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1. 1. INTRODUCTIONINTRODUCTION

In this study, In this study, an urban growth modelan urban growth model
SLEUTH SLEUTH integratedintegrated withwith RemoteRemote SensingSensing
(RS) (RS) andand GeographicalGeographical InformationInformation
SystemsSystems (GIS)(GIS) areare used used to simulate urban to simulate urban 
growthgrowth within within thethe frameframe of of SustainableSustainable
developmentdevelopment in in 20220255 in the in the AntalyaAntalya. It is . It is 
the fastest growing metropolis the fastest growing metropolis in in Turkey Turkey 
withwith a population growth of a population growth of 41, 7941, 79‰‰
although Turkeyalthough Turkey’’ss grgrowthowth is is 18, 2818, 28‰‰ for for 
the last decade.the last decade.
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22.1. Definition of the Study Area.1. Definition of the Study Area



22.2. Data Used in the Study.2. Data Used in the Study
List of the Model Input Data, Naming Format

T h em e  Y e a r S o u rce  F o rm a t N a m in g  F o rm a t fo r th e  
m o d e l 

1 9 8 7  

C la ss if ie d  fro m  
1 9 8 7  S a te llite  

Im a g e  (L a n d s a t 
T M 3 0m ) 

R a s te r a n ta lya .u rb a n .1 9 8 7 .g if  

1 9 9 2  D ig itize d  from  
1 9 9 2  A ir p h o to s  R a s te rize d  a n ta lya .u rb a n .1 9 9 2 .g if  

1 9 9 6  

C la ss if ie d  fro m  
1 9 9 6  S a te llite  
Im a g e  (S p o t 

2 0 m ) 

R a s te r a n ta lya .u rb a n .1 9 9 6 .g if  

U rb a n  
E x te n t 

2 0 0 2  

C la ss if ie d  fro m  
2 0 0 2  S a te llite  
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E T M  3 0 m ) 
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S a te llite  Im a g e  
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1 /5 0 0 0  
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S a te llite  Im a g e  
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R a s te rize d  
(O rig in a lly  
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S lo p e  1 9 9 6  
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S R T M  9 0 m  
D E M  

R a s te r a n ta lya .s lo p e .g if  
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A re a s  2 0 0 3  

D ig itize d  from  
1 /5 0 0 0  
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R a s te rize d  
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D E M  
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22.2. Data Used in the Study.2. Data Used in the Study

1987 Landsat TM satellite imagery 
of the study area with 30 m resolution

1996 SPOT satellite imagery 
of the study area with 20 m resolution



22.2. Data Used in the Study.2. Data Used in the Study

2002 Landsat ETM satellite imagery 
of the study area with 30-meter 

spatial resolution.

1992 Aerial photograph mosaic 
of the study area with a scale of 

1/40.000



22.2. Data Used in the Study.2. Data Used in the Study

Road Data for the Year 1995 Road Data for the Year 2003

The road layer of the The road layer of the year 1995year 1995 is digitized as the 4 degrees from the is digitized as the 4 degrees from the AntalyaAntalya
Transportation Plan of the year 1995 prepared by Transportation Plan of the year 1995 prepared by ElkerElker and the road layer of and the road layer of 
the year 2003 is digitized from the transportation plan of the year 2003 is digitized from the transportation plan of AntalyaAntalya of the of the year year 
20032003 prepared by DAMPO Planningprepared by DAMPO Planning



22.2. Data Used in the Study.2. Data Used in the Study

The Layer of Excluded Areas (unresidential areas)

TThe vector layer of the he vector layer of the 
excluded areas is produced excluded areas is produced 
fromfrom the the AntalyaAntalya 1/50001/5000
Development Plan which is Development Plan which is 

--natural conservation areas, natural conservation areas, 
--forest covered areas, forest covered areas, 
--military zones,military zones,
--first and secondfirst and second--degree degree 

productive agricultural areas, productive agricultural areas, 
--airport, airport, 
--riverbedsriverbeds,,
--Mediterranean SeaMediterranean Sea



22.2. Data Used in the Study.2. Data Used in the Study

The Layer of Terrain Slope Layer of the Hillshade

TThe he slopeslope and and hillshadehillshade layers are produced from the SRTM 90 meter DEM data.layers are produced from the SRTM 90 meter DEM data.



22.2. Data Used in the Study.2. Data Used in the Study

Land Use Data of Antalya for the year 2002



22.3. Analyses of the Satellite Images.3. Analyses of the Satellite Images

After the After the Data Preparation and Data Preparation and 
RegistrationRegistration the urban extent input the urban extent input 
layers of the years 1987, 1996 and 2002 layers of the years 1987, 1996 and 2002 
are obtained by means of the are obtained by means of the training training 
area collectionarea collection thenthen, , thethe classification classification 
analysesanalyses..

Following the classification, Following the classification, post post 
classification classification analysesanalyses of aggregation of aggregation 
and filteringand filtering and then the rule and then the rule 
application are done to improve the application are done to improve the 
result of result of accuracy assessment.accuracy assessment.

ThenThen, they , they areare recoded.recoded.

FinallyFinally,, AccuracyAccuracy AssessmentAssessment is done is done 
The Flowchart of the Methodology 

of the Classification Analysis



22..33.1. Classification Analyses of the Satellite Image of the .1. Classification Analyses of the Satellite Image of the 
Year 2002Year 2002

FirstFirst, t, the satellite image of the he satellite image of the 
ending year of ending year of 2002 is classified2002 is classified. . 
Because the only obtained land Because the only obtained land 
use data is the use data is the 20020022 land use land use 
datadata for the for the accuraccyaccuraccy
assessment.assessment.

The Classification Classes of the 
Landsat 2002 Image



The Result Thematic Map of the Supervised Maximum Likelihood
Classification Analysis of the Year 2002.

22..33.1. Classification Analyses of the Satellite Image of the .1. Classification Analyses of the Satellite Image of the 
Year 2002Year 2002



ii. Post Classification Analyses of the Year 2002. Post Classification Analyses of the Year 2002

The 13 classes are The 13 classes are aggregatedaggregated as a post classification method as a post classification method 
in PCIin PCI

Aggregation of the Maximum Likelihood Classification for the year 2002.



i.i. Post Classification Analyses of the Year 2002Post Classification Analyses of the Year 2002

A low pass mode filter with a window of 7 x 7 is applied to the 
aggregation result to obtain the integrity of the classes:

Mode 7 x 7 Filter Application to the Aggregation Result of the year 2002.



iiii. Recoding of the Raster Layer of the Year 2002. Recoding of the Raster Layer of the Year 2002

The model requires the The model requires the 
urban extent layer as urban extent layer as 
urban and nonurban and non--urban urban 
binary layer.binary layer. Therefore, Therefore, 
theythey areare converted to converted to 
rasterraster imagine formatimagine format..

2002 Urban Extent Layer after Recoding 
the Mode Filtered 2002 Image (white is urban, 
black is non-urban pixels). 

2002 Urban Extent Layer after 2002 Urban Extent Layer after Recoding Recoding 
the Mode Filtered 2002 Imagethe Mode Filtered 2002 Image (white is urban, (white is urban, 
black is nonblack is non--urban pixels). urban pixels). 



ii..i.i.i.i. Accuracy Assessment of the Classification Result of Accuracy Assessment of the Classification Result of 
the Year 2002the Year 2002

TheThe overall accuracyoverall accuracy is obtained as is obtained as 91.720%91.720%

The The producerproducer’’s accuracys accuracy is obtained as is obtained as 92.4% for non92.4% for non--urban areasurban areas, , 88.8% 88.8% 
for the urban areas. for the urban areas. 



2.32.3.2. Classification of the Satellite Images of the Year .2. Classification of the Satellite Images of the Year 
1987 and 19961987 and 1996

The Result Thematic Map of the Supervised 
Maximum Likelihood

Classification Analysis of the Year 1987

The Result Thematic Map of the Supervised 
Maximum Likelihood

Classification Analysis of the Year 1996



ii. Post Classification Analyses of the Years 1987 and . Post Classification Analyses of the Years 1987 and 
19961996

After the classification analysis, After the classification analysis, the post classification stepsthe post classification steps of aggregationof aggregation
for these two years are realizedfor these two years are realized

Aggregation of the Maximum Likelihood 
Classification for the year 1987.

Aggregation of the Maximum Likelihood 
Classification for the year 1996.



ii. Post Classification Analyses of the Years 1987 and . Post Classification Analyses of the Years 1987 and 
19961996

For the integrity of the classification classes of these two yeaFor the integrity of the classification classes of these two years, the rs, the 
next next post classification step of filteringpost classification step of filtering is producedis produced; ; low pass 7 x 7 low pass 7 x 7 
pixel window filter is applied in PCI V9.1pixel window filter is applied in PCI V9.1

Mode 7 x 7 Filter Application to the 
Aggregation Result of the year 1987.

Mode 7 x 7 Filter Application to the 
Aggregation Result of the year 1996.



In turn in order, 1987, 1996, and 2002, Urban Extent LayersIn turn in order, 1987, 1996, and 2002, Urban Extent Layers

1987

1996

2002



2.42.4. Analyses of the 1992 Aerial Photographs. Analyses of the 1992 Aerial Photographs

For For urban extent of urban extent of 
the year 1992the year 1992, the , the 
satellite images satellite images 
could not be foundcould not be found. . 
Therefore, Therefore, aerial aerial 
photographsphotographs of the of the 
study area study area areare
obtainedobtained

The Layer of the Urban Extent of the Year 1992



2.52.5. Analyses of the Roads Layer. Analyses of the Roads Layer

The digitized road layers are The digitized road layers are converted to raster imagineconverted to raster imagine formatformat
TThe road pixels are he road pixels are recoded as onerecoded as one and the nonand the non--road pixels areroad pixels are recoded recoded 
as zeroas zero

The Recoded Road Layers of the Years 1995 and 2003



2.6. 2.6. AnalysesAnalyses of of thethe Excluded AreaExcluded Areas s LayerLayer

TheThe excluded area layer is excluded area layer is converted to raster imagineconverted to raster imagine formatformat andand
recodedrecoded

The Recoded Excluded Area Layer of the Year 2003



22..77. Methodology of the Study. Methodology of the Study

General outline of a Sleuth Model run examined in this study



3.URBAN GROWTH ANALYSES3.URBAN GROWTH ANALYSES

TThe he structure of the model runstructure of the model run andand thethe required coefficientsrequired coefficients, , 
adapted to adapted to AntalyaAntalya are explainedare explained..



3.13.1. Calibration Analyses. Calibration Analyses

Parameters of the Test Run and the Calibration Runs



iiii. . ResultResult of of thethe CalibrationCalibration AnalysesAnalyses

LeeSallee DiffussioBread Spread Slope RoadGravity
0.46756 1 1 25 100 100
0.46756 1 1 25 100 75
0.46751 1 1 25 100 50
0.4674 1 1 25 75 25
0.4674 1 1 25 75 1

New Parameters
For the next calibration {0-20, 5} {0-20, 5} {20-40, 5} {75-100, 5} {25-50,5}

Result Parameters of the Coarse CalibrationResult Parameters of the Coarse Calibration

LeeSallee DiffussioBread Spread Slope RoadGravity
0,48995 1 15 30 85 100
0,48992 1 20 30 80 75
0,48992 1 10 30 85 50
0,48987 1 20 30 75 25
0,48987 1 15 30 90 1

New Parameters
For the next calibration {1-5, 1} {10-20, 2} {27-32, 1} {75-90, 3} {23-28,1}

Result Parameters of the Result Parameters of the FineFine CalibrationCalibration

LeeSallee Diffussion Bread Spread Slope RoadGravity
0,50298 1 20 32 78 24
0,50294 1 20 32 78 26
0,50289 1 18 32 78 27
0,50289 1 12 32 84 24

New Parameters
For the next step {1-1, 1} {20-20, 1} {32-32, 1} {78-78, 1} {24-24,1}

Result Parameters of the Final CalibrationResult Parameters of the Final Calibration



3.2.3.2.Urban Growth Prediction RunUrban Growth Prediction Run

InIn thethe predictionprediction scenarioscenario file;file;

PREDICTION START DATE = PREDICTION START DATE = 20022002
PREDICTION STOP DATE =   PREDICTION STOP DATE =   20252025

As a result, the urban growths of the years from 2003 to 2025 within 
the environmental protective frame are created in the prediction 
output file.



4.RESULTS AND DISCUSSIONS4.RESULTS AND DISCUSSIONS



4.RESULTS AND DISCUSSIONS4.RESULTS AND DISCUSSIONS

Each yearEach year’’s growth s growth probability pixels are coloredprobability pixels are colored. . The higher the probability The higher the probability 
valuevalue, , the more likely urbanization isthe more likely urbanization is..

Probabilty Value present urban 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Probability Color

Urban Growth Prediction of the year 2025 with the Probability Colors



4.RESULTS AND DISCUSSIONS4.RESULTS AND DISCUSSIONS

Comparison of the Selected Statistical Measures of the Years 200Comparison of the Selected Statistical Measures of the Years 2002 and 2 and 
2025.2025.

•• The reason of this decrease is the The reason of this decrease is the 
maximum protection of the maximum protection of the 
forest areas, forest areas, 
agricultural areas, and agricultural areas, and 
natural conservation areas natural conservation areas 
in this study. in this study. 

Statistical 
Measures

sng 5,78 5,26
og 2801 3621,26
rt 13,07 28,48
pop 92738,64 201894,3
area 92738,64 201894,3
edges 20731,95 32667,84
clusters 1362,68 1895,96
rad 171,81 253,51
slope 0,73 0,69
diffusion 1,15 1,24
spread 36,78 28,63
breed 22,99 46,05
road_gravity 26,59 37,74
percent_urban 21,8 56,05
growth_rate 3,04 1,81
growth_pixels 2822,23 3659,33

20252002



4.RESULTS AND DISCUSSIONS4.RESULTS AND DISCUSSIONS

TThe scenarios for he scenarios for AntalyaAntalya embodembodiesies an antian anti--growth strategygrowth strategy, which requires , which requires 
slowing down the growth rateslowing down the growth rate..
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5.5.CONCLUSION AND RECOMMENDATIONSCONCLUSION AND RECOMMENDATIONS
As a conclusionAs a conclusion::

RS RS andand GIS based dynamic growth modelingGIS based dynamic growth modeling improves the understanding improves the understanding 
of the urban growth variations, and of the urban growth variations, and facilitates the urbanfacilitates the urban and and 
environmental managementenvironmental management within a balance within a balance for a sustainable for a sustainable 
development.development.

DifferentDifferent growthgrowth scenariosscenarios as as slowslow, , fastfast, , andand trendytrendy can be can be appliedapplied byby
modifyingmodifying thethe layerslayers. . SoSo, , thethe comparisoncomparison of of thesethese scenariosscenarios can be can be 
examinedexamined..

For further studiesFor further studies, the, the incomes incomes and and social dimensionsocial dimension can be added to can be added to 
the model by modifying the modelthe model by modifying the model’’s source code s source code in order to use socialin order to use social--
economic layer of the municipalities or districtseconomic layer of the municipalities or districts..

FinallyFinally, as , as SleuthSleuth Urban Urban GrowthGrowth PredictionPrediction Model, Model, somesome otherother kindskinds of of 
modelsmodels can be can be appliedapplied toto AfricaAfrica oror anotheranother ContinentContinent forfor thethe sustainablesustainable
developmentdevelopment of of allall WorldWorld..
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