arc GIS was used to create the union overlay employing the Arc Toolbox. Within 

the Arc Toolbox open the analysis tool, within the analysis there is an overlay tool, 

within this overlay is the union toll which is the tool that is used to create the union 

overlay. Once we have the union box opens, in the input features, the researcher had to 

brows to the two features which were relevant to be union together and added them, an 

output feature name was chosen and appropriate folder to save the data set. In the join 

attributes selection box, the researcher chose to join all the attributes of the two data. The 

process was the executed. 

Once the union is created, fields with names such as FID_73_URB and FID_URB 

were created; these fields contain information as to what time period contained urban 

areas. Each polygon now has a value ranging from -1 upward.  If polygon # 8 has a -1 

value in FID_73_URB it means it was not urban in this time period (1973).  If polygon # 

8 has value of 1 or higher in FID_78_URB it means it was not urban in 1973 but was 

urban in 1978, the development took place between the two time periods. It must be 
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noted that polygons do have values other than -1 and 1, this simply means that the 

polygons were urban in both time periods. 

3.6 Creating Growth Period Polygons 

To be able to separate the growth period, one has to right click on the newly 

created union, this opens the attribute of the union. Once the attribute table is open, select 

the select options tab and then click on select by attribute. Within the method option 

select ‘a create a new selection’.  

This formula that is about to use is designed to select areas that were urban by 

1978 but was not urban in 1973. The polygons that will be selected will show all the 

polygons that were created after 1973 up until 1978. It is important to note -1 means not 

urban and 1 and higher means urban. 

In the fields box double click on “FID_73_URB”, then on the “ =” sign. Select the 

get unique values tab and the once the unique values are loaded select the value of -1. 

The expression “OR” needs to be selected. Double click “FID_78_URB”, from the field 

box, then on the “=” sign. Click on the unique values, select one and click apply.  

The formulae when it is written should look like this: 

"FID_73_URB" = -1 OR "FID_78_URB" = 1 

Within the data view window all the polygons highlighted are growths that 

occurred after 1973. 

Once the growth periods were established for all the time periods, they were 

overlayed on 2004 DOQQ. A colour ramp was chosen that was deemed appropriate to 

show the different growth periods ranging from red to light yellow. The transparency of 

the growth periods was set to 30%. This would allow the reader to see the features of the 
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2004 DOQQ image below. The 2004 DOQQ imagery was also modified, the contrast was 

set to 30% and the brightness set to -20%. The modification of the images allowed the 

features in the image to be visible. 

For the tinted overlay showing a single growth period 1973-1978 the transparency 

of the overlay was set to 30%. The 2004 DOQQ imagery contrast was set to 30%, 

brightness to -20% and transparency to 40%. The modification served to emphasize the 

growth that took place within the specified time period. 

3.7 Animated Maps of Urban Growth, 1973-2002 

To create an animation which portrays the transition of urban features through 

time, between frames would be needed to show the transition of the urban areas from one 

time period to another. Creation of the animation was done in Adobe Photoshop. Folders 

were created, each having two time periods saved as TIFFS e.g. folder one had 73 and 78, 

folder two had 78 and 88. Each containing the two images was brought into Adobe 

Photoshop Image Ready. In the animation box, the number of frames showing the 

transition from one time period to another was selected by selecting the tween animation 

frames option. The number of frames was determined by experimenting with various 

numbers of frames to see which ones were better at showing the transition.  The frame 

delay time was set at 0.2 seconds as it was decided that this was an appropriate time 

transition between frames. The file once all the preferences have been set is saved as a 

psd. Once all the animations have been prepared the image is brought into Quick Time all 

the dates are posted and pasted together in their relative sequence and created as a movie. 
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CHAPTER 4 

4.0 Data Analysis 

The results of the applications that were performed have proven to be very 

successful not only in delineating urban growth but also to determine the magnitude, 

direction of growth that occurred over the thirty year period and determining population 

densities in the census tract. The applications are: textural analysis, tinted overlays, 

dasymetric mapping and time series animated maps. Textural analysis was used to 

delineate urban areas, and aid in the analysis of urban growth trends, tinted overlays 

which were created from the urban polygons of the five multi-temporal Landsat images 

and were overlayed over their respective mosaics, dasymetric mapping to determine the 

population density of each census tract and finally animated time series maps which show 

growth moving across the landscape in time.  

4.1 Textural Analysis 

Throughout this study, textural analysis has proven to be a vital tool in identifying 

urban and suburban areas. There are numerous observations which have been made 

during the process of the research. In order to effectively explain and represent such 

observations and conclusions, the researcher will begin at the beginning of first set of 

observations and the analyses which have been made. 

4.11 Areas that appeared to be urban but were not 

During the process of delineating the urban polygons, it was observed on
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numerous occasions that many areas appeared to be urban, but proved to be non urban 

areas when compared to the ground-truth high resolution photographs taken the same 

year. These areas appear urban because there reflectance values are the same or are 

similar to that of urban areas. Many of these areas were actually areas that have been 

excavated, and are actually in the process of development, an example of this can be seen 

in figure 2. These urban areas/polygons were not deleted considering that they were ‘in 

the process’ of becoming urban areas and could not necessarily be considered non urban, 

since all there vegetations have been removed and it was being developed.  In figure 1 the 

black striped polygon is an urban polygon which resulted from a textural analysis done 

on the 1973 Landsat MSS imagery, it suggests that the area was either developed or in 

the process of development, but the underlying imagery is a 1978 mosaic, the land is still 

in an unfinished state. This suggests that development has halted over an extended period 

of time or has sized altogether. Over time if development does not re-commence, it is 

highly likely that this area will revert to having a non urban characteristic when 

vegetation starts to re-grow on this piece of land. Figure 3 is an image of the 1978 

Landsat MSS, it can clearly be seen that construction is in process; as a result the area 

readily shows up as being urban, though it is not. This construction phase is further 

highlighted by the fact the area undergoing development is surrounded by areas that are 

being farmed, or are just plain fields. The ‘present urban area’, as have been stated 

previously appears to be urban because like urban areas, lands that have been excavated 

will give a high reflectance value, giving the impression of and urban or developed area. 

In figure 4 which is a IMAGE of the 1978 mosaic overlaid by the urban polygons, one 

will be able to see that the area that appeared to be urban in 1973, no longer appears to be 
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urban in 1978 once the construction had been completed. This area was in reality being 

excavated to be converted into to pond and water bodies have a very low reflectance 

value. It is important to note in figure 4 around the perimeter of the pond appears to have 

excavation or development in process, this process has been captured by the textural 

classification and have been classified as urban. Note the red stripped polygons around 

the area; it is indicative of areas that appeared to be urban in 1978. 

Bare soils too have showed up as being urban on several occasions, these may 

have been areas that were once being developed, but the sites were abandoned because of 

financial, political or other reasons. Other bare soils were farmlands with no vegetation 

cover, this means there is no vegetation, no present sign of development taking place, but 

their reflectance values indicated that they were urban. There reflectance values indicated 

urban because bare soils like urban areas have high reflectance values. Reflectance is also 

affected by the type of soil and moisture content, the less moisture the soil contains the 

higher will be the reflectance value, the more moisture the soil contains the lower will be 

the reflectance value. This simply means that the bare soils that appeared to be urban had 

a high probability that the moisture content was low. These areas that were bare soils 

were kept as urban areas, if it showed signs that they were being developed but 

development was halted for some reason or another. However, if there was no indication 

that development was once taking place, they were deleted. 

The second observation that had been made was that of agricultural areas showing 

up as urban. This error in the classification occurred predominantly in the western section 

of the study area, which should have been predominantly agricultural in the 1070’s. 

These agricultural areas had high reflectance values, which serves to explain why in the 
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textural classification they gave impression that they were urban areas, though obviously, 

they were not. The suspicions of these areas being agricultural were confirmed when the 

urban polygons were ground-truthed. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2. 1978 URBAN IMAGERY: 1978 mosaic overlaid by polygons that represent 
urban areas. Black striped polygons represent urban areas that existed in 1973 
Undeveloped appearing to be urban, during classification, though it is not. Development 
seemed to have been discontinued over an extended period of time. 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. 1973 URBAN IMAGERY: 1973 mosaic overlaid by polygons that represent 
urban areas. Black striped polygons represent urban areas that existed in 1973 and red 
striped polygons represent urban areas that existed in 1978. Excavated land appears to be 
urban though it is not. 
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Figure 4. 1978 URBAN IMAGERY: 1978 mosaic overlaid by polygons that represent 
urban areas. Black striped polygons represent urban areas that existed in 1973, red striped 
polygons represent urban areas that existed in 1978. 
 
 
There are number things which could have affected the textural analysis and thus gave a 

false impression of an urban area. The classification is based on spectral characteristics. 

Bare soil field are mostly bright sand, which is spectrally similar to pavement. Since 

fields are low frequency information, all the pixels in the moving window have the same 

characteristics, and the fields are classified as urban. Fields that were covered in mature 

crops did not get misclassified as urban, only bare fields. This results in agricultural areas 

appearing to be urban in one time period and non urban in the next. However, there are 

few agricultural areas that showed up as urban in both 1973 and 1978. There are 

agricultural areas that may have appeared urban not necessarily because of its own 
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reflectance value, but because it was affected by the reflectance value of a land use 

feature that was adjacent to it. In figure 5 the farmland is adjacent to a race track which 

partly consists of bare soil, because of the bare soil, will have a high reflectance value. 

The probability is therefore high that the racetrack’s reflectance value may have had an 

influence on the farmland’s reflectance, giving the impression that the farmland too had a 

high reflectance making it appear urban. When the quantity of agricultural areas that 

showed up as urban were compared against the other images, it was found that 1973 had 

the highest quantity of agricultural areas classified as urban, as urbanization increased the 

misclassification of agricultural areas as urban decreased. The possibility may be that 

there were increasingly less agricultural areas to be misclassified; especially considering 

urbanization grew at just a rapid pace.  

 
 

 
Figure 5. 1973 URBAN IMAGERY: 1973 mosaic overlaid by polygons that represent 
urban areas. Black striped polygons represent urban areas that existed in 1973; red striped 
polygons represent urban areas that existed in 1978. Agricultural land appearing to be 
urban when textural classification is used. 
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4.2 Urban Growth trends 

In the year 1973, approximately 12 percent of the study area had already been 

urbanized. The urbanized regions however, were mostly concentrated to the eastern 

section of the study area, the central and western section being dominated by agriculture 

or idle lands. Due to the fact that the eastern section of the study area was already 

predominantly urban, the growth most naturally spread westward, into lands available for 

development. Once the direction and pattern of growth had been determined, there were a 

number of things that could now be observed in the land use changes. One of the most 

obvious land use changes was that of agricultural lands. Large tracts of agricultural lands 

had now started to be converted into urban areas and construction sites. There have been 

a few regions that have been converted to ponds as can be seen in Figure 3. The artificial 

created ponds were usually found in residential areas. 

By 1978, 34 percent of the study area had been converted to urban areas. The 

urbanization had stated to move westward, and larger tracts of land were now visibly 

being converted to urban areas. Majority of the individual tracts of land that were 

converted to urban by this time period were larger in proportion to those areas that were 

urban in 1973. This period of development coincides with the Local Government 

Comprehensive Planning Act of 1975, which would probably serve as an explanation for 

the large tracts of urban development. This act was subdivision of the Growth 

Management act that was implemented in 1972, the act was intended to provide citizens 

with the opportunity and the ability to be able participate in the planning processes, ‘that 

establishes the foundations for managed growth in Florida communities. Citizens 

participate in the comprehensive planning process because they have a vision of how they 
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want their communities to look’, (EDIS, http://edis.fias.ufl.edu/). This act was later 

amended in 1985 and was now referred to as the Local Government Comprehensive 

Planning and Land Development Act of 1985. The new act now required the local 

government to amend the plans that were currently in existence, to ensure that there was 

consistency with that of the State and Regional plans. It also required that local plans be 

certified by the Florida Department of Community Affairs, (EDIS, 

http://edis.fias.ufl.edu/).  

In 1988, 54% of the land had been converted to urban, within this time period the 

Planned Unit Development District (PUD), can be seen coming into effect. The Planned 

Unit Development District, ‘serves as an overlay to existing zoning classification. The 

Planned Unit Development gives the flexibility for the promotion of new planning ideas 

and concepts that can be incorporated and developed as fundamental land uses or 

appropriate combination of uses. The PUD gives the developer the authority to meet the 

density and land use coals of the community in question. The PUD is also intended as a 

tool so that “A creative approach may be taken for the development of large tracts of land 

and the redevelopment of older  and smaller ones… Land may be used more efficiently, 

resulting in smaller networks of utilities and streets, consequently reducing construction 

and maintenance cost” among others, (http://www.stpgov.org/zoning/sec2_09.pdf). The 

purpose is to encourage the orderly development of land, to promote creative designs 

while in the same breathe also supporting the preservation the aesthetic features of the 

development site. A few of the requirements of the PUD District are that the design 

should be environmentally friendly; there should be functional open spaces, which should 

be devoted to active and passive recreational activities, such as club houses, golf courses 
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and waterways(http://www.stpgov.org/zoning/sec2_09.pdf). During the analysis and 

groundtruthing of the textural analysis, it was confirmed that majority of the non urban 

areas were in fact golf courses and waterways. There are few waterways which can be 

observed in figure 6b and 6c below.  

Figure 6a is a subset from the image of the PUD for the city of Boca Raton, 

Figure 6b is showing the textural classification of the same subsetted area, the textural 

classification of the 1988 Landsat MSS and Figure 6c is the again the same subsetted area 

of the 1988 Landsat MSS imagery overlaid by the urban textural classification for the 

same time period. The textural classification has accurately captured the suburban area, 

especially clusters buildings excluding water bodies (in black) and large expanse of 

vegetation (in green). The Figures reinforces the fact that Textural classification is an 

appropriate too for delineating urban and suburban features. The red and cyan boxes 

outline the PUD RID that is the main focus of the subsetted image on the figures 6a, b 

and c. 

By the year 1995, 74% of the total study area had been converted to urban. By 

this time majority of the western section had been urbanized and the rate of growth of 

urbanization had somewhat slowed down (see table 2). The year 2002 saw a slight 

increase in urban growth (see table 2) but now the growth was not regular and western 

oriented as compared to the previous years but more sporadic. The sporadic growth is due 

to the fact that by 1995 the entire area had already fairly been urbanized, with non-

urbanized land in sections. The urban growth that took place between 1995 and 2002 was 

the infilling of development, into these non-urban areas. The amount of land converted to 

urban steadily increased every year with the exception of 1995, which saw a decrease in 
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the amount of land converted to urban, in 1988, 5693.23 acres of land was converted to 

urban, but in 1995 the amount of land converted decreased to 3618.90 acres, a difference 

of 2074.33 acres. In 1988 there was a 42 percent increase in change of land from non 

urban to urban, but in 1995 there was only a 21 percent increase from 1988. However, the 

there was a change in 2002 when the amount of land converted climbed to 4176.89 acres, 

which was a difference of 557.99 acres.  Though the proportions of land converted may 

have fluctuated, the percentage of change with reference to the previous year steadily 

declined and the overall percentage of total land converted steadily increased.  The table 

below shows the amount of land that had been converted to urban areas by each study 

date. The percentage of change in urban growth areas from the previous date, it also 

shows the amount of land in total that had been urban by each date and what percentage 

is it of the land that was urban. 

 
Figure 6a. PUD RID, of Baca Raton 
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Figure 6b. Textural Classification of the 1988 MSS 
Note how well define the PUD is in the classification 
 
 

 

 
 
Years 

 
Amount of Land 
Converted to 
Urban Since 
Previous Year 

 
Percentage of 
Change in Land 
Converted to 

Urban 

 
Total Amount of 
Land Urban in 

Acres 

 
Percentage of 
Total Area that 

is Urban 

1973  N/A  N/A  2964.96  12% 

1978  4810.38  62%  7775.34  34% 

1988  5693.23  42%  13468.57  54% 

1995  3618.90  21%  17087.47  74% 

2002  4176.89  20%  21246.36  92% 

Table 2. Showing the urban land use change in acres and percentages. 
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the percentage of change seemed to decrease throughout the years this is because the 

more built up the  area became, the availability of land for development decreased, 

though the percentage of change decrease the total land converted to urban constantly 

increased by each growth period. As stated previously there are three by-products which 

resulted from the time series textural analysis these are: the tinted overlays of each 

growth period, dasymetric mapping and the animated maps of the growth period. The 

increase in growth in made very apparent when the textural analysis for each time period 

is combined with the Landsat images for the respective analyses. To highlight the growth 

that occurred for each time period and show the areas on the Landsat images where 

growth occurred at once, tinted overlays were created from the time series textural 

analysis and overlayed over the Landsat images that were taken in the same year.   

4.3 Tinted Overlays 

Time series tinted overlays were created of each time period of urbanization. The 

series of images were used to convey the idea that time series tinted overlay can be used 

as a tool to quickly identify and analyze urban growth of an area, without having have to 

go through the hassles of searching through myriads of photo books, and flipping through 

several  pages to compare time periods. The tinted overlays being colour coded are easy, 

read and understand it readily gives the reader a basic idea of what the trend of growth is: 

the direction and magnitude. In the next several figures 7a to 7e, one will be able to see 

and easily asses the rapid changes that Boca Raton had undergone through the thirty year 

time period. The growth as have been stated earlier spread from the eastern section to the 

western of the study area in 1995, between 1995 and 2002 considering that the area had 

almost already been completely urbanized, the growth that occurred was one of infilling 
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in available land space, that was available for further development. Figure 7 is a tinted 

overlay map of the study area with all the in between growth periods (growth that 

occurred between 73 and 78 etc.), which culminated to the total urban area. 

Figures 7a-7e shows the time series growth pattern tinted overlays of each time 

period ranging from 1973 to 2002. 

                   
             Figure 7a. 1973 few urban areas in the west.       
 

             
            Figure 7b. 1978, growth spreads westward 
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        .     
         Figure 7c. 1988 PUD outlines become visible   
   

           
        Figure 7d. 1995, urbanization increases 

  

        
       Figure 7e. 2002 urban growth consist of infilling. 
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4.4 Dasymetric Mapping 

The population distribution maps that will be displayed within this section are 

based upon the 1970 census tract data. Tract data was the only option considering that 

block level data had not yet been created. A choropleth and a dasymetric map will be 

compared against each other to determine which population density map gives a more 

realistic impression of the population distribution within the study area. 

4.4.1 Results of Choropleth Mapping 

Choropleth Mapping is both a thematic map and a visualization tool, used to 

analyze data on a spatial level. The statistical variable that is being analyzed here is that 

of population density. The area of each tract is calculated into acres, from this it will be 

determined the number of persons that can be found per acre within in tract boundary. 

This calculation will give an impression of what the population distribution had been like 

during the 1970’s. As can be observed from figure 9, -the darker the tract colour the 

higher the population density- the distribution of the population seems to be homogenous 

through each tract division; this gives no information as to where there might be 

concentration of population within each division. The natural breaks classification is used 

to determine how the population will be divided. At first three classes were chosen to 

determine the population distribution. There was little or no analysis to be made from the 

data showed, there were only two tracts that showed any variability within the entire 

study area. Taking this into consideration the data was reassigned to four classes and then 

five classes, (the map below shows the four class classification) the increase in the 

number of classes did not improve the distribution of population. There were no 

significant changes in the output data from the changes made. Majority of the study area 
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still gave the impression to have a homogenous distribution of population. Based upon 

the information given, the areas that contained the highest concentration of population 

were located in the northeastern section of Boca Raton, where the population was 

between 162 and 702 persons per acre. The class range of 162 to 702 persons per acre is 

extremely high and gives do concrete detail of what the population concentration truly is. 

Having 162 persons as compared to 702 persons per acre is a vast difference in 

concentration and can pose problems when taking issues like transportation development 

or institutions like schools and hospitals into consideration into consideration. The 

developer may underestimate or overestimate the level of usage of the development it 

will prove a problem to create a development plan for a tract of land having an area 10 

acres, knowing that the number of persons living within that area might be 

underestimated or overestimated by 5400 persons. 

4.4.2 Results of Dasymetric Mapping 

 Choropleth mapping assumes that the population distribution throughout the 

tracts are homogenous JK Wright solved the problem by developing the dasymetric 

mapping technique whereby the spatial unit is subdivided into populated and unpopulated 

areas (J. Wright 1936). Here the process of textural classification ties in well as it was 

used to isolate urban features and even the ‘urban vegetation’ into a single class separate 

from the non-urban feature. This allowed the separation of the populated portion of the 

census tracts from the unpopulated portion. This aided in the production of the 

dasymetric maps which gave a visual impression of which proved that the population 

distribution was not homogenous, and showed where the areas of concentration were.  
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Like choropleth mapping dasymetric mapping to is a thematic map that uses 

visualization as a tool for spatial analysis. The dasymetric map in figure 10 is based also 

upon tract boundaries, within these tract boundaries only the urban areas area used in the 

determination of the spatial distribution of the population. Only urban areas are selected 

being that majority of the population resides within the urban areas. Therefore the 

population for each tract will be predominantly concentrated within urban areas for that 

particular tract division. Like the choropleth map the dasymetric map was also assigned 

to three, four and five classes. From the dasymetric map –again the darker colours 

represent higher levels of population density- one will be able to draw the conclusion as 

to where majority of the population could be found in Boca Raton in this time period. 

The areas that contained the highest levels of population were along the eastern portion of 

Boca Raton (along the main transportation routes and the coast) including a few areas in 

the western section of the study area. The areas that had the highest population had 

approximately 26 to 47 persons per acre. The second highest level of population density 

was located to the north where it ranged between 8-26 persons per acre. The areas that 

had very low population densities are explained by the fact that these were the areas that 

were farmlands or undeveloped land during this time period. This was determined when 

the 1978 Landsat MSS imagery was overlayed by the dasymetric map. Unlike the 

choropleth map the class range for the highest group was somewhat small ranging from 

26 to 47 persons per acre as compared with the choropleth being 162-702 persons per 

acre. 
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Figure 9. Choropleth Mapping. Population distribution based among the tracts. Note how 
it gives the impression the population distribution is homogenous throughout the entire 
tract. Take note also of how little variation there is in the entire study area, also giving the 
impression that the entire study area with the exemption of three tracts for the most part 
has homogenous distribution. 
 

Figure 10. Dasymetric Mapping. Population distribution is not just among tracts, but 
urban areas within these tracts, considering that majority of the population will be 
concentrated within urban areas. Notice the variation in distribution as compared to 
choropleth map. This map gives a more realistic view of what population distribution is 
like. 
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4.5 Animated Map Analysis 

Animated maps were created as a geo-visualization tool because it visually gave 

viewers an idea of what the growth patterns were like in the city of Boca Raton over the 

thirty year period, seeing where and how the growth developed would give a better 

understanding of how the growth moved from east to west and basically filled in, in 

available sections when all the area had already been developed. The scenes were all 

taken into Quick-time and frames were added in between each time period. There are 

times which might have been observed by now from previous information   that each 

time period hash different magnitude of growth. There the time and number of frames 

that would be added in between each time period depends on the magnitude of growth. 

This was done because growth does not occur linear, but sporadic, the time periods with 

less growth required less number of frames and less time per frame to show the transition 

between periods, whereas time periods with grater magnitude of growth needed larger 

number of frames and increased number of time per frames to effectively visually show 

the transition through time. This was only decided on only after a number of experiments 

were carried out, and it was realized that all time periods could not possess the same 

number of frames and time per frames and still show effective visual description of the 

growth over time 

4.5.1 Different versions of the animation 

4.5.2 Single colour animation 

There were four animated maps that were created. The first was that of urban 

expansion, but only in red. The second animation was that of urban expansion in red but 

with just the major roads as coverage. In the third animation each time period is colour 
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coded. Finally the fourth animation is based upon a grey scale imagery of urban areas, 

filling in at the respective time periods. 

The animation that that show the expansion of urban areas just in red is a great 

way to show urban change because in this animation the it conveys a good picture of 

overall rapid growth and though time factor is a major piece in this equation, the viewer’s 

main focus will be the process, direction and magnitude of growth, and how the growth 

expanded across the landscape and not what time period a particular level of growth 

occurs.  

Though this type of animation may easily show the magnitude and progression of 

urbanization, the disadvantages are that being that all the time changes is in one colour, if 

for some reason the viewer is actually interested in knowing the magnitude of growth and 

where growth occurred in certain areas, the reader may not readily be able to identify 

what level and or magnitude of growth occurred when and where, especially if the scene 

are not time labeled. Thus here it can be seen that having the growth animated in just one 

colour possesses both its advantages and its disadvantages. 

4.5.3 Animation with road coverage 

The second is an animation of urban expansion with road coverage, this animation 

gives the viewer a sense of direction as to where each area is located, whether it is for 

example east of 1 95 or not (Figure 11). Only major roads were use these included roads 

such as: I 95, Turnpike, Glades Road, Linton and Military Trail. From this version of the 

animation it can be seen that the areas that were first urbanized were east of 1 95 and 

development also that the development were to the east it was to the north and south of 

the eastern section of the study area.   
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The disadvantage of this animation however is that the roads coverage is not well 

defined because they had been clipped in ArcMap to the urban area. As a result of the 

clipping there are sections of the roads that might appear as if they are discontinuous in 

certain areas when they had actually existed during a particular time period. An example 

of this can be seen in figure to towards the eastern section of the main road running east 

to west (Glades Road) and the western section of the road to the north (Linton). An 

alternative to this is to create a road coverage from an aerial photograph and overlay the 

urban growth with the road coverage. 

4.5.4 Multi-coloured animation 

The third animation is also colour-coded. Each time period is assigned a different 

colour and the date of each period is typed at the top of the image (Figure 12a and 12b). 

Assigning a different colour, allows urban growth change to become immediate and 

allow the view to associate the colours with a particular time, allowing them to readily 

identify the time of change with the magnitude and direction of growth. This allows the 

viewer to determine visually what periods significant and non-significant changes might 

have occurred. 

4.5.5 Animation from grey scale aerial photographThe fourth animation 

is that of a 2004 grey scale aerial photograph (Figure 13a and 13b). The aerial photograph 

was imported into ArcMap and the masking tool was used to mask out all the non-urban 

areas, thus leaving a grey scale aerial of only urban areas. In this animation one does not 

see only coloured polygons but actual urban development growing across the landscape 

through time. In this image the road network and other developments such as residential 

and commercial areas are well defined. 
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The disadvantage of the map is that it is in grey scale. Though the input data was 

in colour the output data that ArcMap produced was in grey scale. This is because 

ArcMap only produces grey scale images with this tool. An alternative to this would be to 

use ERDAS Imagine to create this feature. 

 

Figure 11.  Single red colour animated map with roads. The added feature of the roads 
helps to give a sense of direction. 
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Figure12a. Multi-coloured animated map showing the urban transition of 1973 to 1978 

 identified 

 
 
Figure 12b. Multi coloured animated map allows different time periods to be easily 
identified 
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Figure 13a.Grey scale aerial map areas. Note how it is possible to see the urban features 
of the area. 

 
Figure13b. Grey scale aerial map urban areas. Note how it is possible to see urban feature 
such as roads and residential areas. 
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4.6 Conclusion 

Textural analysis is very useful in classifying spectral features from a given data 

set and has successfully done so in classifying urban and non-urban areas within the city 

of Boca Raton. It makes it possible to easily separate classified features and to 

concentrate on the one that are needed to perform data analysis. The time series tinted 

overlays have also proven to be of great aid in determining the area and time when 

development took place, because overlays are colour coded it is easy for one to identify 

with a particular time period and to the determine what the magnitude of growth have 

been like for that specific time. The tinted overlays allow the different growth period to 

be compared and contrasted at a glance. Dasymetric mapping proves that population 

distribution is in fact not homogenous and in so doing shows the varying level of 

population distribution within the study region. The animated maps like the dasymetric 

map and the tinted overlay is a visualization tool that gives an impression of how urban 

growth moved across the landscape through time. 
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CHAPTER 5 

5.0 Conclusion and Recommendations 

Cities are rapidly growing around the world, and there is need to monitor the 

magnitude of growth as this will allow the government to implement the necessary 

measure to aid in the provision of adequate housing, jobs and healthcare for the growing 

population. The research has shown that textural analysis is very instrumental in 

delineating urban and suburban areas. Within the study area of Boca Raton, it has 

accurately captured the urban areas, highlighting all the urban features such as buildings 

and roads, excluding the non urban features such as large expanse of water bodies and 

vegetation. This was portrayed vividly in the 1988 textural analysis when the PUD, RID 

1 was precisely outlined. However there were a few in stances where there were miss 

classification of land covers, like for example when there were agricultural areas that had 

been classified as urban, but these areas may have been influenced by a different landuse 

that the non urban features may have been adjacent to. An example of this incident was 

the farmland that was adjacent to the racetrack. This particular case serves as an ideal 

example as to the purpose and significance of ground-truthing. Ground-truthing helps to 

verify the features that are in the textural analysis and ensure that they match with the 

ones that are one the ground, and also helps to explain why a particular area shows up as 

it does. 
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5.1 Boca in 2002 

By 2002, the city of Boca Raton had been almost entirely urbanized; very few 

areas left were not built up. One repeated occurrence that was observed in the textural 

analysis was that majority of the non urban areas when they were groundtruthed they 

were actually golf courses, or ponds that were created during the phase of development. 

These areas in earlier periods during phase of construction may have showed up as urban. 

There were various instances throughout the growth periods within the urban areas that 

urbanization seemed to have receded, but was not really the case. As residential areas for 

example get older, the vegetation cover gets thicker, hiding a proportion of the built-up 

areas. When classification is done, it does not capture the areas that are under the 

vegetation cover and thus gives the impression that urban areas have decrease. 

Urbanization may appear to have decrease also when areas appeared urban when they 

were undergoing construction, but once construction have been completed, the feature 

constructed is one that have a low reflectance value, such as was shown in figure 3, when 

the area was excavated to create an artificial pond. 

The images that were used to perform the textural classification were varying 

Landsat images. DOQQ, were considered but decided against due to the fact that the 

DOQQ had lower spectral quality (Xie, et al 2008). It was decided that the Landsat 

imagery would provide the high level of spectral quality that would have been needed to 

carry out the processes that were necessary to complete the research. 

5.2 Free Landsat images available 

It would be recommended that the next step in this research is to apply this time 

series analysis to South East Florida Megalopolis, to map the growth of the urban areas 
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over the last several decades. The possibility of this would now be more affordable than 

before especially since Landsat images have been released and can be downloaded free of 

charge. The USGS under the National Land Imaging Program, the global scenes which 

are held in the USGS-manage national archive has images dating back to Landsat 1, 

which was launched in 1972. “By February 2009, any archive scene selected by a user – 

with no restriction to cloud cover – will be posted automatically to a standard recipe, 

using such parameters as the Universe Transverse Mercator projection, and staged for 

electronic retrieval. In addition, newly acquired scenes meeting a cloud cover threshold 

of 20 percent or below will be processed…” (AAG Newsletter 43.6, pp5). As of October 

1, 2008 Landsat 7 ETM+ Data Were also available free of charge, the scenes which were 

held in the USGS EROS archive are now available online, (http://landsat.usgs.gov). 

The time series tinted overlays of each growth period which were overlayed over 

their corresponding mosaics provided easy visual knowledge of each growth period. The 

multi-coloured tints of each growth period (colours ranging from red to light yellow, 

older to more recent years respectively) gave the basic knowledge of what the growth 

was like in each time texturally analyzed growth period. From the colour coded time 

series overlays one was able to see where growth occurred, in what direction it occurred 

and the magnitude of change that occurred as compared to the previous years. 

5.3 Dasymetric as visualization tool 

Dasymetric mapping which is a visualization tool and has thus proven to be 

visually effective, and  useful in determining the areas that had the highest population 

density during the 1970’s, as compared to the normal choropleth thematic mapping that 

gave the impression that population distribution was homogenous throughout the census 



65 
 

tracts within the study area. The populations within the census tracts were divided among 

the urban areas found within the respective tracts, because majority of the population 

would have been found within the urban areas. The results from the dasymetric map 

showed that majority of the population lived in the eastern section of the study area 

towards the coast and along the main route of transportation. 

The exercise of using dasymetric mapping versus choropleth mapping was done 

only for the 1970 census period, but it would also be useful to map the population density 

for the other time periods such as 1980, for which year there was also no census block 

information. It would also be interesting to map the years that had census block 

information such as 1990 census information and compared the results against periods 

that only had census tract information to see how the data quality and accuracy varies.  

5.4 Animated Time Series Maps 

The animations like the tinted overlays provided visual basic on which the urban 

growth of the study area can be monitored. The single red coloured tint of the growth 

periods gave an overall impression of the magnitude of growth throughout the thirty year 

period, the road coverage in this animation also aided in providing a sense of direction. 

The multi – coloured time animation allows the identification of what magnitude of 

growth occurred in what time period and the black and white aerial  showing only the 

urban feature, gives a more dramatic effect of the growth that took place. This black and 

white aerial served as a more vivid explanation because one does not only see colour 

moving across space, but is able to see the actual growth of buildings moving across 

space and time. 
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Considering that the masking operation used to produce the features to creature 

the urban scenes were done it ArcMap and the result was a black and white image, it 

would be good to produce this or similar images in ERDAS Imagine. The production of 

such images in ERDAS Imagine would produce a coloured image rather than one that is 

black and white. An image that is produced in colour would create a more aesthetically 

pleasing growth scene. 
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