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Abstract 

In the modern time, remote sensing technology from airborne and satellite platforms 

provides valuable data for mapping, environmental monitoring, disaster prediction 

and land use management. Generally satellite scan images serve as an effective 

medium to obverse the features on the earth’s surface. Because all the topographical 

features will be reflected into the image and the inherent histogram.  

Urban area is always a significant and conspicuous area on the city surface. 

However the only consistent topic about the history of city development is that it 

never stops changing since the cities were born. Urbanization is regarded as perfect 

stylist and the core processes during the cities’ development. As a result, urbanization 

will lead to accelerate the rate of urban change, meanwhile some new and distinctly 

different urban forms will come out and develop. During urban sprawl process, the 

civic population in city responds to urban changes as well. 

The objects of this thesis are to monitor the Calgary urban area sprawl, and then 

to analyze the collected data to make some discussion and conclusion. Both natural 

and social factors for the environment changes will be considered in the analysis parts. 

During the data processing operation, Landsat 5 images of Calgary produced in 

different years will be used for the research. Furthermore, urban area, open area, low 

vegetation area, water area and forest area are chosen as the five basic layers in the 

Maximum Likelihood supervised classification step. Finally combining the elements 

of social and environmental situation, some comprehensive discussions of Calgary 

urban area variations could be preformed. The analysis results exhibit that Calgary 

city urban area and the population had a vivid growth from 1985 to 1999, at the same 

time the natural environment had great changes as well. In brief the social and the 

natural environment developments are regularly and maintained in harmony. 

Consequently it is capable of predicting the integrated development trend of Calgary 

in future. 

Keywords: remote sensing, RGB images, maximum likelihood classification, urban 

sprawl, population 
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1. Introduction 

Remote sensing has already played an active role in GIS field for a long period, meanwhile 

remote sensing has normally been a specific tool for earth observations. Since the space 

technology developed rapidly, the techniques of satellite and radar were well served for 

human purposes during the past years. Now remote sensing function has reached an 

unprecedented height in our daily life. Remote sensing technique relates to many fields in the 

reality applications, for example weather forecast, urban planning, detecting mineral and 

groundwater, map production and so on (Richards, 2006). Using remote sensing image is one 

commonly and direct way to analyze characteristics of our earth surface or its upper space. 

During the recent hundred years, a growing urbanization process has dominated the world 

settlement patterns especially in the western countries. Many metropolitan and modern cities 

had to face many newborn issues (Bradbury, 1982). As it is an entirely new pattern in human 

history, urban sprawl and urban environment have become hot issues immediately. 

Urbanization has progressed in such a speed that we need to pay more attention to. The 

increasing urban areas around the large cities during the past decades have greatly affected the 

quality and ways of normal life. Almost every kind of modern lives, from structure of family 

to scheme of society, has been influenced.  

Historically, cities have always been the hearts of the culture and civilization for one 

region. The principal reason for the importance of urban area studies is its traditional concern 

with the spatial system of human settlement (Borchert, 1980).  

In the traditional concept, metropolitan area develop much more rapidly than non-

metropolitan area, it refers the human resources which can be simplified as the population 

(Michael and Lynn, 1988). Specifically, the urban sprawl of a city should be carried out 

together with the population. Urban area and population are inseparable in the urban sprawl 

issues (United Nations, 2004). Usually population increases with the urban sprawl. Thus if the 

population has an obvious growth, it means that urban area would change as well. In the last 

decades of years the world’s population has grown in such a high-speed while major cities all 

over the world have also gotten a drastic change. 

Population is a primary key in the urbanization which cannot be ignored. Urban area 

changes and population growth are the main elements and dynamic support for the 

development of a region. The required population data are normally obtained from the 

population censuses result (United Nations, 2004). Due to the urban expansion, population 

increase and life style transform, the environment of urban area is confronted with enormous 

challenge. Therefore, comprehensive analysis of the urban area changes, the environment 

changes and population growth is quite necessary in regional research topic. As a result, the 
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accurate analysis result could be a specific assistant in the future for urban development, 

urban planning, population control, greening development and so on. 

Monitoring Calgary urban area sprawl is set as the primary goal for this thesis. Satellite 

images of Calgary city in different years are used for monitoring and analysis. The 

comparison among surface features between different years, including the urban area, water 

area, forest area, open area and low vegetation area, is the pre-requisite condition in this 

monitoring method. Afterwards base on the local situation, it is able to make some reasonable 

analysis to explain the phenomenon of land surface changes. Since Landsat 5 could make 

high quality images, images produced by Landsat 5 are assumed to be the research targets for 

monitoring Calgary urban sprawl. 

In this thesis, firstly, several basic sensors are introduced, because they are the sources of 

satellite images. Secondly, the image processing is displayed, and it is certainly a significant 

part for the image analysis. In the third step, the research target Calgary city’s background 

information is briefly described. For the forth step, the details of original material of Calgary 

image in 1985 and 1999 are introduced. In the methodology part, both images are adjusted 

into the same standard and operated by the Maximum Likelihood Classification Method. 

Urban area, open area, low vegetation area, water area and forest area are chosen as the five 

particular layers in the supervised classification step. At last, by using the classified images of 

Calgary and the population growth data, the line chart and histograms of different features’ 

changes could be presented. After statistics, the status of different features located in the 

Calgary urban area will be shown.  

Finally with Calgary’s local social and economic situation, some integrative discussion 

could be done, and the reasons for land use changes and urban sprawl will draw a conclusion. 

However, the result not only reflects the current situation of Calgary urban area, but also it 

could be used to predict the development trend of city construction and urban sprawl in the 

future. The result will be such a reference data for the Calgary’s development. 

2. Sensors 

Sensor is an instrument can detect the target’s physical characteristics and switch the 

information into signal form which finally received by an observer (Cracknell and Hayes, 

2007). In remote sensing application, commonly sensors can be grouped into several types: 

visible and near-infrared sensor; thermal-infrared sensor; microwave sensor; sonic sensor and 

so on. Those types of sensors cover many kinds of signals detection ways, the light, heat and 

the sound. Most topographic features which usually would be involved can be detected by 

using those kinds of sensors. 
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However it’s also necessary to distinguish between passive and active sensors. The 

passive sensors detect the naturally reflected or radiated energy by the object. The reflection 

of sun light is the best innate source of radiation (Cracknell and Hayes, 2007). Good 

examples of passive sensors are photography and Landsat space imaging. But on the other 

hand, the active sensor will emit its own energy to the earth’s surface and then collect the 

signal reflected back (Cracknell and Hayes, 2007). Radar is considered to be a classical 

example of active sensor. 

2.1 Synthetic aperture radar 

Synthetic aperture radar (SAR) is an electromagnetic imaging sensor often used in remote 

sensing application. Unlike the traditional radar with big rotating antennas but highly-

directional, SAR has many small immoveable antennas with low directivity, and it scatters 

over the near area or around the object area (Franceschetti and Lanari, 1999). 

The SAR sensor is usually set in the aircraft and satellite, and used to perform high 

resolution and quality image of the surface of the earth. In SAR, at first the echo waveforms 

receive from different positions’ antennas and then the target analysis will be operated. 

Generally SAR makes 2D images, one dimension is range or cross track and it is used to 

measure the straight line distance between radar and target; the other dimension is azimuth or 

along track which is vertical to the range, it produces the fine azimuth resolution to 

distinguish itself from other radars, as illustrated in Figure 1. 

 

Figure 1: Synthetic aperture radar operating interpretation (Mileshosky, 2009) 

Range measurement and resolution in SAR are almost the same as the other radars. The 

range is determined by the time between a pulse transmission was sent out and the echo was 

received from a target (Cumming and Wong, 2005).  

Providing long-range propagation signals and the capability of complex digital 

electronics information to produce highly-resolution, images are considered as the most 

remarkable characteristics of SAR system. Therefore SAR is widely applied in remote 

sensing and mapping. 
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2.2 Optical sensor 

Optical sensor (OS) works like a camera and records the electromagnetic energy. However 

there are three main differences between OS and SAR. 

Firstly, OS uses the wavelength near visible light but SAR uses the wavelength which 

between 1cm to 1m (Franceschetti and Lanari, 1999). Due to this difference SAR can 

observe through clouds and storms, while OS cannot. Secondly, OS observing constrains by 

the lightness created by the sun’s illumination or thermal radiation. At the same time SAR 

needn’t consider those conditions, because it transmits its own illumination source through a 

radio waves form by the antenna. So OS resolution depends on the time very much, on the 

contrary no matter the daytime or night SAR is satisfied. At last, OS looks straight down to 

the ground, while the SAR displays its side-looking characteristic. 

LIDAR (Light Detection and Ranging) is considered to be a typical optical remote 

sensing sensor. It measures the scattered light pulse from a target and finds the information of 

the target. Distance from LIDAR to the target is calculated by two factors: the time delay 

between transmit out the pulse and detect the reflected signal; and the speed of pulse which is 

the same as velocity of light. This calculation method is very similar to the radar’s (Rees, 

2001). 

LIDAR has competent ability to do the remote sensing, geography, archaeology, geology 

and some potential applications and research. 

2.3 Weather satellite sensors 

Weather satellite sensors’ primary job is to monitor the earth’s weather and climate. There are 

two primary types of weather satellite: polar orbiting satellite and geostationary satellite. 

● Polar orbiting satellite 

The polar orbiting satellite goes from North Pole to South Pole in a circle way above the earth, 

and it passes over both poles in its orbit (Richards, 2006). On each successive orbit the 

satellite scans a strip further to the west. 

Commonly 600 to 800 km is the most popular altitude for polar orbiting satellite, in other 

word it will take polar orbiting satellite about 98 to 102 minutes to circle around the earth. 

There are almost 90 degrees’ inclination between the polar orbiting satellite and the equator. 

Due to polar orbiting satellite operates in the sun-synchronous orbit, everyday polar satellite 

can monitor all area at the same latitude twice in each orbit at the same local solar time. 

Polar orbiting satellite is a good sensor to obverse and photograph the cloud which 

directly below it, because it is closer to the earth surface, usually polar orbiting satellite will 

get a better image than the geostationary satellite.  
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● Geostationary satellite 

The geostationary satellite has the same rate as the earth spin and the orbit is exactly above 

the equator at the altitude of 36000 km (Richards, 2006). So the orbit period of geostationary 

satellite is 24 hours just one day. That means the satellite is continuously monitoring a certain 

region. 

In geostationary satellite, the photograph will be transmitted to the ground receiving 

station as soon as the camera has just finished the photo. Usually a sequence photographs will 

be displayed one by one continuously like a movie, then the movement track of the cloud is 

showing. Consequently many countries use geostationary satellite for meteorological analysis. 

The coverage areas of geostationary satellite are much larger than polar orbiting satellite, but 

the period of geostationary satellite is much longer than polar orbiting satellite as well. So 

these two kinds of satellite have their own unique strongpoint. 

In monitoring urban area application, Landsat 5 images are the research targets. The 

Landsat 5 monitor station scans the surface of the earth and produces the high quality images, 

another principal key is Landsat 5’s images are easily collected. Consequently Landsat 

images are chosen to research the surface target in the thesis application. 

3. Image processing 

3.1 Correction 

● Geometric correction 

Geometric correction is a process to correct the distortions made by the rotation of the earth, 

motion of platform, oblique in scanning view, scanning time skew and many other factors 

(Drury, 2001). Those errors will result in the target on the ground moves progressively and it 

will add the error in the image of rhombic shape. The aircraft will be affected by the platform 

movement, roll and pitch in this case often happens, that will cause the deviation of the 

straight down sight. Another problem is that the flat image will be distorted by the natural 

curved surface of the earth. The scan line has been advanced in the amount when compared 

with its star point.  

Those errors are unavoidable. However program for the correction compensations are 

insistent required. Many correction methods are born, generally there is one method which 

can deal with various types of geometric distortions. First transform the original position of 

any selected pixels into a new structure, for example another new coordinates system. Then 

resampling work will be operated and the new values of raw points will be calculated 

(Richards, 2006). During this step, many mathematical processes are related, like 

interpolation of values and so on. In monitoring urban area application, Geometric correction 



                                               

9 

 

is requisite. Because those different years Landsat image came from different sources, they 

were not in the same coordinates. Thus we need use geometric correction to adjust them into 

the same coordinate system. 

● Radiometric correction 

Image can be lead into two general kinds of radiometric corrections, one is natural factor and 

the other one is instrumental factor. 

The first natural factor refers to the different conditions of the atmosphere time to time 

and place to place (Driggers, 2003). For example, in a cloudy day the solar brightness will be 

much lower than a sunny day, so it would lead to the scatter and radiometric value are 

different for a same target. Digital number (DN) need to be modified to remove the noise 

from the image. Sensors record the intensity of electromagnetic radiation from each spot on 

the earth’s surface as a DN for every spectral band. Different kinds’ sensors may have 

different DN spectral range. 

The correction of instrumental error is also very important for the radiometric correction. 

Instrumental errors involve transform in detector response. Detectors usually use their certain 

system, and systematic differences exist between detectors. Errors come out during the 

characteristic transfer step that the radiations come in and signals go out. Therefore we need 

to set a standard sensor then adjust the brightness of all pixels recorded by the rest detectors, 

at last make all of them matched (Richards, 2006). 

3.2 Image enhancement 

When aiming to improve the visual quality and interpretation of image, some image 

enhancement will be used. This process will bring us a better human view of the image and 

much more potential information would be dig out. Image edge enhancement and image 

smoothing are also included in the image enhancement. 

● Histogram 

An image histogram may be described as follows. The histogram’s X axis is the range of 

digital number (DN) while the Y axis shows the number of pixels in the image with a certain 

digital number. For an 8-bit image, the range of X axis is 256 brightness levels which are 

from 0 to 255. At 0 value point the colour is black. The brightness would become lighter with 

the increasing value and finally change into white at 255 point (Rees, 2001).  

Colour images are displayed in three histograms with red, green, blue channels. Three 

typical bands’ histograms images are shown with colour image method in figures 2, 3, 4: 
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Figure 2: Histogram of near-infrared band (Liew, 2001) 

 

Figure 3: Histogram of red band (Liew, 2001) 

 

Figure 4: Histogram of green band (Liew, 2001) 

As the pictures shown, we find the minimum DN of every band is not close to 0. Because 

there is a particular shift operation to the right of every histogram, many atmospheric 

scattering component mixed into the original radiation that reflected from the surface is the 

primary reason why we do this shift work. However the wavelength is also an important 

factor that will affect the shift, a higher contribution from Rayleigh scattering for the shorter 

wavelength for the green band result in an obvious larger right shift for its histogram image 

than the rest two. 

In the operation, it’s already assumed to meet a very bright and shine target, thus the peak 

value 255 is almost unavailable for the DN in the histogram image. 
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Suppose there is a poor contrast digital image need to be improved, so contrast stretching 

of the image is required. For example the original histogram may be located at brightness 

values between 40 and 80, and it is expected to expend to the maximum range (0-255). Thus 

histogram modification will be operated to make it easier to read. 

The mapping of brightness values associated with contrast modification could be 

described as:  

       ( )y f x                      (1.1) 

The x is the old brightness value of histogram; y is the corresponding new value. Then  
( )ih x

 

is assumed to be the histogram function of original image and 
( )oh y

 is the histogram function 

of contrast modified image. The subscript word i and o are short for input and output, they 

mean the input histogram and output histogram during the contrast modification process. 

The density functions of ( )ih x  and ( )oh y  is defined as: 

0( ) ( )ih x x h y y 
           (1.2) 

Because of the limit as
, 0y x  

, 

0 ( ) ( )i

dx
h y h x

dy


                 (1.3) 

Since
1( ), ( )y f x x f y  , 

So (1.3) changes into: 

1
1 ( ( ))

( ) ( ( ))o i

d f y
h y h f y

dy




       (1.4) 

This is the final analytical equation for the output histogram (Richards, 2006). 

So the image’s brightness and many other main features can be directly reflected in the 

Histogram DN. During image analysis, the image’s histogram must be made clearly. After 

discussing the histogram, let’s take a look at the stretch, generally saying there are three most 

usual used methods for stretch: linear stretch; histogram equalization and standard deviation 

stretch. Because those methods will help us stretch the image and make the features in the 

image easier to be found out. 

● Linear stretch 

Linear stretch is considered to be the simplest type of enhancement. It stretches the original 

DN into a new distribution which covers the full range from 0 to 255 (Campbell, 2006). The 

old DN values will be matched with new corresponding ones. 

Linear variation described by: 
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( )y f x ax b  
              (1.5) 

So that                               
1( ) ( ) /x f y y b a              (1.6) 

And                                         
1( ) / 1/df y dy a 

            (1.7) 

Base on (1.4), the modified histogram becomes: 

1
( ) ( )o i

y b
h y h

a a




              (1.8) 

(Richards, 2006) 

This enhancement will make the light area appearing lighter and dark area appearing darker in 

the final image, visual interpretation will be much easier, see Figure 5. 

 
Figure 5: Linear stretch histogram (A: Original histogram; B: Histogram after linear stretch) 

(Acharya and Ray, 2005) 

However, the features of the image in the middle ND will not be enhanced very much by the 

method. So it’s not the best choice for the application in this paper. 

● Histogram equalization 

Histogram equalization reset the DN values from the original image, and the brightness of 

output new image will have an equally and uniform distribution over the range of the output 

DN values (Campbell, 2006). See Figure 6. 

 

Figure 6: Histogram equalization (Left: Original histogram; Right: After histogram 

equalization) 

(Acharya and Ray, 2005) 
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This process also can be described by some equations. First let 
( )ih x

 be the original 

histogram function, and 0 ( )h y
 represent the modified histogram. Then assume the image 

displayed with N pixels and L histogram brightness values. Consequently each of brightness 

values in the final modified histogram will have N/L pixels corresponding to it. In the case of 

L available brightness, dy = (L-1)/L, 

So that the uniform histogram’s equation: 

( )( 1) /oh y L N L 
, then 

( ) /( 1)oh y N L 
        (1.9) 

Base on (1.3), so 

1
{ ( )} ( )i

dy d L
f x h x

dx dx N


 

                             (1.10) 

Therefore the transformation of brightness values into a uniform histogram: 

1
( ) ( )i

L
y f x h x dx

N


  

                               (1.11) 

(Richards, 2006) 

In histogram equalization, the stretch assigns more display values to the frequently 

occurring sections of the histogram, thus the details in these areas will be better enhanced 

while compared with areas which have values occur less frequently of the original image. If 

some features are important, but they are located in the values that occur less frequently area, 

they would be ignored or missed. Histogram equalization is such a wonderful method that 

however it is not suitable for all cases. 

● Standard deviation stretch 

In this stretch method, standard deviation is used to stretch the image uniformly 

(Schowengerdt, 2006). Standard deviation stretch is a bit similar to the linear stretch but only 

a particular section is linear stretched. If different multiples of standard deviation performed, 

the degree of stretching result will get changed. For example, if 2 standard deviation is used, 

pixels with DN outside the range which is between minimum-2 and miximumu+2 will be 

displayed with exactly 0 and 255 respectively, while those DN within the range will be 

stretched from 0 to 255. 

Lower limit= mean - (2 * standard deviation of image digital values) 

Higher limit= mean + (2 * standard deviation of image digital values) 

(Verbyla, 1995) 

So by using this method, the most interesting section will be displayed so clearly, and 

details of that area will be easier observed. Most features will be concerned, none missed. 

Each section will be stretched and all the features wherever they located will be enhanced. 

● Edge enhancement 
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Edge enhancement is an effective method to increase the vision of boundaries between 

different areas of contrast brightness (Campbell, 2006). Aim to achieve edge enhancement, 

sharpening edge between adjacent regions is commonly displayed. First the edge should be 

detected, then reinforce the edge to the original image and increase the contrast to its 

neighbour edge; or highlighting edges by using saturated overlays on the boundary, both of 

those two methods are would be fine (Richards, 2006).  

A representative edge enhancement algorithm is operated as follows: a moving window 

systematically goes though the image and cantered successively on each pixels. At each 

position, local value within the window can be calculated by specified method and set as the 

new central value. If there is a vivid difference between the central value and the average 

value of the neighbouring pixels, that the central value can be used to distinguish differences 

by brightness between two regions (Campbell, 2006). 

For different purposes, there are various types of moving filter windows. The most 

general one is Laplace filter,  

-1 0 -1 

0 4 0 

-1 0 -1 

 

Every pixel in the image is multiplied with the corresponding value in the moving 

window. And the sum of the pixels in the window is assigned to the central pixel in the image. 

When detect some particular edges, for example the vertical edge, horizontal edge and 

diagonal edge, some special filter windows are required, see Figure 7. 

 

Figure 7: Moving windows for vertical, horizontal and diagonal edge enhancement 

(Richards, 2006) 

● Image smoothing 
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Random noises are contained on the pixel brightness value in the image, sometimes small 

details in an image are noise rather than useful information, therefore noise reduction is 

necessary (Cracknell and Hayes, 2007). However image smoothing can be competent at this 

job.  

Technologically, image smoothing also use a moving filter window to remove the noise, 

but the arithmetic and data in the filter are very different to the edge enhancement. Usually 

there are two forms of moving filter window, see Figure 8. 

 

Figure 8: Image smoothing filter windows (Cracknell and Hayes, 2007) 

Pixels in the image will be multiplied with the corresponding value from the moving window 

respectively, and then the sum of pixels will be calculated and assigned to the central pixel in 

the image. 

After operating the image smoothing the goal is that most important information in the 

image are enhanced, at the same time the useless noises have been reduced or removed. 

In the monitoring urban area application, before classification some enhancement work 

will be done in the beginning. That’s very important to distinguish different features and 

themes. After enhancement, primary information in the image can be shown vividly that will 

make things more efficient in the future work. 

First standard deviation stretch was chosen to perform. Standard deviation stretch method 

will stretch the histogram DN with a certain standard deviation buffer, so the original 

maximum DN will shift to close to the 255 while the original minimum DN will shift to close 

to 0. Consequently the details and information of original image have been enhanced into a 

satisfied level, not too white or too black. Linear stretch will make some light or dark areas 

become lighter or darker. Actually it’s not a good idea for all situations, because sometimes it 

will make the vision inharmonious and too bright. Histogram equalization is not the best 

choice for my application either, because it only enhances the more frequency value area very 

well; however some useful information contained in the less frequency value may be ignored. 

However both linear stretch and histogram equalization can be good reference for my 

application.  

Secondly, edge enhancement should be displayed to find out the boundaries of each 

feature. That would make each theme or cluster better observed. Taking Laplace filter as the 
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moving window, which is enhancing all over the image comprehensively without any 

prejudice, was selected. 

In the end, image smoothing work was used to remove the noise and helped to check the 

image. Finishing doing those segmentation processes, the next step is classification. 

3.3 Classification 

The purpose of classification is to group all the digital image pixels into several different 

themes. Image classification performs such an important role in the digital image analysis. 

Because it will be easier to distinguish things from classified image, as compared to 

distinguish things from original unclassified image. Generally there are two dominate 

methods of classification: supervised classification and unsupervised classification. 

3.3.1 Supervised classification 

In quantitative remote sensing image analysis, usually supervised classification is quite. In 

supervised classification the area with different features and information that we are interested 

in are selected out as the training area, and then define the special features into different 

classes. Finally the other parallel area will be guided to their cluster class (Verbyla, 1995). 

There are three broad kinds of supervised classification: Maximum likelihood 

classification; Minimum distance classification and parallelepiped classification (Campbell, 

2006). 

● Maximum likelihood classification 

Maximum likelihood classification is considered to be normally used supervised classification 

method to deal with the remote sensing image. It is a statistical decision standard to overlay 

the signatures to the classes, each pixel’s probability to be assigned to the class has been 

computed (Girard, 2003). The maximum likelihood classification is based on the probability 

density function. The maximum likelihood classifier is a conventional statistical classification 

technique that allocates each image pixel to the land cover class with which it has the highest 

probability of membership (Mather, 2004). 

Due to the theory of maximum likelihood classification is related to the core of Bayes’ 

theorem (Freund and Walpole, 1987), so before introduce the maximum likelihood decision 

rule, Bayes’ classification should be represented first. 

In Bayes’ classification, the spectral classes of the image described as: 

, 1,...i i M 
                    (1.12) 

M is the total number of classes. Aim to determine the class to which a pixel at a place x 

belongs, so 
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( | ), 1,...ip x i M 
                 (1.13) 

Vector x is a column vector of brightness values for the pixel. Then the classification will be 

described by: 

ix 
, if 

( | ) ( | )i jp x p x 
 for all j i      (1.14) 

That means if 
( | )ip x

 is larger than anyone else, the pixel at x is in class i . 

This general approach is the famous Bayes’ classification. 

Then let’s tend to maximum likelihood decision rule, for a pixel t a position x in multispectral 

space a set of probabilities can be accounted that assign the relative likelihoods that the pixel 

belongs to each available class, so there will be as many 
( | )ip x 

 as there are ground cover 

classes. 

So                         
( | ) ( | ) ( ) / ( )i i ip x p x p p x  

                (1.15) 

( | )ip x 
 is estimated from the training data, 

( )ip 
 is the probability of the class i  occurs in 

the image. If there are 15% of the pixels in the image belonging to spectral class i , so the 

( )ip 
 will be 0.15. ( )p x  is the probability of finding a pixel from any class at position x, it 

can be represented as: 

1

( ) ( | ) ( )
M

i i

i

p x p x p 



                   (1.16) 

( )ip 
 is called a priori or prior probabilities as well, because they are the probabilities with 

which class membership of a pixel can be estimated before classification.  

Combine (1.14) and (1.15), and then get: 

ix 
 if 

( | ) ( ) ( | ) ( )i i j jp x p p x p   
 for all j i        (1.17) 

(Richards, 2006) 

That ( )p x  has been removed as an ordinary factor. The result of (1.17) is even more 

acceptable and believable than (1.14), since both 
( | )ip x 

  and 
( )ip 

 can be estimated from 

the training data according to the normal analysis knowledge about the image. 

The maximum likelihood classification is thus based on probabilistic method. Each 

pixel’s probability to be assigned to a certain class is calculated rather than another. The law 

of affectation thus derived enables minimization of risk of error by a better utilization of 

probabilities pertaining to one class or another (Girard, 2003).  

However it seems that more accurate result will be obtained through Maximum 

likelihood classification method, but actually there are some limitations. When performing the 
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classification, it’s already assumed that the input class data with a Gaussian distribution as 

well as the features have been excellent selected. Therefore Maximum likelihood 

classification would not always fulfil the statistical conditions. 

In the application of the monitor urban area, Maximum likelihood classification was 

selected. The basic ideas behind maximum likelihood classification are that each class is 

modelled with a separate multivariate distribution and each pixel is assigned to the class that 

has the highest probability of generating to that pixel. All the pixels in the image will be 

distributed into the most likely class that the error will be reduced in this application.  

● Minimum distance classification 

Minimum distance classification method group image data on a database file with a set of 256 

possible class feature sections. Each certain feature data pertaining to a particular class. 

Minimum distance classification depends on suitable exact estimation of the mean vector and 

covariance matrix for each spectral class, while the other data are ignored. The minimum 

distance classifier sets up clusters in multidimensional space, each defining a distinct class. 

Each pixel within the image is then assigned to that class it is close to. This type of classifier 

determines the mean value of each class in each band. Hence the unknown pixel will be 

assigned to the class whose means are most similar to itself (Campbell, 2006).  

After classification, unique colour of different gray-level will be drawn to each class then 

a thematic map about a specified database image has been produced. Minimum distance 

classification is effective classification method. 

The function for minimum distance classifier, calculate the set of square Euclidean 

distance and defined in vector form: 

2( , ) ( ) ( ) ( ) ( ) 1,...t

i i i i id x m x m x m x m x m i M       
        (1.18) 

, 1,...im i M
 is supposed to be the means of the M classes, the values of M is determined by 

the training data, x is the location where the pixel to be classified. 

Then spread (1.18) and get: 

2( , ) 2i i i id x m x x m x m m     
                                              (1.19) 

So the classification will base on: 

ix 
 if 

2 2( , ) ( , )i jd x m d x m
 for all j i                               (1.20) 

The minimum distance classifier assumes the subject responds with the category that has the 

most similar mean. In the application the urban area is such a crisscross area. However for the 

seriously mixed area, the minimum distance classification is not the most competent method. 

By using minimum distance method, some different features will mislead to the same class. 
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Unfortunately, the research target is urban area which is a very complicated and diversified 

place. Thus minimum distance classification is not suitable for the application. 

● Parallelepiped classification 

The Parallelepiped classification is easy to understand, it’s trained by detecting histogram of 

the individual spectral elements of the training data we get. Class limits and each features 

stored in the class are the key word to judge whether the pixels are in class or not. When the 

pixels are within the parallelepiped, it is group into the class. However sometimes the pixel 

may fall within two or even more classes, it will be set in the overlap class which’s code value 

is 255. In other hand if the pixels don’t fall within any class, null class with the code 0 will be 

its right place (Campbell, 2006).  

More or less taking straight lines as the class edge in the parallelepiped constrain this 

classification method. However, the pixels in the null class of Parallelepiped classification 

may be inapplicable in some case. For our application, parallelepiped classification is 

unsuitable. Because grouping the pixels into the classes by judge whether are they in the 

parallelepiped that will lead to many errors in the urban area classification. 

3.3.2 Unsupervised classification 

In contrast to supervised classification, the unsupervised classification doesn’t need any 

training area to classify the image. However instead, some certain parameters should have 

been specified already before performing classification. Very few input data are required in 

the unsupervised classification, and the software will assign the natural grouping pixels based 

on the spectral characteristic (Richard, 2006). 

Therefore there is an obvious difference between the supervised classification and 

unsupervised classification. In the supervised classification, first the useful information 

should be defined and assigned and then examine their separable possibility of spectral; while 

in the unsupervised classification, separable spectral class determined by the software, and 

then their information value defined by the software as well. 

K-means and Iterative Self-Organizing Data Analysis Technique (ISODATA) are the 

most frequently used algorithms in the unsupervised classification.  

K-means algorithm chooses random points with the random DN value. After selection, 

classes are specified, points located within its boundary are analyzed and also their means will 

be much focused. The points within boundary will form new the cluster, and a new separation 

of classes will be displayed. This approach can be repeated many times. 

ISODATA algorithm is very similar to K-mean algorithm, but more powerful and 

effective. It allows the creation and destruction of classes; also different number of clusters is 
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allowed in ISODATA algorithm, but K-means algorithm has already assumed that the cluster 

number is known. 

To sum up, both supervised classification and unsupervised classification will provide a 

classified image. However supervised classification will get more focus on the features which 

are interested and important; and also the classified result will be more concise and direct for 

features which are seriously mixed with the area. Consequently supervised classification is 

chosen as the main analysis method for our application. 

3.4 Accuracy assessment 

After the image classification, the evaluation of classification has to be done. If the accuracy 

level does not achieve the requirement, some remedial actions must be taken. 

There are some ways of checking the quality of the classification. The best way is of 

course to check everything outdoor in the field, but that would probably be too expensive and 

time consuming.  

An much easier and simple way is to check the result on the computer platform, that 

limitations and difficulties will be maximum reduced. Previously choose a number of random 

pixels in the original image, then the software-classification results of those pixels are 

compared with what you would interpret the pixels yourself. The selected number of random 

pixels are the dominate key for the quality of this accuracy assessment method. If the cardinal 

number is too small, a few wrong classified pixels will greatly affect the result. So the number 

of chosen pixels should be large enough to reduce the sampling error. This accuracy 

assessment way is not the most accurate method however it is already far enough for the 

demand. The most significant advantages of this method are simple and convenient, also 

saving money and time.  

Before being used in the scientific investigation and policy decision, thematic combining 

map constructed from remote sensed data should be subjected to a rigorous accuracy 

assessment (Stephen and Raymond, 1998). It is a very specific and significant work. When 

doing two images’ comparison, the accuracy assessment of the combining result was a 

considerable element. The primary component of the combining result’s accuracy was derived 

from the two individual images’ classification accuracy. For this thesis, according a 

mathematical equation, the comparison accuracy assessment could be calculated. The Root of 

the Sum Square Method was operated in the following steps, previously K is assumed as the 

over comparison error assessment, I and J are assumed as the two individual images’ 

classified error, finally 

2 2K I J   (Lunetta and Lyon, 2004) 
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This is not the only way estimating the comparison accuracy, there still are many more 

methods. However for this thesis, the Root of the Sum Square Method is effortless and 

recognizable. 

However a Student's t-test needs to be operated. The Student's t-test was firstly 

introduced in 1908 by William Sealy Gosset, "Student" was his pen name. Gosset devised the 

t-test as a way to cheaply monitor the quality of data (Richard, 2004). A t-test is any statistical 

hypothesis test in which the test statistic follows a Student's t distribution, if the null 

hypothesis is supported. When the scaling term is unknown and is replaced by an estimate 

based on the data, the test statistic follows a Student's t distribution. A rule of thumb states 

that an estimate is significantly larger than zero if it is larger than three times the variance, for 

the research target the t-value is assumed as 2.96 (Agresti and Finlay, 2008). This means that 

layer autologous changes larger than 2.96*K are significant. Of course, the logical analysis 

would be taken based on the final data. 

3.5 Spectral bands 

In Landsat TM image data, there are totally seven bands. Since each band covers a certain and 

non-overlay wavelength segment, different bands will be sensitive to their own particular 

signatures. Thus abundant information hidden in the different seven bands, see Table 1. 

Table 1: Landsat TM band (Source: Parcak, 2009) 
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According to the table 1, different bands are used for different purposes. In my application 

monitoring urban area is set as the ultimate goal. As a consequence it must pay more attention 

to the bands, because there is a close relationship between the bands and the images. 

● Band 1 

A Landsat TM band 1’s wavelength is 0.45-0.52 m . Its colour is natural blue. Usually TM 

Band 1 is a good assistant for mapping the water area near the coast and distinguishing the 

soil and vegetation (Parcak, 2009). It’s important for the application to define the forest area 

and urban area. 

● Band 2 

Landsat TM band 2, whose bandwidth is 0.52-0.60 m , is within the green range of the visible 

part of the electromagnetic spectrum. Hence it’s very suitable for measure the peak of green 

reflection from the vegetation; vegetation discrimination; assess the vigour and health status 

of vegetation (Gibson, Power, Goldin and Rudahl, 2000). 

● Band 3 

Landsat TM band 3 is red, its wavelengths is 0.63 m -0.69 m . TM band 3 is good at 

discriminating different kinds of plants; also it is suitable for detecting the soil boundary lines 

(Parcak, 2009). 

● Band 4 

The wavelengths of Landsat TM band 4 is from 076 m  to 0.90 m , its colour is near IR. As 

vegetation has a very high reflectance in the near infrared, TM band 4 is particularly well 

studied to the vegetation monitoring. Since the strong absorption of near infrared from water, 

TM band 4 can also used for water body delineation and for soil moisture discrimination 

(Gibson, Power, Goldin and Rudahl, 2000). 

Both band 3 and 4 are significant for distinguish the vegetation area and open area in the 

application. 

● Band 5 

Landsat TM band 5 lies between 1.55 to 1.75 m  wavelength segment, and it’s very sensitive 

to measure of water in plants, which would be an effective assistant in crop drought and in 

plant health analysis (Parcak, 2009). 

● Band 6 

The wavelengths of Landsat TM band 6 is from 10.40 m  to 12.50 m . Unlike the rest bands’ 

resolution which is 30 m, TM band 6’s resolution is 120 m. It is sensitive to locate thermal 

pollution and geothermal activity (Parcak, 2009). 

● Band 7 
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Landsat band TM 7 is covering the wavelengths form 2.08 m  to 2.35 m . TM band 7 is in 

the reflected infrared portion of the electromagnetic spectrum and has application in geology 

because of the presence of clay absorption bands. In addition, it is sensitive to moisture 

content (Gibson, Power, Goldin and Rudahl, 2000). It’s very specific to find out the urban 

area. 

4. Study area 

Calgary 

Calgary city is located in the south of Alberta province, Canada. It is the biggest city of the 

province. This Calgary area is dominated by the foothills and high plains. The average 

elevation of Calgary is about 1000 m above the sea level. The location of Calgary is the 

transition zone between the Canadian Rockies foothills and the Canadian Prairies. Calgary is 

especially close to the Canadian Rockies, approximately 80 km east away the front border of 

Rocky Mountains. The location of Calgary in Canada is shown in Figure 9 and the satellite of 

Calgary urban area is shown in Figure 10. 

 

Figure 9: satellite image of the location of Calgary in Canada 

http://en.wikipedia.org/wiki/Canadian_Prairies
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Figure 10: Satellite image of Calgary 

In 2008 Canadian civic census, the population of Calgary is 1,042,892. Calgary ranks the 

third largest civic municipality by population in Canada (Civic census department of Calgary, 

2009). Though Calgary has already become a diversified economic system, oil and gas are 

still the two main contributors to the economic development of Calgary. And their economic 

dominate roles in the growth of GDP won’t change in the few years (Calgary economic 

development, 2009). 

The Calgary city is made up by an inner metropolitan area surrounded by many 

decreasing population density communities. Consequently various Calgary’s suburbs are 

merged into the urban district. There are two principal rivers go through the city area. One is 

Bow River which flows from the west to the south; the other one is Elbow River, It starts 

form the south and flows northward. Those two rivers finally converge in the downtown area. 

Since influencing by the elevation and close to the Rocky Mountains, generally the Calgary 

region assumes a highland continental climate with long, dry winter and short moderately 

warm summer. Thus the crowded vegetation usually appears near the river valleys. 

5. Material 

Two Landsat 5 images of Calgary had been downloaded from the internet: Calgary in 1985 

and Calgary in 1999. 

http://en.wikipedia.org/wiki/Continental_climate
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5.1 Calgary image in 1985 

Calgary image in 1985 was downloaded from GeoGratis Canada’ database and it was 

produced on July 26
th

 1985. The Canada Centre for Remote Sensing (CCRS) provided the 

Calgary 1985 image, which is an organization that manages the data provided by various earth 

observation satellites among them which are Landsat, SPOT, RADARSAT and NOAA.  

In order to allow individuals interested in developing their own expertise in using satellite 

imagery, CCRS presents 17 Landsat-TM images covering all Canadian capitals and a few 

other important cities. Calgary was one of them and produced in 1985. Each pixel had a 

resolution of 54x54 meters and the image covers approximately an area of 185 by 185 km 

(Natural Resources Canada, 2009). The original image of Calgary in 1985 is seen in Figure 

11. 

 

Figure 11: The original image of Calgary in 1985 

The images acquired by the TM sensor were transmitted to ground stations in 7 spectral 

channels (colours), each one representing a portion of the sun's spectrum. The combination of 

3 bands enables the generation of colour products. For example, the combination of bands TM 

1 (blue), TM 2 (green) and of TM3 (red) generates a product in natural colours. The 

combination of bands TM 2 (blue), TM 3 (green) and TM 4 (red) generates a false colour 

composite that had a spectral resemblance to infrared colour photographs. By combining 

spectral bands in different orders, it became possible to extract certain characteristics of the 

earth's surface as shown in the following brochures.  

5.2 Calgary image in 1999 

Calgary image in 1999 was provided by the Urban Landsat: Cities from Space, 
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Socioeconomic Data and Applications Centre (SEDAC). The image was produced on July 9
th

 

1999. 

The SEDAC’s data archive contained many final versions of Urban Landsat: Cities from 

Space. This archive contains jpeg images of 66 urban areas and binary, raw input data for a 

subset (28 totals) of different countries.  Each image showed a Landsat false colour composite 

in UTM projection. The R/G/B layers correspond to TM/ETM+ bands 7/4/2. Each pixel is 

30x30 meters in area and most images are 30x30 km in area (Natural Resources Canada, 

2009). Linear stretch has been applied to the images. The Landsat data files contain six 

reflected bands. Calgary was a city among those cities and its Landsat image made by land sat 

5 in 1999. The original image of Calgary in 1999 could be seen in Figure 12. 

 

Figure 12: The original image of Calgary in 1999 

6. Methodology 
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The original Landsat images in 1985 and in 1999 were neither in the same size nor in the 

same coordinate systems. Consequently, normalization work was significant, the correction 

works should be done.  

Both of the images were produced in July, the one 1985 was on 26
th

 and the other one 

1999 was on 9
th

. They differ from each other only by a few days, but in the same season. 

Generally in the same month in summer, the weather condition won’t be quite different. So 

almost they are in the similar weather standard.  

Secondly, those two raw images were not in the same size. Since the original image 

Calgary 1985 was much bigger than Calgary in 1999, in other words Calgary 1999 image’s 

area was included within the Calgary 1985 image’s area. In order to cut out the bigger parts of 

image Calgary 1985 and make it into the Calgary 1999 image’s size, geometric correction 

was performed using Erdas software. During this step, ground control points (GCP) were the 

primary key. Some obvious points were chosen as the GCPs, then based on the GCPs image 

Calgary 1999 was overlay on the image Calgary 1985. Big crossing, vivid corners, 

outstanding points and obvious feature places, were used as points for the overlapping 

between two images. Corrected images are shown in figure 13. 

 

Figure 13: Overlay correction images 
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After the registration, image Calgary 1985 was cut into image Calgary 1999’s size. The 

final image of Calgary in 1985 is shown in Figure 14. Now the two images have the same 

conditions, whatever the size, coordinate system and weather. And both of those two images 

covered a 30000m*30000m area where the Calgary urban area was located in the centre. 

 

Figure 14: The final image of Calgary in 1985 

For the next image processing step, training area were defined. Training area with 

different features would be determined. However, usually in some places features were tightly 

mixed and very hard to distinguish. Thus enhancement works were required. 

Standard deviation stretch, which had been mentioned in chapter 3.2-Standard deviation 

stretch part, would be automatics displayed when opened the image in Erdas. The stretch 

image extensions calculated the mean and standard deviation of each band, then uses this 

information to perform a linear stretch with two standard deviations above and below the 

mean. The advantage of this method is: it will get full control to adjust the stretch, brightness 

and contrast (Mather, 2004). 
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The next step was edge enhancement. It may be used for detecting boundaries, detecting 

roads and rivers, mapping of lineaments to aid geological ground surveys, detection of 

seismic horizons in the automation of geological interpretation. After performing the edge 

enhancement, the edge would be more visually prominent within an image. Since the 

techniques would increase the gray-level difference between the boundaries of the two 

regions (Hawkes and Morgan, 2000). 

By using edge enhancement, it was able to clearly distinguish different features in such a 

small area. Because edge enhancement performs the distortion of average intensity near the 

borders separating image areas with different input intensities (Leondes, 2002). However 

noise decrease contrast sensitivity, edge enhancement was needed to compensate for it.  

In the third step, it was the features selection part. Five features were very salient and 

commonly appear in the image, and their edges were easy distinguished. They five features 

were urban area; forest area; open area; water area; low vegetation area. Those five land 

forms were the most typical and dominate features in Calgary area image, consequently it was 

much meaningful to monitor their changes for the land use and urban sprawl research. 

The forth step in the classification operating process, supervised classification process was 

operated in the ERDAS for those two images. Maximum likelihood classification which had 

been introduced in chapter 3.3.1 was chosen as the method. Finally, the classified images 

came out. 

For the next step, the accuracy assessment was performed in the ERDAS software. Two 

hundred random pixels were selected in the raw-image, and then the comparison work was 

displayed which had been described in Chapter 3.4. The results of two image’s accuracy 

assessment were calculated, and then founded on the Root of the Sum Square statistic method, 

the accuracy assessment of calculation combining image was computed. 

At last, using the Student’s t-test method to check each layer’s change, if it met the test’s 

condition that meat it was significantly, otherwise was not. 

7. Result 

After the operation described in chapter 5, the Calgary city’s classified images were produced, 

see figure 15. However the five different kinds of layers were displayed by their own unique 

colours: urban area was displayed by pink; open area was displayed by yellow; water area 

was displayed by blue; low vegetation area was displayed by green; forest area was displayed 

by orange. 
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Figure 15: Classified Calgary image in 1985 

By performing the accuracy assessment test method, the accuracy overall of Classified 

Calgary image in 1985 was estimated to 86%. This result corresponded to a classified error of 

14%. It had met the requirement.  

For the Calgary 1985 image, the area of urban layer was 342 km
2
. It accounted 38% of 

the whole monitoring region; Open area was 221 km
2
, it accounted 25% of the total area; 

Water area was a little small, it had 33 km
2
 and its percentage was close to 4%; Low 

vegetation area was the second largest layer in this region which is 265 km
2
, it took 29% of 

the total region; in this region only few forest area existed which accounted 39 km
2
, and took 

approximately 4% of the total area. See Table 2. 

Percentage of total area = each area / 900 km
2
 

The estimated class error is 14% for all, consequently: Classification error = each area * 14% 

Table 2: Area statistic of Calgary 1985 

Calgary 1985 Area (km
2
) Percentage of total area Classification error (km

2
) 

Urban area 342 38% 48 

Open area 221 25% 31 

Water area 33 4% 5 

Low vegetation area 265 29% 37 

Forest area 39 4% 5 
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The classified Calgary image in 1999 is shown as Figure 16: 

 

Figure 16: Classified Calgary image in 1999 

Also by performing the accuracy assessment test method introduced in Chapter 3.4, the 

accuracy of Classified Calgary image in 1999 was estimated to 88%. This result corresponded 

to a classified error of 12%. 

In Calgary 1999 image, the statistic result showed: urban layer was still the dominate area 

and its area was 380 km
2
, which accounted 42% of the total area; open area was 73 km

2
 

square meters, it took 8% of the whole region; the area of water layer was 23 km
2
 that 

accounted near 3% of the whole area; Low vegetation area was 356 km
2
, it accounted almost 

40% of the whole area; forest area was 68 km
2
, it only took about 8% of the region. See Table 

3. 

Table 3: Area statistic of Calgary 1999 

Calgary 1999 Area (km
2
) Percentage in total area Classification error (km

2
) 

Urban area 380 42% 46 

Open area 73 8% 9 

Water area 23 3% 3 

Low vegetation area 356 40% 43 

Forest area 68 8% 8 
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The estimated class error is 12% for all, consequently: Classification error = each area * 12% 

Then make these two years’ statistic result of each feature’s percentage in total area in a 

histogram, see Figure 17. 

High limit of percentage in total area = Area + Standard deviation area / Total area 

Low limit of percentage in total area = Area – Standard deviation area / Total area 

 

Figure 17: Features’ percentage in total area in 1999 and in1985 

Since those two data are from different years’ images, it was necessary to compare those 

two’s results, see Table 4. 

Table 4: Calgary changed area statistic table 

Calgary Changed area 

(square kilometre) 

Changed 

percentage in total 

area 

Changed 

percentage in their 

own layer 

Urban area 38 4% 11% 

Open area -148 -16% -67% 

Water area -10 -1% -30% 

Low vegetation 

area 

91 10% 34% 

Forest area 29 3% 74% 

Changed area = Area in 1999 – Area in 1985 

Changed percentage of total area = Changed area / 900 km
2
 

Changed percentage in each layer = Changed area / previous area 
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The accuracy of changed area was estimated by the Root of the Sum Square Method 

which has been introduced in the in Chapter 3.4. Since the classified error of Calgary 1985 is 

14% while Calgary 1999 is 12%. Consequently the result of the comparison image accuracy 

could be calculated. 

I=14%, J=12%, 2 2 2 214% 12%K I J     = 18.44% 

Therefore the estimated variance of the changes is 18%. 

Next in order to test if the changes are significant, the Student's t-test should be bright out. 

A was assumed as the t-test index which calculated as: A = 2.96 * K, A was equal to 53%. 

The layer change percentages were received from “Changed percentage in their own 

layer” theme. However only open area 67% and forest area 74% were larger than t-test index 

53%, meanwhile the rest, urban area 11%, water area 30% and low vegetation area, were not 

significant. Definitely these circumstances should be considered in the following discussion 

and conclusion part. 

After the statistic of the comparison result, we found that urban area had increased 39 km
2
 

in Calgary till 1999; Open area had decreased 149 km
2
; Water area had decreased 10 km

2
; 

Low vegetation area had increased 91 km
2
; Forest area had increased 29 km

2
. Compared with 

their own layer in Calgary 1985’s image, in Calgary 1999’s image urban area had increased 

11%; Open area had decreased 67%; Water area had decreased 30%; Low vegetation area had 

increased 34%; Forest area had increased 73%. See the histogram in Figure 18. 

 

Figure 18: The histogram of each feature changed percentage 

Nowadays, over 75 percent of populations of the Canadian live in the centres which are 

termed as urban in the census (Clark, 1982). During the last decade, not only the natural 
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environment has changed but also the population of the Calgary civic people has increased. 

From 1985 to 1999, the population of Calgary city had taken on great changes. The 

population factor cannot be ignored in the next analysis step. The statistics result of Calgary 

historical population is shown in Table 5. 

Table 5: Calgary historical population statistics 

Census 

Year/Month 

Population Increase/ 

(Decrease) 

 

% growth from 

previous 

1985 April 625,143 / / 

1990 April 692,885 67,742 10.84% 

1995 April 749,073 56,188 8.11% 

1999 April 842,388 93,315 12.46% 

(Civic census department of Calgary, 2009) 

Population changed = 1999 population – 1985 population 

% growth from previous = changed population / population of previous 

Total population changed: population 1999 - population of 1985 

Total population changed = 842,388-625,143 

= 217,245         

% growth from 1985: changed population / population of 1985 

= 217,245 / 625,143 

= 34.75% 

Gathering information from the table, from 1985 to 1990 the population increased 

percentages was around 11%, and from 1990 to 1995, the population increased percentages 

were around 8%. However from 1995 to 1999, there was a sudden increase of population and 

the growth percentage rushed to 12%. The total population also had a huge increase during 

the past ten years as well. From 1985 to 1999, the population of Calgary had grown 217,245, 

put it another way its growth percentage reached amazing 34.75%. The population growth 

trend from previous could be shown in Figure 19. 
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Figure 19: % population growth from previous between 1985 and 1999 

Population and urban sprawl are growing in a similar fashion. However put all the 

statistic results into a line chart so that the outcome will be more ocular represented. All the 

factors are included in Figure 20: urban area, open area, water area, low vegetation area, 

forest area and population. 

 

Figure 20: Line chart of all the factors’ changes 

In Figure 20, the highest orange line represents the changes of forest area. The green line 

represented the low vegetation area and the red line displayed the population, their slopes 

were very close to each other. It described that their change trends were similar. The lowest 

pink line in the hyper-zero range is the urban area. Those four lines were greater than zero 

present, so that meant their tendencies in growth from 1985 to 1999 increased. The blue line 

represented water area and the yellow line represented open area, both of them were below 

zero. That showed they were always decreasing form 1985 to 1999. The open area decreased 
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the most from 1985 to 1999, since in the minus-area the yellow line’s slope is much steeper 

than the blue line’s. 

8. Discussion and conclusion 

Since the statistic results are from classified image, some analysis works are indispensable. 

Both social and physical factors should be considered to draw inferences from the facts. 

From 1985 to 1999, the urban area in Calgary had increased 38 km
2
, from 342 km

2
 to 380 

km
2
,but the change of percentage was the smallest among the five layers. Unfortunately the 

urban area change percentage 11% did not achieve the t-test’s index 53%, it was far away 

from the significant index. The only consistent topic about city is that it never stops changing 

(ZumBrunnen, 1992). Since the cities were born, they always gradually changed by the 

process of creation and demolition. Urbanization is regarded as the perfect style and the core 

process during the cities’ changing. However at certain periods different fundamentally 

processes of urbanization have emerged; urbanization finally will lead to the rate of urban 

change accelerated and some new, distinctly different urban forms developed (Hall, 2000). 

Meanwhile the urban area is always the most important and dominate role in a city; it also 

always be huge area base (Schreiber and Clemmer, 1982). The percentage changes of urban 

area won’t be an unusual oscillation. Urban sprawl could be seen clearly from both the images 

and the population data, the city became bigger in size and faster in massive urbanization 

construction. The Calgary city spread to the periphery part, many old suburbs area had 

changed into urban area, also many wastelands were developed. Urban sprawl was flourishing 

and efficiently between the period from 1985 to 1999. 

From 1985 to 1999, the open area had changed from 221 km
2
 to 73 km

2
, whose change 

percentage 67% was greater than t-test index 53%, it was a statistical significant change. 

Open area is somewhere covered by nothing but soil or the ground. A large open area likes a 

small continent which is most favourable for the production of new organic forms (Darwin, 

2009). Thus, in Calgary city the open area next to the urban area was regarded as the first 

choice and best choice for urban expansion. Buildings were easily constructed on the open 

area. Many open areas are transformed into urban area in the last dozen years. There was 

another reason for open area declining. While leaving the open area unattended, naturally 

some wild vegetation would grow on it. Consequently the open area and low vegetation area 

became very easy to be mixed together, as a result it’s very difficult to distinguish. To take a 

simple example, in spring vegetation were growing and lush, the low vegetation area would 

become much larger; on the other hand, in the winter most vegetation died while the open 

area would replace the old vegetation area. So depend on the season, its huge percentage 

change was explicable. 



                                               

37 

 

Water area also had changed a lot between 1985 and 1999, its area had decreased from 33 

km
2
 to 23 km

2
. 10 km

2
 water areas disappeared and it accounted 30% of the original water 

area. Its change percentage 30% was less than the t-test index 53%, which meant water area 

change was not significant under t-test standard. However the revelation is still sorely needed. 

According to the observation, first some tributary rivers are so narrow that were easily to be 

missed or ignored; even more seriously some were misunderstood by the other features during 

the classification. Therefore there were some unavoidable errors existing. It was the one factor 

for the water area reduction. Based on careful identification, natural water area losing was 

another factor, it referred to the environment change and climate change. During the cold 

water months, water area declined soon, especially Canada is a North Country that winter will 

be even longer (Jameson, 2008). Thus in the summer time it’s the boom time for water area, 

there will be much more water area than winter (United Nations and Annan, 2003). The last 

reason, some ponds and tiny tributary rivers dried up or became smaller, that they could not 

be detected by the satellite any more. 

Low vegetation area covered 265 km
2
 in 1985, but in 1999 it increased to 356 km

2
. It was 

started from 1985, and as of 1999, there were 91 km
2
 new low vegetation areas born during 

the past 14 years. 34% as its own change percentage did not met the t-test significant index 

53%. Changes in vegetation cover related to natural causes (Kepne, Rubio and Mouat, 2005). 

Vegetation grow depend on many factors, for example the life-form; the annual growing 

season (Bonham, 1989); the weather; the climate cycle; water and rain fall situation; the 

environment nearby and so on (National Cooperative Highway Research Program, 2005). So 

the low vegetation’s range was always being a dynamic situation for the different seasons and 

its cycle period was one year. The low vegetation cover area were volatile at different times, 

thus its change was natural and unavoidable. 

The last layer was forest area. Forest area had increased from 39 km
2
 to 68 km

2
 between 

1985 and 1999. The forest area’s change percentage was the highest of all the five layers, 

which reached 74%. Plant cannot live without water, and riverside is the best place for trees 

living (Kinney, 2009). So in the Calgary area, most forest grew along the river way and locate 

nearby. Thus water supply would not be problem anymore. Both in 1985 and 1999 images, 

forest were always following this rule. In the 80
th

 the western countries had established some 

policies and laws to protect the forest and green area. Cut down trees should report to the 

government first and only if the report had been accepted, the lumbering action could be 

operated (Food and Agriculture Organization of the United Nations, International Tropical 

Timber Organization, 2005). Those rules led the number of forest had a vivid grow as a result 

during the past ten years. Consequently under the standard management of government more 

forest area would come out. 

http://books.google.com/books?q=+inauthor:%22International+Tropical+Timber+Organization%22&lr=&source=gbs_metadata_r&cad=5
http://books.google.com/books?q=+inauthor:%22International+Tropical+Timber+Organization%22&lr=&source=gbs_metadata_r&cad=5
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In Figure 20, we found that the population of Calgary never stopped growing from 1985 

to 1999, and the urban sprawl process also had kept moving. However the urban area’s 

change was not significant, it could be a reference data to show the urban increase from one 

side, the accuracy of urban area sprawl was still indefinable. Open area’s decline presented 

the urban expansion from another view. Forest area was growing from 1985 to 1999 that 

showed that during the urbanization process, people always attached great importance to the 

natural environment. 

With the more developed regions, there are great variations in size and growth rates of 

urban area and the population (Hauser, 1986). Calgary was one of the political, economic and 

cultural centres, so urbanization and population increasing were unavoidable. 

After monitoring the two years’ Landsat images of Calgary, based on the data, post-

analysis and line chart result, some prediction could be done. Be with the diversified 

development of Calgary the momentum of population increasing would not stop in recent 

years; and the general forest environment was staying at a favourable status, forest 

conservation were perfectly done. 

In summary the research result was satisfying. The research had already achieved the 

original purpose and completed the mission successfully. Landsat to be a tool for monitoring 

the urban area change, however in this application there still were many details need more 

comprehensive consideration. Generally, due to very few changes were significant, the 

method should be improved, more quantity and better quality data was required. Meanwhile 

the ERDAS software played a specific assistant for the classification process. Different layers 

with unique characteristic were classified by the supervised maximum likelihood 

classification method, each pixel was distributed to the certain class with the highest 

probability. However high quality classified images were the precondition for the accuracy 

assessment and correct analysis. Meanwhile some primary key factors which would affect the 

land use change were also considered in the analysis step. The population change could not be 

neglect, thus the civic censes information was gathered. Finally the data form classification 

image and the most effective reference factor population were combined for the last line chart 

of features change statistic, the analysis result was able to be obvious presented. 

However the results could be improved better if there were more Landsat images with the 

date between 1985 and 1999. Since the significant change result would be more, and the line 

chart of all factors could be more credible and realistic, and the change tendency of features 

would be more detailed displayed in the figure as well; some small details could be better 

shown, and the line chart would be more realistic to the real work. In addition, if some 

economic elements were considered in this research, it must be even better, for example the 

development of economy and GDP growth. Economic factor was also an important barometer 
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in the urbanization process. Its status would directly affect the speed of population increasing 

and urban sprawl. Usually the economic development was synchronized with the population 

growth. The economic GDP growth reflects many important factors for the city development, 

it related to job supply, employment, civic welfare, quality of living environment, public 

facility construction and so on. All of them affected the people's livelihood. If economic 

factors joined into the analysis, the statistic result should be more scientific and eloquent. In 

addition, borrow ideas from some similar researches for urban area study, it would provide a 

very broad view. In the classification process, urban area could be classified into more 

detailed layers: high density population area, normal density population area, low density area. 

That would be a more granular and particular way for urban settlement and population study. 

Each community was developed with different responsibility: some were business centre, 

some were residential area, and some were industrial park. However the populations of 

different function community had huge difference. The responsibility of communities and 

population were inseparable, for the deeper land use management research the density of 

community must be considered. But unfortunately those researches need much more 

particular population data and community data that both of them were difficult to collected, 

much more time would be supposed. It might also bring more issues, these kinds of refined 

and embedded work would relate to broader field, for example the age structure, sex ratio, and 

employment status and so on. Then the research will require much more accuracy data for 

each community and much more time. It’s a very significant work for the further land use 

management study, there is still room for improvement of those ideas in the future.
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