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Abstract

Urbanization is the dynamic process and it is one of the more important indicators of development. Though
it is happening rapidly, in developing countries like Sri Lanka, the process of urban expansion is
underestimated, due to use of traditional admialigtn boundaries to demarcate urban area. But in the
developing countries the urban expansion is happening beyond the traditional boundaries and without
proper planning. Therefore the identification of urban expansion and direction of urban expansion are
important for urban planning and to measure the level of urbanization. Statistical inforadatiers

difficult to measure urban expansion because, it is physically observable phenomena on the earth surface,
both horizontally and vertically. Therefore siphand temporal analysis is important to understand urban
expansion, and for this both RS (Remote Sensing) and GIS techniques provide unrivalled opportunity to
analyze urban expansion. Therefore main objective of this study is to analyze the urbaioexpahe

Kandy urban area both temporally and spatially since 1976, using RS and GIS. The findings of the study
will be very useful to redefine the urban boundaries of the Kandy urban area and formulate policies and
strategies for future urban developrhanKandy urban area.

Introduction sensing and GIS techniques provide unrivalled
opportunity © analyse urbanization, urban
Urbanization is a dynamic process and it isgrowth and urban sprawl. The main objective
one of the most importanindicators of  of this study is to analysis the expansion of
development. In demographic point of view yrban population in Kandy urban area since
urbanization is defies as percent of urban 1976 and identify new urban boundary for
population tothe total population andthe  Kandy by using remote sensing and GIS.
urban population is growing rapidly in Sri
Lanka. Therefore the natural urban boundaryBackground
is also expanding. But we still use the
administrative boundary as the wurbanln broader sense urbanization is a vast process
boundary which has createthny problems in of development or increasing activities of
urban planning and service providng.peopl e in an area known
Therefore identification of urban expansionthe structural changes in physical, secio
and its direction is important for future economic, demographic and cultural aspects
planning and management of urban areas.  of human life. Normally, the levelof
development of a country has a direct
Urbanization is  physically — observable relationship with the level of urbanization of
phenomena on the earth surface whichthe country since development of secondary
happens both horizontally and vertically and tertiary sectors of the economy influences
therefore spatial analysis is important tothe urban growth. This process is cumulative
understand urban expansion and remotend increases general scale dflsments due
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to progressive concentration of people and1931 737273| 15.0 3.4 42
activities in urban areas. As results of thesel946 1023044| 154 1.9 42
processes urbanism spreads beyond -bpilt | 1953 1239133, 15.3 21 43
areas of towns and makes economic, social963 2016285 19.1 6.2 99
and technological changes in surrounding rural971 | 2848116] 22.4 4.1 135
areas. log1| 3192489 215 1.2 134
When considering the process of urbanizatim2001 2222273;?1 146 113 15
in global context, level (rate) of urbamzatlorﬂ2011 P 51 138

in developed countries is much hlgher than th STncluding population in MunicipalCouncils, urban councils and Town
developing countries for instance averagecouncis

level of urbanization in South Asian region is «gxciuding population in Town Council

around 30 percent compared to g&cent in «« gsimate

|n(_justr|allz_ed _naftlons (United Nations, 2012.)' Source: Department of Census and Statistics, 2005,
Sri Lanka is similar to most of the developing 2011

countries which has been experiencing a slow

urbanization for a long time. The percentagéTne apove table clearly shows that the
of urbanization is 15.1 percent in 2012 ,rphanjzation and urban growth has declined
suggesting that SriLanka has very low gince 1980s.0ne reason for declining the

urbanization relative to its per capita INCOMe percentage of urbanization and urban growth
(World Bank, 2012). may be due to the change of the definition of

_ _ ~ urban area. Before 1987, areas which were
Urban growth is the increase of populationgjassified as urban included municipal
living in the urban areas of a country and it is councils, urban councils and town councils. In
measured as the percentage of average annudg7 unde the 13th Amendment Pradeshiya
rate of change. Not like urbaaion, urban  saphas (rural councils) were created. By this
growth is high in the developing countries omendment town councils which were
than the developed countries. As an example | 3ssi fi ed under Aurbano
the urban growth in the Asia is 1.5 and it is 1.1yjth rural councils (Pradeshiya sabhas), thus
in Africa _(World l_eranlzafuon pro_spect, 2014). g7 town councils were reclassified as
The regions with relatively high level of prageshiya Sabhahis situation lowered the

urbanization havelow level of urban growth percentage of country’s urbanization and urban
and it is less than 0.4 percent annually ingrowth,

developed countries. In general, urban growth

slows down as population becomes morepefinjtion of urban area of a country is very
urbanized. In Sri Lanka, urban growth rate hagmportant in understanding the real picture of
stagnated at 1.1 per year for a long periodyrpanization of a country. The literature shows
Official statistics shows that urban populationtpat apsence of an acceptaldefinition of
growth averaged 0.3 percent a year over 2005,/han areas as a major reason which is
2010 (World Bank, 2010). The table 01 showsyesponsible for decreasing trend of level of
the_r trends (_)f urbanization and urban growth inypanization in Sri Lanka (Uduporuwa, 2010).
Sri Lanka since 1871 to 2011. Unlike other countries an 'urban area' in Sri
Lanka has not been defined based on the size
of population, popukion density, proportion
of the male population in non agricultural
occupations or status of civil administration

Table 01: Urbanization, urban growth in
Sri Lanka during 1871-2011

Ve | Lypan | evelor [ Uan [Roof | ¢ P o0 UG T Lo n T erred on an
. urbaniz | growth | towns ;
population ation in charge of local government purely for local
1871 260376/ 108 19 administrative purposesHowever ministerial
1881 281065| 10.2 08 20 discretion seems to be based on the nature of
1891 321413| 107 1.4 20 the development of the locality or #snenities
1901 414046| 11.6 2.9 28 and urban charactef®slendis, 1982).
1911 537666 13.1 3.1 37
1921 631871 14.2 1.7 42
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However, many areas that were not defined ageographers have neglected this tradition
‘'urban' for the Census show in irgasingly because urban geography is considered as a
urban characteristics such as high populatiorbranch of human geography rather than a
and building density and urban sprawl isscience. Another reason is lack of
happing beyond the urban boundaries. Urbanechnological and spatial andbal power
sprawl is the expansion of human populationamong urban geographers. This study suggests
away from central urban areas into previously'spatiotemporal’ approach to study
remote and rural areas. @pared with the urbanization, urban growth, and urban sprawl
developing countries, urban sprawl is high inin Kandy city and surrounding area using GIS
the developed countries, through the procesand Remote sensing techniques. RS is a
of counter urbanization and suburbanization.helpful tool for better understamdj of the
In developed countries urban sprawl isspatictemporal trends of urbanization and to
happening concentric growth around the coremonitor the spatial patterns of urban land use
and this process cated as urbanization. But change compared to traditional soccio
most of the developing countries the processeconomic indicators such as population and
of urban sprawl is happing alone the mainemployment. RS and GIS technology can play
road.Being a developing country Sri Lanka is an important role in studyinghe pattern of
not an exception and urban sprawl isurban growth. With multtemporal analysis,
hapgening alone the main road and these techniques give a unique perspective of
suburbanization was undstemated. In  how urban areas have grown and it is only a
addition, floating population may not be solution for continuous monitoring of urban
counted as urban in Sri Lanka. According toareas.
official statistics, approximately 400000
500000 and 150000 floating population There are a number of research papers
attracts on any working day in the Colomboavailable; GIS and RS application on
and Kandy city respectively (Worldank, estimating urban population, monitoring urban
2012). land use changes and urban sprawl in other
countries. Baudot (1993) has done a research
The above background clearly shows thaton application of RS to urban population
urbanization and urban growth in Sri Lankaestimation in Marrakech, Moroccasing
are much debated and there is consensus th&POTS XS+P dataAn estimation of the
the country is urbanizing faster than the population was made by using a segmentation
statistical figures suggest and empiricalin areas of homogenous urban topology. The
evidences show that it is ening beyond study done by Saravanan and llangovan
the traditional urban boundaries. However, it(2010) demonstrated urban expansion of
is important to develop techniques to analyzeMadurai and identified the temporal and
urbanization, urban growth and urban sprawlispatial development patterns byings multi-
in the country to get a real picture of temporal RS images and GIS tool. Moeller
urbanization in Sri Lanka. (2005), Gupta (2013) analyzed urban sprawl
using RS images and wind rose diagram in
Although, there are severalritings which  different directions and distances from growth
examinedhe trends of urbanization and urban centroid of an urban area. Moller carried his
growth in Sri Lanka (see Panditharatne, 1961yesearch on Phoenix, AZ mepolitan area.
1964, 1969, 1996, 2009 and 2011;This study used satellite imagery from several
Selvaratnam, 1970, Silva and Gunawardenasensor systems and an object oriented image
1971) in the demographic and seeiconomic  analysis and classification approach. The
perspective, there are hardiyyastudies which  change results of the six periods investigated
are based on spattemporal perspective. have been analyzed in terms of growth
Spatial analysis was a popular approach in thelirection and distancé&upta has also done a
positivist tradition in urban geography during very similar study for the Dehradun urban area
19501970 and it is still a popular approach inin India. However these studies did not
urban geography. This approach couldaddress under estimation of urbanization and
redefine urban gepaphy as a science of just analyze urban growth, urban land use
spatial relationship. However Sri Lankan
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changes and urban sprawl to show the strength 3.
analytical mwer of GIS and RS.

In Sri Lanka, there is hardly any study which

is based on GIS and RS application on
monitoring urbanization, urban growth and 4.
urban sprawl. According to the available
literature in Sri Lanka, a few studies are
available with GIS and R8pplications which
analyzed the vegetation changes and

Produce a land use/ land cover map of
Kandy urban area in different time
periods in order to detect changes that
have taken place paularly in the
built-up and homestead land

Analyze the urban sprawl of Kandy
city.

These finding will help to predict
urban growth and redefine urban area.

temperature in urban areas. Wijesekera andFive criteria have been developed to identify

Manawadu (2009) analyzed

impact of rapid urbanization on the vegetation 1.

cover in Colombo metropolitan region using

remote sensing data. Meanwhillanawadu 2.

(2009) analyzed the changing patterns of

surface temperature in Colombo city using 3.

remote sensing data. However these studies
were not focused urbanization, urban growth
and urban sprawl.

the adversethe urban growth and urban sprawl.

Population  desity should be
increased spatially and temporally
Vegetation cover should be reduced
spatially and temporally

Built up area and homestead area
should be increased spatially and

temporally

Land surface temperature should be increased

spatially and temporall

Aim and objectives

Methodology

The overall aim of this study was ayze the
urbanization, urban growth and urban sprawl
in Kandy city and surrounding area using GIS
and RS to find an answer for under estimatio
of urbanization.

The specifimbjectivesof the study are;

The methodology of the study is summarized
in Figure 01 and all the steps and methods are
described in detail below. As mention above,
"the information contained in this study is
primarily generated by using population data
and remote sensingata. The time series data
of satellite images: 1976, 1992, 2001 and 2011
(See Table 02 and Fig 02) were used to
generate land cover maps, to identify land
cover changes and to extract built up and
homestead area. Using population data
population density aps were developed.

1. Identify and analyze the urbanization
and urbangrowth in Kandy city and
surrounding area

2. lIdentify and analyze the land use
changes in Kandy city and the
surrounding area

29



Spatietemporal Analysis of Urbanizatiotjrban Growth and Urban Sprawl Since 192611 in Kandy
City and Surrounding Area using GIS and Remote Sensing

steps

I

| Data collection ’—“‘ Population

census data

Downloaded satellite images 1976/1992/2001/2011 ‘

| !

Data processing ’—" Develop spatial data base

!

Geo-pracessing/subset/Filtering ‘

population d

¥ ¥
Data aw Time series analysis, Image classification Band math operation
Create temporary

4

Testing and
identificationof | 4
urban growth

h 4

ensity map /

NN

Subtract built up area

| ‘ Change detection | NDVI/NDWI/NDB |
1

Develop temporal map
for build up area

Develop temporary land use map

l

l

| 8 direction wind rose a

nalysis

‘ Area calculation

Interpretation >

=i Analysis of urban growth & sprawl ‘

Study Area

The study area of this research is the Kandy

Figure 1: The Flow diagram of Methodology

city and itssurrounding. Kandy city is the

second largest city in Sri Lanka and it is the
urban center in central Sri Lanka. The shape of
Kandy city is triangular and has about 5,900
acres in extent. The average elevation varies

between 1500 feet in

the flat surfaoé the

core area and about 2600 feet in the hill tops.

Kandy urban area is demarcated by natural
boundaries. The south boundary falls along the |m=--=-

limits of the hills representing approximately

30 percent of the perimeter. The West, North

and East boundaiig demarcated by Mahaweli
river and it is nearly 55 percent of the total

urban boundary. The other 15 percent falls

Geographical background of the study area

Legend

50 2100 4200 Meters
o F0) e owy

along the natural streams or over hill tops. The Figure 2: The Study Area
expansion possibilities of the city are limited pata Sources

due to natural boundaries in all directicarsd
the city is in a land locked location.

The GN division which

boundary is selected as study area. Figure O

present the study area

is 2 km beyond urban

30

Basically, this study is based on two types of
data: satellite image data and population data.
Petails of the satellite data acquired for this
study is given in Table 02 with the
specifications of their spatial resolution,
spectral resolution and date of atd
acquisition. These satellite images were
downloaded from the United States Geological
Survey (USGS). The downloaded temporal
images of study area are shown in Figure 03.
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Because the data availability is limited, datatype of data is popation data which was
with varying resolution has bearsed and it collected from census reports in Sri Lanka.
will affect the area calculation and land useHowever the census years are not exactly
comparison in different time periods in the compatible with the time of satellite image
urban area. However, geometric correctiondata therefore closest census years: 1971,
and re sampling techniques were introduced td 981, 2001 and 2011 were considered.
reduced some of these limitations. The other

Landsat MSS| Landsat 5 TM | Landsat 7 (2001)| Landsat 7 (2011)

(1976) (1992)

Ground sampling Band 15 and 7 | Bands 15 and 7 | Bands 15 and
Spatial intervat57*32 _ 30*30m 30*30 7-30*30
resolution Scene size Bar_ld 620*120 Band 660*60 Band 660*60

184*185.2 8 bit (256 level) | Band 815*15 Band 815*15

8 bit (256 level)

Band 10.5-0.6 Bands 15and 7 | Bands 15and 7 | Bands 15 and 7
Spectral Band 20.6-0.7 Band 6 Band 6
resolution Band 30.7-0.8 Band 8 Band 8

Band 40.8-1.1
Date of 1992.02.10 2001.03.14 2011.03.16
acquisition

Table 02: Specification of various sensors and image data used

Landsat MSS-1976

Landsat ETM= 2001 Landsat ETM+ 2011
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Pre Processingof Data Built up and homestead areas were extracted
Population data of each GN divisiowas by using classified land use maps and those
areas were analyzed spatially and temporally

collected and a spatial data base Wasoy using 8 direction wind rose diagram. To

developed to accommodate these pOpUIat'o%levelop the wind rose diagrnKandy clock

data. Before analysis started, satellite image§Our was overlaid as a centroid and from that

were treated several times step by step. At the . .
beginning the downloaded pfo)u/r st)iteIIite point 1 km incremental buffer was created by

) . using GIS software. By overlaying 8
Images were geceferenced in UTM G 84 directions wind rose diagram, built up and
projection system and they were thenh ) X
. : : omestead area were analyzed in different
converted into the national coordinate system,[ime periods
Then the clougshadow masking was done to '
remove clouds which were present in SOMe .o its
images. In the third step all the images were
resampled by 30*30 spatial resolutm 1. Identification of urbanization and urban
Finally four subsets of study area were createdjrowth in Kandy city
by using study area shape file.
Urbanization and urban sprawl of the Kandy
city were identified by doing demographic
analysis, band math operation and creating
land use maps, and it is the first objective of
the study. According to statistic the Kandy
city population was 98872 in 1981 and it has
To identify urban growth and urban sprawl, increased up to 125400 in 2011(see Figure
population density maps, band math04).
operations NDVI (Normalized Difference
Vegetation Index)!, NDBI (Normalized The percentage of urbanization (urban
Difference Built up Index) ?, surface population to total population) was 9.1 in 2011
temperaturé and land use/land cover maps but it was 12.0 in 1964. The urbanization has
were prepared. dedined from 1964 to 2011. However the
urbanization value in 2011 should be high
The first criterion is to know whether the compared to 1964 value becausamigration
population and population density have from other areas to the urban areas is usually
increasedwith the time due to urbanization in high. There may be possible reasons for this
the study area. For that purpose, populatiorunusual drop in urbanization such as @ase
density maps were developed@he second of rural population compared to urban
criterion is to know whether NDVI decrease, population, increasing out migration and
NDBI and temperature increase with the timedeclining inmigration to urban areas.
due to urbanization in the study area. Fot thaHowever demographic analysis shows that the
purpose, NDVI, NDBI and surface urban growth ratehas increased by 26.83
temperature were calculated using ERDAS 15percent and population density in urban areas
software. has increased from 3606 to 5260 per square
kilometer within the urban boundary and
The third criterion is to know whether the land surrounding area between 1981 to 2011
use changes have happened in the study areperiod.
The four sub set images of the study area were
classified into five &nd use classesuilt-up,  Population density maps clearly show that
homestead, paddy, forest and wabgrusing population is congested alone the low land
the supervised classification method, by usingareas within the urban boundary and high
parametric  classification algorithm and density can be observed beyond the city
Maximum Likelihood classifier. All the four boundaries; NorthWest towards Katugastota,
data sets were classified with the help ofSouthEast towards Ampitiya and South West
identified training data sets in the defined five towards Peradeniya (see Figure 05).
classes.

Data analysis: Identify urban growth,
urban sprawl and derivation of urban
growth
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Figure 04: Population growth in Kandy urban area since 1882011

Population density map of Kandy city and sarrounding area 0

Legend Legend

KMC_bnd KMC_bnd
sq km sq km
[ ]513-2661 [ ] 544-2203
[ 2661 - 4708 [ 2203 - 4277
[ 4708 - 7506 I 4277 - 7591
I 7506 - 25283 I 7591 - 19595
I 25253 - 43596 0 25 5 L 1|° Kilometers B 10595 - 43822

Figure 05: Population density in 2001 and 2011in the study area.

The results of the threlgand math operation; Theoretically, NDVI value over 0.4 represents
NDVI index, NDBI index and surface green vegetation. Figure 06 clearly shows that
temperature clearly show that the urbanizatiorhighest NDVI value of the value range has
had happened beyond the administrativereduced with the time. This can further be
boundary of Kandy city. NDVI index has confirmed by the reduan of white area of
declined through space and time (See Figure¢he map and the increase of dark area.

6) and we carmonclude that udn growth and

sprawl has happened beyond city limits.
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Changes of normalized difference vegetation index (NDvl) 1992-2011

Legend
Legend Legend 9
— 2z 2011ndvi.img
1992ndvi2.img 2001ndvi.img Value
Value Value - High : 0.561644
- High : 0.624161 - High - 0.6
Low :-0.52
Low :-0.306122 Low :-0.75
0 35 i/ 14 Kilometers

Figure 06: NDVI index in study area

The NDBI index has increased through spacenay be the spectral confusiaf the images.
and time and this is an indication to conformBut when the images are visually observed,
that the urban growth and urban sprawl haghe gradual spatial increase of white color area
happened beyond city limits. Produced NDBI can be seen from 1992 to 2011. This reflects
images are shown in the Figure 07.the gradual increase of built up areas from
Theoretically, NDBI value over 0.4 represents 1992 to 2011.

built up area and the color of that area is

white. If the NDBI value of 1992 is compared

with NDBI value of 2001 there is an increase.

However that value is slightly reduced when it

comes to 2011. The reason for this reduction

Changes of normalized difference built up index (NDBI) 1992-2011 0

Legend
Legend Legend N

2011ndbi.imy
1992ndbi.img 2001ndbi.img Value d
Value Val - High : 0.472527

- High - 0.407767

Low :-0.62963

ue
- High - 0.5623256

Low :-0.894737

Low - -0.470968

f 4 14 Kilometers
1 L L L |
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Like other two indices, land surface
temperature has also increased in the time an

gradual increase of both upper and lower
limits of the range can be observed from 1992

space and this indicates that the urbanizationto 2011 through 2001. However the upper
urban growth and urban sprawl have happenetimit of 2011 image is slightly lower than the

beyond city limits. The surface temperature

upper limit of 2001 adh this may be due to

ranges of 1992, 2001 and 2011 image arespectral confusion of the image (see Figure

286.62 K to 306.88K294.79K to 316.92K
and 297.36K to 315.4K respectively. The

08).

1992 2001

Spatio-temporal changes of at surface temperature

2011

Legend Legend

1992_temperature

Value
- High - 306.883

- Low : 286.62

Value

Low : 294.798

2001_temperature

- High : 316.925

Legend

2011_temperature

Value
- High : 315.412

- Low - 297 363

Figure 08: Surface temperature in the study area
Further analysis of land use changes were
done to cafirm the urbanization beyond city
limits.

2. Land use/ land cover changes

period of 1992 to 2011. However the extent of

water bodies has increased fron9290 2011

but it has to be decreased. This calculated
increase may be due to seasonal changes of
the water bodies in the area at the time of

image taking. These maps show that the

homestead area has expanded into three

The population increase and urbanization in ardirections from the city center. Atresent the

area put great pressure on the land and as
consequence the land cover will
dramatically. Therefore the analysis of land

llomestead is fully congested within the urban

changeboundary and has gone beyond the urban

boundary.

use changes was other way of identifying the

urban growth and urban sprawl. Foland

cover maps were developed for the year of
1976, 1992, 2001 and 201laccroding to five

major land use types.

These maps clearly

show that the extents of forest cover and
paddy lands have gradually decreased from

1976 to 2011. (See Figure 09). The lestent
of the vegetation has replaced by buitt

areas and homestead (see Figure 10). The
forest cover has reduced by 41% and the

paddy land has decreased by 35% during the
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Land use map of Kandy city and sarrounding area-1976

0

Legend
1976

Land use type

s

B Forest

I Homestad 0051 2
B Pacy [P |
I e

Kiometers.

Land use map of Kandy city and sarrounding area-2011

LA

Legend

N suitup
B Forest
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[ Paday
I vater

0 05 1

2 Kilometers.

Land use map of Kandy city and sarrounding area-2001

(A

Legend
Land use types

U
I Forest
I Homestaa
I Pacay
W vater

0 051 2 Kilometers

Figure 09: Land use/ land cover maps of study area
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Land use map of Kandy city and sarrounding area-1992
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Figure 10: Land use changes since 192011 inacres

Further byusing derived NDVI, NDBIl and almost similar and those resultare
surface temperature imagef 2011, land compatible with the land use classification
use were reclassified as buip, map of 2011. The results of all methods
homestead and vegetation using naturatlearly show that the urbanization, urban
breaks. The resultgre show in the Figure growth and urban sprawl has happened
11 The results ofhesethree nethods are beyond city limits (see Figurkl)
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NDVI N
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Legend

Kandy city boundry
Landuse
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Figure 11: Comparisons of the land cover classification with NDVI, NDBI and surface temperature in 2011

However within the urban boundary, there isthose areas were overlaid on wind rose for
huge vegetation land (Udawatha Kele andspatictemporal analyis of urban sprawl.
Hantana which does not show urban Figure 12 illustrates the urban sprawl (for built
characteristics. However those natural foresup area only) in different directions from 1976
areas should be preserved to achievao 2011.Kandy builtup area had been limited
sustainable urban development in Kandy city.to Kotugodella which was the core city area
Although the urban expansion possibilities arethen it had expanded into two directions
limited it is hard to except that urban namelySouthWest and NorthEast along the
expansion wil be limited, because urban Peradeniy&andy road and Kandy
expansion is happening three direction aloneKatugastota road respectively. First urban

the main road and beyond the boundary. expansion has happened towards Soudst
direction and has continued to the Neghst
3. Urban sprawl in Kandy city direction. The growth radius has increased up

to 8km fran the city core along the Kandy
In previous studies, the urban sprawl wasPeradeniya road towards Peradeniya and 4 km
analyzed by considering only built up area, buttowards north and norWest directions. Four
this study considered both built up andurban centers; Peradeniya, Katugastota,
surrounding homestead areas agban.  Ampitiya and Kundasale can be observed now
Kandy city is surrounded by hills and the at the edge of the present urban boundaries in
homestead is mixed with forest lands whichthe SouthWest, NortiWest, SoutkEast and
are known as Kandyan home garden.Eastern directions respectively. The analysis
Therefore both built up and homestead areahows that the extent of the builp area is
was analyzed separately. 2191 acres in 2011. Built up area has grown

by 14% between 1976 and 1992 and during
The built up and homestead areas werel992 to 2011 it has grown up to 54% ahdtt
extracted from land use/ land cover maps ands a huge increase.
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Figure 12: Spatiotemporal dynamic of urban sprawl, 19762011 (based on &lirection wind rose

diagram)

Further the directions and magnitudes of thecalculated for each sector by using zonal
urban sprawl were analyzed spatially andstatistics in GIS. The tabulated data has
temporally by using 8lirection wind rose converted to several graphs (Figure 13 and 14)
analysis. After overlaying the wind rose

diagram, the built up and homestead area were
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