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1 ABSTRACT

Remote sensing and GIS technologies are very msetulufor finding the Land Use/Cover maps. Thithis
paper which deals with the Land Use/Cover ChangdCC) especially to urbanization in Chennai
metropolitan area, India for past two decadeotiisent. Chennai is the fourth largest metropoldanin
India with area of 1189 km2 with 4.68 million of pdation, which is developing rapidly into urbanpast
few decades. There is heavy need of urban plarfairfgture in Chennai. This research will be a sapjfor
urban planning of the future.

The Land satellite data for three decades (19800 2thd 2012) and Digital Elevation Model (DEM) for
present were collected with 30 meter resolutiorepRycessing of all images was completed. Image
classification for mapping LUCC was performed bypenvised classification through the maximum
likelihood classification for four classes: WatBqugh land, Crop land and Urban. An accuracy asssgs

has been checked to find the accuracy of the Gileestson and the overall accuracy is about 87%n$§it#on
probability matrices were calculated for all thteee points and compared with each other (1989 2000,
2000 with 2012). The result shows that the incréaddrban and decrease in Rough land. Slope map has
been created from DEM.

Analyses of neighborhood effects were done to firel probability of land changes due to existinganrb
cells, which is calculated for each cells surrouhb its three neighborhood cells. Analyses of sleffects
for urbanization was done by comparing the slogktha possibilities of change from Rough land anoipC
land to Urban. A simple model structure for simalatwas created using VBA and GIS. The model applie
the neighborhood effects which are similar to GatlltAutomata but in this model it is modified bygé
effects. Using the simulation urban map was predidor future trends. These predicted urban mafis wi
provide critical input to resource management dadring support applications, and have substastieial
and economic benefit for metropolitan planning dadelopment.

2 INTRODUCTION

2.1 Introduction and Background of the Study

“INDIA lives in its villages,” said Mahatma Gandhiyer six decades ago. No longer. At least notamil
Nadu, the first major State to reach the historibeg¢shold of 50:50 rural-urban distribution of paiion.
Crowning Tamil Nadu’'s urbanisation is Chennai, tharth largest metropolis of India. More people in
Tamil Nadu have moved from rural to urban areadabielO years compared to other states, accotditige
2011 Census data. Tamil Nadu tops the list of useainstates with 48.45% of its population livinguirban
areas , followed by Kerala, Maharashtra and Gujdmathe last 20 years, the rate of urbanizatioamil
Nadu has been rapid. According to the 1991 Cemsg,34.15% of the total population in Tamil Nadasv
classified as urban but in 2011, it has risen tet38%, an increase of 14.3%. Since the 2001 cenkes,
percentage of urban population has risen by 4.41%.

Urbanization is a worldwide phenomenon where aljan€ities are rapidly developing due to variousdiec
including population increases, industrializationdarural-urban migration. Though urbanization is a
worldwide phenomenon, it's more prevalent in Indige to high growth rate over last few decades. rba
planning is a complex phenomenon hence accuratelpadated information is needed to develop strasegie
for sustainable development. The land use mapsised to provide up to date information on the type,
location, spatial, distribution and extend of lars#/land cover.

In order to use the land optimally and to provideérgput data in modeling studies, it is not onlge®sary to
have information on existing land use/ landcovdradisio the capability to monitor the dynamics afdaise
resulting out of changing demands. Urban sprawl ihenomenon that has to be monitored and unddrstoo
There are different approaches for modeling spdfiahmics. Models cannot work without data andligate
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imagery is an excelent source of data. The rapigtldpment of multi-spatial and multi-temporal remot
sensing data has now made it possible to monitbarutand-use/land-cover changes in a very efficient
manner. Remote sensing techniques have proverugefyl in urban mapping (Batty 2008). There is dewi
range of techniques used for land use land coveangsh detection. An attempt has been made here to
demonstrate the potentials of remote sensing tqakeiin change detection analysis of urban landrcoy
using the technique of comparison of the classifieages.

2.2 Research Objective

The aim of this paper deals with the Land Use/C@iminge (LUCC) especially to urbanization in Chénna
metropolitan area, India for three time points @98000 and 2012). And to simulate the urbanizatton
future using the past data’s.

The objectives of the study are

e To classify the Land Use/Cover based on procedsiagsatellite data in three time points (1989,
2000 & 2012).

» To calculate the change of the Land Use/Cover dutiese periods.

e To analyze the transition probability of the LUC&5pecially focusing on both the neighborhood
effects and slope effects.

» To simulate the urban growth under the currenttigase till 2024.

2.3 Study Area

Chennai is the fourth largest metropolitan areiniia, with a population of about 7 million in 2Q0Lhe
Chennai Metropolis (with a latitude between 12°80'4and 13°17'24", and a longitude between
79°59'53"and 80°20'12") is located on the Coramhndast in South India. Topographically plain terra
with few isolated hillocks in the south-west. Avgeaannual rainfall is about 1,300 mm. Chennai ks t
administrative boundary, the outer boundary is @aemetropolitan boundary — encompass the suburban
areas; the inner one is the corporation boundahjctwinclude only the urban area. Chennai is rgpidl
getting urbanized from past decades.

Fig. 1: Location map of Chennai metropolitan aresmil Nadu, India
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2.4 Existing Research

There are many types of landuse classification éksah et al., 2001). It is infered that the landero
change analysis can be done using simulation niode(Bhatt et al., and Parker et al., 2003). Change
analysis can be done using Erdas imagine (Harika,2012) and modelling of land use change catidne
using GIS (Laura and Pontius, 2001; Geogr and F208y7). Urban sprawl mapping and land use change
analysis using GIS should be given importance wid@ning (Monalisha et al., 2005)

This research focuses on forecasting urbanizatioffiuture using two factors as major, neighbourhand
slope effects. As existing research on relation&igipveen neighbourhood and land use by Muranaka and
Arai (2013) has been reported. In their approdotly showed the relationship between neighbourhood a
land use, especially the propotion of the numbegraf cells each of which has changed its landfrma
non-urban to urban between time (t and t+dt) anighvhas k urban cells within its neighbourhood.idy@e

and stable relationship between the state of tighheurhood and the land use change in the cesitealvas
found by simple calculation of published land ussadin Japan. By referring these past researches,
neighbourhood effects also plays major role in tbgearch.

3 DATA PREPARATION AND PROCESSING

3.1 Pre Processing

Landsat 5 TM is a best data for classifying Lan@&/Gsver. Landsat 5 TM data has been downloaded for
three times points (1989, 2000 and 2012) with 3G&mesolution. DEM data also has been downloaded f
the year 2010 with same 30 meter resoulution frpenosource. The data specifications has been shown
Table 1.

Name Source Resolution  Year of capture

LandSat 5 TM| U.S. Geological Survey (Open source)] 0 3IMeter| 1989, 2000 ang
each 2012

Digital Advance Spaceborne Thermal EmissioB0 Meter| 2010

Elevation Reflection Radiometer (Open source) | each

Model

Table 1: Data specifications

Preprocessing of satellite images prior to imagasdfication and change detection is essential.
Preprocessing of image data often will include auitric correction and geometric correction. Geoimet
rectification of the imagery resamples or chandpespixel grid to fit that of a map projection orodimer
reference image. This becomes especially imporvthen scene to scene comparisons of individual piixel
applications such as change detection are beinghtoGeometric corrections are made to correct the
inaccuracy between the location coordinates opttiire elements in the image data, and the aldoation
coordinates on the ground. Radiometric correctiamgs made to the raw digital image data to correct f
brightness values, of the object on the ground, flaae been distorted because of sensor calibration
sensor malfunction problems. The distortion of iemgis caused by the scattering of reflected
electromagnetic light energy due to a constantlgngng atmosphere. This is one source of sensor
calibration error. Now after correcting both theoB®tric and Radiometric corrections, now all thyears

of Landsat Image is ready for classification.

3.2 Image Classification

To examine the urbanization on LUCC, there are foyortant classes to be classified. They are Water
Roughland, Cropland and Urban. The descriptiorhes¢ has been shown in Table 2. All of the viséld
infrared bands (bands 1-5 and 7) were used for émagssification. Supervised classification through
maximum likelihood algorithm was applied to performage classification. It was preferred because the
prior knowledge of study area was known and tha dathe study area were also available. In additiois
classification has been found to be the most conynand widely used classifier. The supervised
classification requires training areas for eacBgl@ he traning areas were used to define speeflfattance
patterns/signature of each class. The signaturegdwben be used by classifier to group the pixels a
certain class which has the same spectral pattd@magning areas of each class were created with the
assistance of visual analysis on the images thrdigpiaying RGB combination and also supportinghsy
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ancillary information from the google earth and grer knowledge of the study area. This classifira
was done for all three years, 1989, 2000 and 2012.

Land Use/Cover classes General Description

Water An area covered by open water such as odean, ponds
and artificial aquacultures or fishponds.

Roughland An area that is covered by shrubs anellaads.

Cropland An area that is used for any kind of galibn such ag
agriculture, tree crops, or food crops.

Urban An area has all residential, commercial andustrial
areas, villages, settlements and transportdtion
infrastructure. 7

Table 2: Description of Land Use/Cover classes

B Water
Roughland
= Cropland

m Urban
1989

' ' Percentage

0% 20% 40% 60% 80% 100%
Fig. 3: Comparisons of Land Use/Cover classificabetween three years

Now after classifying for three years, by seeing fiig. 2 and 3 it can be understood that, in 188%rban
was only 16% but it has been rapidly increased fi&% to 34% in 2000 due to various factors andether
was a gradual increase from 34% to 44% in 2012.celdrom this classification and analysis we can
understand that Chennai is now urbanizing neart.58nd when we see for Cropland on 1989 with 38%
which has been slightly decreased from 38% to 3d%hé year 2000. And again slightly decreased from
34% to 31% in 2012 . And Roughland has decreagedlyain the year 2000 from 39% to 27% and it has
been again decreased to 15% in the year 2012. inlener analysis we omit water from analysis, beeaus
water won't change much.

3.3 Post Processing

After the image classification, post processing thase to check the accuracy of the classificatimor
matrix says how much error the classified image had from that it can be known either to reclassie
image or it has good accuracy. Here in this clesgibn the overall accuracy is about 0.87. Afteeaking
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the accuracy, the kappa coefficient has to be egplihe kappa coefficient is frequently used to reanize
the results of an accuracy assessment used toaewdhnd-use or land-cover classifications obtaibgd
remote sensing. The standard estimator of the kajmedficient along with the standard error of this
estimator require a sampling model that is appratéu by simple random sampling. Formulas are pteden
for estimating the kappa coefficient. Kappa co@fit is calculated and it is found to be 0.82. Atteecking
the overall accuracy and the kappa coefficienctienge maps can be created.

3.4 Slope map

B 33 & il ] = B & 12

TS T O
Fig. 4: Slope map for 2010

As said earlier, Chennai has a flat terrain surfadee Fig.4 shows the output of Slope of Chennai
metropolitan area. This slope map describes thatréd areas reflects the greater slope and gresn ar
reflects the lesser slope. It is shown clearlyhia inap, that Chennai has more than 80% of slofesser.
The slope is calculated for each pixels. The valfeslope of each cell have been extracted fomhéurt
analysis.

3.5 Change maps

Change detection is the use of remotely sensedeimayj a single region, acquired on at least tweslao
identify changes that might have occurred in theriral between the two dates. This study deals thigh
urbanization on LUCC, therefore the change from ghdand to Cropland, Roughland to Urban and
Cropland to Urban are created. And it has beenddbat the change from Roughland to Urban is miuae t
the change from Cropland to Urban.The results efdilange maps and graphs says that, the change from
Roughland to Urban in the period 1989 to 2000 isi7%as been increased from 7% to 9% in the period
2000 to 2012. And as an average there was a cludrigi® from Roughland to Urban in the period 1989 t
2012. The change from Cropland to Urban on theodetR89 to 2000 is 9% it has been decreased from 9%
to 5% in the period 2000 to 2012. As a averageethes a change of 13% from Cropland to Urban in the
period 1989 to 2012. It says that there is alwaysnarease in change from Roughland to Urban. But i
change from Cropland to Urban there is some iner@aghe period 1989 to 2000 and some decreas®in t
period 2000 to 2012. The percentage of change fRmmghland to Urban is more than the change of
Cropland to Urban. And there is a minimum changenfRoughland to Cropland.

4 ANALYSIS OF LAND USE/COVER CHANGE (LUCC)

4.1 Analyses on Net Change and Transition Probability bLUCC

An important aspect of LUCC study is to addresstthasition “from-to” processes information of each
class over a certain period (1989 to 2000, 200202 and from 1989 to 2012). This can be foundhey t
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Net change matrix. These Net change matrices dcallaged from the Cell count matrix. The cell count
matrix states, “The diagonal elements representiba of each class which remains unchanged wtgleff
diagonal elements represent the changes area’C&h€ount Matrix has been shown in Table 3.

2000 2012 2012
1989 Water Roughland| Cropland  (Urban Grand Total 1000 2012 Water Foughland|Cropland |Urban Grand Total 1989‘01‘ Water Foughland|Cropland |Urban Grand Total
Water 32379 37106 238351 5943 99281/ |Water 33843 5836) 14505 11277 65481 [Water 62574 2587 16507 17613 99281
Roughland 12425| 203195) 177152 126481 519233| [Roughland 61734] 107100 53200| 141544|  363668| [Roughland 40459] 132052 144381] 202361 519253
Cropland 17186|  97695) 238985 147984 501830| |Cropland 20173|  44504] 273264 110744  458685] [Cropland 25150] 52195 230069) 194436 501850
Urban 3401 23672 18697 166754 214614) |Urban 9369 44716) 75931 317128 447164/ [Usban 5936]  15342] 26033 167283 214614
Grand Totall ~ 63481) 363668) 438685 447164] 1334998| |Grand Total]l 134118] 202176] 417010 3581603]  1334098| [Grand Total] 134118] 202176] 417010] 581603 1334998

Table 3: Cell Count Matrix between 1989, 2000 and2201

Now using these cell count matrices, the Net changé&ices are calculated. In this study the Wader i
omitted because there will be only minor changespba in Water. The Net Change Matrix is calculdted
other three classes( Roughland, Cropland and Ur@dm® Net Change Matrix is calculated by subtragctin
the earlier year to later year, such as subtra¢ctiagCropland to Roughland in the year 1989 witbptand

to Roughland in the year 2000, and entering thaltresthe later year. It has been shown in Table 4

2000

198 Water  |Roughland|Cropland |Utban | Grand Total :DDD:DD Water  |Roughland|Cropland |Urban | Grand Total lm:ou Water  [Roughland|Cropland |Utban | Grand Total
Water - - - - Water - - - - - Water - - - - -
Roughland - 203193 79437 100809|  383461| [Roughland - 107100 8786  96828|  212714| [Roughland - 132052]  92186] 187019 411257
Cropland - - 238085) 120087 368272 | Cropland - - 13264 35793 309057| |Cropland - 230060 168383 308452
Utban - - 166754 166754| [Urban - - - 317128 317128 [Urban - - - 167283 167283
Grand Total 0| 203195) 518442] 396830  918487| |Grand Total 0] 107100] 282050] 448748] 838899 |Grand Total o] 1320:2] 322255] 522685 576992

Table 4: Net Change Matrix between 1989, 2000 ari@ 20

Transition Probability Matrix describes the probhidibis of shifting from one state to another inynamic
system. In each row are the probabilities of giiffrom the state represented by that row, to thercstates.

The Transition probability matrix is calculatedrfrdhe Net Change Matrix. The Net Change of eactsdia
divided by its total change and it has been donalioclasses and it makes Transition Probabilitgach
class. This Transition Probability Matrix is usedfind the probability of transition of each clas8s said
earlier, this study concentrates only the transifiom Roughland to Urban, Roughland to Cropland an
Cropland to Urban. The Transition Probability matras been shown in Table 5.

2000
198 Water Roughland|Cropland  (Urban 20007[]12 Water Roughland|Cropland (Urban 1080 2012 Water Roughland |Cropland |Urban
Water - - - Water - - - Water - - - -
Roughland - 0.5200 0.2072 | 0.2629 | |Roughland| - 0.5035| 00413 [ 04552 | |Roughland - 03211 02242 04547
Cropland - - 0.6489 | 0.3511 | |Cropland - - 08842 | 0.1158 | |Cropland - - 05774 [ 04226
Urban - - - 1.0000 | |Urban - - - 1.0000 | [Urban - - - 1.0000

Table 5: Transition Probability Matrix between 192000 and 2012

4.2 Analyses on Neighborhood effects of LUCC

There are many factors which influence the LUCQ,ibuhis study it focus how the neighborhood hasrb
effected the LUCC. This analysis has been donéhiee periods such as, 1989 to 2000, 2000 to 20d2 a
1989 to 2012. The analysis is done for the cellcWwhiepresents Roughland and Cropland. For the @gth
of Roughland and Cropland, the neighborhood cell&lbeen counted for all classes, except Water.

The consideration is to find the changes of eaabscbetween each period but the class water arahldie
omitted in the consideration. It has been checkedfch cell surrounded by its 3 surrounding detdm
each side.It can be said as the neighborhood ltatireen found for 7*7 matrix or neighborhood catige
K= 3. This has done using a VBA program. After dingpthe neighborhood cells, Urban Ratio is calmda
using the simple formula.

. wU

T
U7 HCH+ #R+ #HU

u
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u: Urban Ratio during T at cell i

#U: Count of Urban cells in the neighbor during T
#C: Count of Cropland cells in the neighbor during
#R: Count of Roughland cells in the neighbor dufing

Urban Ratio states that the possibility of charg&itban due to neighborhood. After calculating tthrban
Ratio, Transition Probability has been found. Fxeiraple, Transition Probability for Cropland to Unbi
shown in this formula.

TP! = ﬂ
U #CC+ #CU
TPijT: Transition Probability of Urban
#CU: Count of cells from Cropland to Urban
#CC: Count of cells from Cropland to Cropland
Transition Probability ratio is calculated with pestive to the Urban Ratio and Change Ratio. Tmeenlay

itself defines that the Transition Probability Ratif Neighborhood effects states that the proligibdf
transition for Urban Ratio.These are shown in ttagly for three periods.

Transition Probability (a)1989 to 2000 Transition Probability {b)2000 to 2012
1 — 1
08 as
0.8 // /____ 08
0.7 0.7
0.6 / I-—.-..‘.-"_ 06 ———, / Roughland to
05 / / Roughland g5 ___,...---""""'—‘F __ Urbanor
0.4 / / to Urban or 04 /""_’ - — Cropland
0'3 // Cropland : - __.______..._--—-—-"__ Cropland to
) 0.3
/// ____ Cropland /"'"_ Urban
02 Cd to Urban 02
0.1 0.1
0 T T T T T T T T T T 1 0
3RS AN AN By @y v AN g oy Ay UrbanRati T AN AN A B A8 o W™ @h  on _an UrbanRati
MRS O SO A AR RO SR
ST e 97 @ 07 @ 9 e B et et e 9 o7 9 e e ¢
Transition Probability (c)1989 to 2012
1
08
08 __—_//
07  —
06 M Roughland to
’ /‘/_:.-/ Urban ar
a5 -
/ Cropland
0.4 -~ Cropland
03 _to Urban
0.2
01
o

IOAY AN A By ey By AN @ oh a i
& Q'_» 0'} ﬁ"_’) o Q‘_: 0‘_0 0’_\ Q‘b 99 q"\ Urban Ratio

by L} by by % by by
N R R RS R N

Fig. 5: Relationship between transition probabgihd urban ratio for three periods

The Fig. 5 shows how much are the possibilitiexidinge to Urban due to the neighborhood effects.
Transistion Probability has been found with resgectrban Ratio. In the inner ring from the city,is
covered by Cropland from 1989 and the outer rinthefcity is covered by Roughland.

From the analysis in 1989 to 2000, there is higimdition probability of Cropland to Urban, becatise
Urban growth has been towards south west, anddgsdrown in inner ring from the city.

But in 2000 to 2012, the Urban development was tdsvdhe outer ring, so the high concentration of
transition probability change from Roughland to &b
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4.3 Analyses on Slope Effect of Transition ProbabilityRatios for Urbanization

This analysis is to find how slope has been aftethe LUCC. Using the surface analysis tool in A @&e
degree of slope for each cell of Chennai has beknlated.

It has been found that Chennai has the highest shep49 degree. Here the consideration is to fied t
probability of change between the Roughland to @mgh the Roughland to Urban and the Cropland to
Urban for three periods is calculated.

The slope has been separated into 13 intervals.ed&ah interval of slope the count of each classh®en
calculated for each period. Net change has beamdffnom the cell count matrix. Transition probalyilof
each class has been found from net change witle glffpcts as considerations.

qiTj (s): Transition Probability from i to j during T undslope degree SqiTj (s) is defined as a stashap:
function of slope degree s. slope degree s havetd®als.

Transition Probability has been calculated withpees to the slope modified functions. Then finalhe
relationship between the Transition Probability atape has been calculated and shown in the gfaphs
each period.

Transition Probability (a)1989 to 2000
b)2000 to 2012
0.4 Transition Probability { }
0.35 06
. —  — }7L 0=

—— Rough to 0.4 ——Rough to
02 - — Cropland Cropland
03 roplan
015 Rough land to
Urban 0.2

——— Rough land
to Urban

0.1

Cropland to
005 Urban 01 Cropland

0 _— - 0 /——_""'_"‘"---—--——-.__ . to Urban
O S S N - I RICA Slopein DA D DS S ALD DS DS sl
R L T i A S O BT @Y et AT @ oY A L opein
N NN e N @@\.}W\.}h Degree RN S R \8\‘9\\?5’ Degres

Transition Probability (c)1989 ta 2012

a5

0.45 S— —_—

04 —— ——

0.35 —

03 o Rough to
0.25 — Cropland

0.2
0.15
01
0.05
a

Rough land
to Urban

Cropland to
Urban

SN AN AN BN N @y AN gh on L @3Y AN oy oy Slopein
AT A S AL P A A R ) P
ST O T 8T T O B o a6t

WM W \\.}\.\,\»}, Degree

Fig. 6: Relationship between transition probabiitd slope for three periods

The Fig.6 shows the relationship between the piiityabf change from Roughland to Cropland, Rouglda
to Urban and Cropland to urban to the slope sldfgetemodified functions. While seeing this grapthas
been clearly understood that slope and probalmfitghange to Urban are inversely proportional tohea
other.There is high transition probability from @land to Urban in 1989 to 2000, because theresgsdope
in the inner city when compared to the outer riragrf the city. However from 2000 to 2012, Roughlhag
the high probability to change to Urban becaudberperiod of 2000 to 2012 the transition has dorwuter
ring that is covered by Roughland.

5 URBANIZATION SIMULATION OF CHENNAI METROPOLITAN ARE A TILL 2024

5.1 Model and System Structure

This simulation is a Monte Carlo model by considgmeighborhood effects in Cellular Automata model
The model especially predicts the LUCC for futwent the past data of 2012. This model predictgHer
year 2024 of Chennai metropolitan area. Three nfajctors has been considered in this model. They ar
neighborhood effect, slope effect and other effggispulation, road effects, and other factors). The
neighborhood effect states the transition probigbaith respect to the neighborhood cell range K. T his
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is as same as the analyses which have been dtme pnevious chapter. The slope effect stategémsition
probability with respect to the slope in degreee Dither effects have been considered as randowr fiact
this simulation. As this study is based on the nization on LUCC, this model only focuses on thevgh

of Urban from Roughland, Urban from Cropland andpland from Roughland. Water and Urban are
ignored because there won'’t be huge change froge tto® to Urban.

5.2 Trend case and Implications

The Land Use/Cover map of 2012 has been preparétd@lS. The slope map was also prepared in
ArcGIS. Both are combined and the output of thesth lis taken as input for the simulation.Here the
simulation is done from 2012 to 2024 under congsidethe current trend case.

This simulation is a Monte Carlo method by consgitgmeighborhood effects in the Cellular Automata
analogy. Transition Probabilities are given asofeh.

q} () * 1} (W

transg

T _

T: Period (2012 to 2024)

PijT: Transition Probability for i to jusing T

qiTj (s): Transition Probability from i to j during T undsiope degree s

ri? (u): Transition Probability from i to j during T undeirban Ratio u

transg: Base Transition Probability Ratio fromitojthg T

Legend
| I
l:| Roughland
I crostans
- Urban

0 25 5 10 15

20
[=— Kilometers

Fig. 7: Forecasted Land Use/Cover classificatioddp4 in trend case

This simulation result shows how the city will e 2024 of the study under current trend. The resfult
simulation shows that the Urban has increased #4% to 74%, Cropland has decreased from 31% to 11%,
Roughland has decreased from 15% to 9%. Here snsimulation the water is not under consideraton s
there is no change in Water. The Urban is growmghe south west direction. This simulation is é&du
based on only two main factors that are the neididmd effect and the slope effect. Even though this
simulation is simple but it warns that such kindudban sprawl needs to be controlled based on pwditan
planning. The planners must avoid wasteful landsaorption. Policy simulations through the revisiom a
elaboration of the model are hopeful for plann&ve. illustrate that they planners can using theadiof
simulation methods for future.
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A Simulation of Land Use/Cover Change for Urbanizattmn Chennai Metropolitan Area, India

6 CONCLUSION

We reported a series of data works on Land UsefCGWange in Chennai, at three time points of 1989,
2000 and 2012. As the results, first we had idetihigh-performance classification on Land Usekov
with overall accuracy of 0.87 and Kappa coefficiagt 0.82. Then we had examined the transition
probabilities of Land Use/Cover and had found hbtheffects of neighborhood and slope for urbaitinat
These facts should be emphasized. Analyzing th#set® lastly we had also tried a simulation i th
current trend case. The result of the simulatioowshthat there can be seen 30% increase of Urlzhaiza

in 2024. Validity checks and policy simulations m@mthe further works.
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