
 p. 1 

 

 

 

 

 

 

 

 

 

 

 

LanduseSim Practice : 
Spatial Modeling of Settlement and Industrial Growth by means of Cellular Automata 
and Geographic Information System 

 

v.0.3 

 

Prepared by 

Nursakti Adhi Pratomoatmojo 1 

 
 
 
1 

Faculty member of Urban and Regional Planning Department 
 
Laboratory for Computational and Planning Analysis 
 
Sepuluh Nopember Institute of Technology 
 
 

 

 

 

 

 

  



 p. 2 

 

 

LANDUSESIM BASIC TUTORIAL : 

SPATIAL MODELING OF SETTLEMENT AND INDUSTRIAL GROWTH BY MEANS OF 

CELLULAR AUTOMATA AND GEOGRAPHIC INFORMATION SYSTEM  
 

Nursakti Adhi Pratomoatmojo* 
* Urban and Regional Planning Department, Sepuluh Nopember Institute of Technology 

pratomatmojo@urplan.its.ac.id  

 

Software Requirement: 

ESRI ArcGIS 10.2.2 Trial 60 days, ArcGIS LanduseSim Toolbox 0.3, LanduseSim 2.3.1, Microsoft Excel 2010  

 

 

This tutorial will give a brief introduction to land-use change modeling practice. It consists of three major steps, i.e. data 

preparation, simulation, and visualization stage. Most part of modeling process in this tutorial used ESRI ArcGIS for data 

preparation and visualization, while LanduseSim for simulation process. 

 

 
 

Simple Case: Spatial Modeling of Settlement and Industrial Growth 

This tutorial provides an understanding towards landuse change modeling by means of LanduseSim through a very simple 

case such of predicting the settlement and industrial growth. Each of land use growth will be influenced by its own driving-

forces (driving-factors).  

 

Notes: Less of variables were used to provide easier way to understand the logic behind the land use model. However, user able to 

enhance the complexity by adding more variables to make it as close as possible with the real condition. 

 

Several driving-forces variabels was identified such as; 

Settlement growth 

1. Proximity to existing settlement area 

2. Proximity to primary roads 

3. Proximity to secondary roads 

Industrial growth 

1. Proximity to existing industry 

2. Proximity to primary roads 

3. Proximity to secondary roads 

 

The amount of land use growth: 

On this exercise, the land use prediction will be start from 2003 until 2013. During the period of prediction, the growth of 

settlement is expected to grow in total number by 700 hectares, while the growth of industrial area is expected by 50 

hectares.  

 

 
 

 

 

Data Preparation Data Simulation

ArcGIS, QGIS LanduseSim

Data Visualization

ArcGIS, QGIS

Feedback

Feedback

Map Type 

Land use  Polygon 

Primary roads Polyline 

Secondary roads Polyline 

Settlement Polygon 

Industry Polygon 
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Notes: The application of the following exemplified modeling above can be developed further by involved more vary of limitation factors, 

such as land suitability, spatial zoning plan, and so forth.  

 

 

The following steps undertaken ranging from data preparation to modeling are showed below. Note: The 

preparation process data using tool ESRI ArcGIS software; 

 

 

 

Data Preparation 

 
At this stage, the data preparation will be taken by ArcMap, such as generate of proximity maps for each of driving-

factor, set the cell size, convert polygon to raster maps, and convert raster maps into ASCII. 

 

1. Set up the overwrite rule. It is very important to allow the file replacement while the new file name is the same. 

This is crucial step for geoprocessing in ArcMap. Click Toolbar  Geoprocessing  Geoprocessing Options 

 Check the Overwrite the outputs of geoprocessing operations. 

 

  

 

2. Please activate the Spatial Analyst extension of ESRI ArcGIS Trial Version. Open ArcMap  Click on 

Customize  Extension, centang extension Spatial Analyst 

Driving-Forces

(Faktor Pendorong)

Accessibility 

(Aksesibilitas)

Distance to primary road

(Kedekatan terhadap jalan primer)

Distance to secondary road

(Kedekatan terhadap jalan

sekunder)

Distance to existing industry

(Kedekatan terhadap industri

eksisting)

Distance to existing settlement

(Kedekatan terhadap permukiman

eksisting)
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3. Prepare the ESRI ArcGIS LanduseSim Toolbox . Open Toolbox  Right click on ArcToolbox  add toolbox 

 LanduseSim Toolbox 0.3 

 

 

Data Export 
Used to convert raster data (.img) that has been processed by ArcGIS into 
ASCII format (.txt). This tool is required to prepare ArcGIS data to 
LanduseSim. 
 
Data Import 
Used to convert ASCII format (.txt) into raster format of (.img). This modul is 
required to import data from LanduseSim 
  
Data Preparation 
Used to convert the data (landuse data) into raster format, and calculate the 
distance from any of driving-forces variables. 

 

 

4. Represent of each land use class by unique number. Create new field namely LU Code , choose double as type, 

and  fill by certain number to represent each class of landuse. Number should be in integer format other than 0 

(zero). In LanduseSim, zero is identified as constraint zone that can’t be converted into other state of landuse. 

  

 
 

Fill the LU_Code field as follows; 

Industry   : 1 

Transportation terminal : 2 

Settlement  : 3 

Urban open space  : 4 
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Openland   : 5 

Plantation   : 6 

Dryland   : 7 

Fishpond   : 8 

Swamp   : 9 

Paddy field  : 10 

River   : 11 

 

 
 

After input landuse numeric code for each type of land use, the next step is convert polygon to raster using 

LanduseSim ArcGIS toolbox  1. Landuse Polygon to Raster.  

Land use map polygon (.shp)  : LU2003 

Value field   : LU_Code 

Cell Size    : 10 (Trial Version use 100) 

Land use map raster  : LU2003_Raster.img 

 

Note: all raster cell size is 10 meters x 10 meters. For LanduseSim Trial user please define raster cell size 

is about 100meter x 100 meters (due to limited number of rows and columns on trial version). 
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The conversion result will automaticaly use default format from ArcGIS, so the color and label (text) should be 

adjusted manually. The adjustment can be done through layer properties editor by changing the labels, colors, 

and later on save it as a layer. Layer Properties  Simbology  Label 

 
 

Symbology labels and colors that have been fixed, stored as Layer to be used repeatedly on the similar maps. In 

this case, the layer name saved as LU_Raster_Layer 

 

 
 

5. Add file 'Boundary Analysis.shp'. This polygon is required to provide raster size border and it is very important 

to restaint the analysis process. If the barrier file does not exist, then it must be made. To create boundaray 

analysis shapefile, Catalog  create new shapefile  Name: ‘Boundary_Analysis’  Polygon  Edit 

Koordinat sistem WGS 1998 UTM 49S 
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6. The next step is create several maps of accessibility / proximity to all driving variables for each of simulated land 

use. In here we will use feature Eucledian Distance. LanduseSim Toolbox 0.3  2.Distance of Spatial-Factor.  

Spatial-Factor (Shapefile)  : points/polylines/polygons) : Primary_Road (input to all variables) 

Initial Land use Map (Raster)  : LU2003_Raster.img 

Analysis Boundary (optional)  : Boundary_Analysis (Barrier analysis) 

Output Cell Size (optional)  : 10 (Note for trial user, please set to 100 because of the version limitation) 

Temporary file raster map  : temporary.img (add .img extension) 

Distance Raster Map  : ED_[namashapefile].img (add .img extension) 

 

 
 

 

 
ED_PrimaryRoad.img 

 
ED_SecondaryRoad.img 

 
ED_Settlement.img 

 
ED_Industry.img 

 

7. Convert all maps to the ASCII format, including accessibility map of the driving variable (Euclidean Distance) and 

land use map into ASCII / Text format. LanduseSim Toolbox 0.3  Data Export  Raster to ASCII 

LanduseSim.  
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Note: Some cases will be found failure while attempting to convert raster (.img) into ASCII by ArcGIS software. 

The solution to deal with this is save the ASCII file in the shorter of folder path, for example E: \ 

ASCII_LU2003.TXT 

 

 
 

Simulation Procedure 

 

At this stage of the simulation, the data will be processed further, starting at the stage of import data, standardization 

of data with fuzzy, overlay the data to obtain an initial map of potential transition map, setting rules, until the simulation 

process. 

 
1. Open software LanduseSim as an administrator. Right -click on the application LanduseSim and click Run as 

administrator. Make sure the computer is connected to the Internet when you run LanduseSim. Once connected 

and LanduseSim pop up shown, the internet connection can be disconnected. 

  
 

2. For ease of transaction files during the modeling processes, please create a shortcut folder by dragging the 

folder that contains the data to the favorites. 
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Performing simulation within LanduseSim, external data must be converted into .TIF format. The imported files 

including land use maps, and driving-forces maps (distance to industrial area, distance to settlement area, 

distance to the primary road network, distance to the secondary road network). Please give attention that 

different conversion will be applied. Land use map is imported as integers (whole numbers) while the accessibility 

maps are imported as float (decimal). Basic modules  Import/Export File  Import from ESRI ASCII format 

 

  

 
 

3. Standardize each of distance map of driving-forces by means of linear method of fuzzy set membership 

monotonically decreasing. At this stage the value of the distance (euclidean distance map) will be converted 

into real numbers, a value between 0 (furthest distance) and 1 (closest distance). This assessment is executed 

by providing the best development potential value when it closer to the driving variable.  

Input file   : TIF_ED_Industry.tif 

Distance Operation  : Monotonically decreasing 

Output Fie  : FUZZY_ED_Industry.tif 

  
 

4. The next step is build initial transition potential map for both settlement grwoth and industrial growth. The ITP 

map is created through SMCE (Spatial Multi Criteria Evaluation). The process is conducted by implementing 

certain weights parameters using WeightedRaster Module. For advance analysis, the weights can be generated 
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using other appropriate approach such as AHP (Analytical Hierarchy Process) which are inputs coming from 

experts judgement. 

 

 
Weights configuration for ITP map of Industry: 

- Proximity to existing industry : 0.45 
- Proximity to primary roads : 0.35 
- Proximity to secondary roads :0.20 

 
Weights configuration of ITP map of Settlement: 

- Proximity to primary roads : 0.20 
- Proximity to secondary roads : 0.40 
- Proximity to existing settlement : 0.40 

 
5. Define the neighborhood filter for simulation. Simulation Modules  Neighb.Filter  Neighborhood Filter 

3x3. Sum is the neighborhood operation. 

 
6. Create the elasticity of change for each of land use growth. This tutorial will skip the elasticity of change, 

therefore the elasticity of change from other landuse to settlement or industry will be the same.  

Fill Elasticity of change to LUC Code by following each of simulated land use code, code 1 (industry) and code 

3 (settlement). 

 

  

 

7. The next step is create a Set of Transition Rules. [Code] represents the land use that simulate to grow, 

[Growth] represents the expected cell to growt, [Initial Transition Potential Map] represents the initial of 

transition potential growth from certain land use, [land constraints] land use(s) that can’t be changed, and 

[Elasticity of change] represents the elasticity of land use change.  
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In this case, the settlement is expected to experience expansion by 700 hectares and industry by 50 hectares 

from 2003 Until 2013. Note: This should be calculated based on the needs of the development both trend 

patterns / trends or targets / scenarios. 

 

Land use 
LU 
Code 

Expected to Grow 
Growth in cell 
(10mx10m) 

Land use constraints 

Industry 1 50 Ha ~ 500,000 m
2 

5,000 cells 
River (11), Transportation Terminal 
(2), Settlement (3), Urban open space 
(4) 

Settlement 3 700 Ha ~ 7,000,000 m
2
 70,000 cells 

River (11), Transportation Terminal 
(2), Industry (1), Urban open space (4) 

 

 
 

Please fill the Temporary Output File by file name as temp_simulation.tif  which will be used as temporary file 

during the simulation process. Check is required to perform checks on the elasticity to the land use code. If there 

is dissimilarity between the elasticity of change and code, it will appear errror report on the LanduseSim 

console. 

 

 
 

8. Click on LUCC Simulation module, and enter the required parameters, among others the projection dates, initial 

land use maps, a set of transition-rules, neigborhood filter, and CA-Time Step. 

 

 

Start date  : 2003 
End date  : 2013 
Set of Transition Rules : 
SetTransitionRules_2003_2013.txt 
Neighborhood Filter : Filter_3x3Sum.txt 
CA Time Step : 10 (growth per year iteration) 
Output Final : Sim_LU2013.tif 

 

 

 

LanduseSim v.2.3. Benchmark on Laptop: 

CPU, Memory, HDD, OS 
CPU  
Released 

Core/ 
Threads 

Run at 
speed 

(Resolution) 
Number of 
Cells 

Num of LU Growth /  
Time (Per year 
Growth simulation) 

Elapsed Time 

Intel Core i7 4720HQ @ 2.6GHz 
OS : Windows 10 64Bit 

Q1’ 2015 
4 Cores 
8 Threads 

3.4 Ghz 
(798 * 915) 
730,170 cells 

2 Land use classes 
10 Years 

19 Minutes 

Intel Core i5-4200M @ 2.5 Ghz 
Mem : 4GB RAM DDR3 
OS : Windows 7 SP1 64Bit 

Q4’ 2013 
2 Cores 
4 Threads 

3.0 Ghz 
(798 * 915) 
730,170 cells 

2 Land use classes 
10 Years 

22 Minutes 
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Intel Core i3 4030U @ 1.9 Ghz 
Mem : 2GB RAM DDR3 
OS : Windows 7 32Bit 

 
2 Cores 
4 Threads 

0.8-1.9 
Ghz 

(798 * 915) 
730,170 cells 

2 Land use classes 
10 Years 

34 Minutes 

Intel Core i3 2310M @ 2.1 Ghz  
Mem : 2GB RAM DDR3 
OS : Windows 7 32Bit 

Q1’ 2011 
2 Cores 
4 Threads 

2.1 Ghz 
(798 * 915) 
730,170 cells 

2 Land use classes 
10 Years 

41  Minutes 

AMD A8-4500M APU @ 1.9 Ghz 
(run default on 1.4 Ghz) 
Mem : 4GB RAM DDR3 
OS : Windows 7 SP1 64Bit 

Q2’ 2012 
4 Cores 
4 Threads 

2.3 Ghz 
(798 * 915) 
730,170 cells 

2 Land use classes 
10 Years 

62 Minutes 

Intel Celeron N2840 @ 2.58 Ghz  
Mem : 2GB RAM DDR3 
OS : Windows 7 32Bit 

Q3’ 2013 
2 Cores 
2 Threads 

2.58 Ghz 
(798 * 915) 
730,170 cells 

2 Land use classes 
10 Years 

92 Minutes 

Notes: the length of time in simulation process is determined by the type and speed of CPU 

 

 

 
 

Map and Data Visualization 
 

At this stage, the simulation result can be displayed either as a map or graphic data. In order to generate map 

visualization, user able to choose LanduseSim or ESRI ArcGIS. Map visualization using LanduseSim has some limitations 

on colors and range of land use code, meanwhile Microsoft Excel can be used to create charts.. 

 

1. After the simulation process, in order to preview the result can be through modules Preview Grid File. 

Futhermore, the detail land use change data can be generated through Map Comparison Module. 

 

  
 

To evaluate the change between periods, please use Map Comparison module 
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Notes: Units from the results change analysis is grid / cell 

 

2. To preview the result of simulation maps on ESRI ArcMap, all maps should be converted back into ASCII format. 

Import/Export File  Export to ESRI ASCII format  input name file of TIF (hasil simulasi)  input the 

ESRI ASCII References, such as Land use ASCII file  input name of output file and save as ASCII  

Export. Considering LanduseSim simulation can generate time-series maps, then it is better to export all 

generated maps to ArcMap. 

 

 
 

3. Open the ESRI ArcMap and import the ASCII (generated from LanduseSim) into raster by means of 

LanduseSim Toolbox  Data Preparation  ASCII to Raster. Choose ‘Integer’ for land use map, and float for 

others.  

 

 
 

4. Keep the same style appearance (color and legend) by importing style ever made in the preceding stage, so as 

to provide ease of interpretation. Double click on layer (layer properties)  Symbology  import 

Symbology. 
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The following maps are land use map visualization from 2003 to 2013 influenced by the growth of settlements 

and industries. 

 
Y2003 (Existing) 

 
Y2004 (Sim) 

 
Y2005 (Sim) 

 
Y2006 (Sim) 

 
Y2007 (Sim) 

 
Y2008 (Sim) 

 
Y2009 (Sim) 

 
Y2010 (Sim) 

 
Y2011 (Sim) 

 
Y2012 (Sim) 

 
Y2013 (Sim) 

 

 



 p. 15 

 

 

 
 

5. To acquire aggregate of land use change data, uses Modul Preview Grid. LanduseSim  Preview Grid Module 

 Open File  Compute. The grid data of land use map that have been computed by compute Grid (Preview 

Grid Module), can be moved to Excel, select all data on Preview Grid  Copy (push Ctrl+C)  Paste 

(Ctrl+V) into Microsoft Excel. 

  

 

 
 

Y2003 (EXT) Y2013 (SIM)

LAND USE CHANGE

Class Land use 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

1 Industry 10618 11118 11618 12118 12618 13118 13618 14118 14618 15118 15618

2 Transportation Terminal 1343 1343 1343 1343 1343 1343 1343 1343 1343 1343 1343

3 Settlement 195312 202312 209312 216312 223312 230312 237312 244312 251312 258312 265312

4 Urban open space 3408 3408 3408 3408 3408 3408 3408 3408 3408 3408 3408

5 Openland 3812 3429 3186 2993 2881 2767 2637 2487 2359 2205 1989

6 Plantation 22740 21563 20352 18960 17496 15896 14225 12552 11098 9787 8523

7 Dryland 15434 13863 12658 11700 10675 10035 9564 9186 8747 8366 8051

8 Fishpond 35732 35263 34707 34132 33580 33016 32464 31979 31505 31088 30667

9 Swamp 15059 14897 14763 14642 14532 14414 14291 14192 14086 13968 13814

10 Paddy Field 155844 152142 148007 143762 139539 135077 130535 125835 120948 115836 110722

11 River 7360 7360 7360 7360 7360 7360 7360 7360 7360 7360 7360

Unit in Cell/Grid

NON-BUILT UP AREAS

Class Land use 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

4 Urban open space 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%

5 Openland 100% 89.95% 83.58% 78.52% 75.58% 72.59% 69.18% 65.24% 61.88% 57.84% 52.18%

6 Plantation 100% 94.82% 89.50% 83.38% 76.94% 69.90% 62.55% 55.20% 48.80% 43.04% 37.48%

7 Dryland 100% 89.82% 82.01% 75.81% 69.17% 65.02% 61.97% 59.52% 56.67% 54.21% 52.16%

8 Fishpond 100% 98.69% 97.13% 95.52% 93.98% 92.40% 90.85% 89.50% 88.17% 87.00% 85.83%

9 Swamp 100% 98.92% 98.03% 97.23% 96.50% 95.72% 94.90% 94.24% 93.54% 92.76% 91.73%

10 Paddy Field 100% 97.62% 94.97% 92.25% 89.54% 86.67% 83.76% 80.74% 77.61% 74.33% 71.05%
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Notes: The analysis can be carried out more in-depth and more specific when we use more detail administrative 

boundaries, such as districts boundaries. By conducting in-depth review, we will get the amount of detail changes 

into district level, so it can be used to generate more specific policy related the development for certain area. 
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More detail information, please visit our webpage: 

www.landusesim.com  

For general information such as software purchasing, joint research, projects and services 

Please contact our LanduseSim Representative Divison at info@landusesim.com  

 

 

Office 

Laboratory for Computational and Planning Analysis 

3rd Floor, Department of Urban and Regional Planning 

Sepuluh Nopember Institute of Technology 

www.its.ac.id  

Telp. +62 5922425 

Fax. +62 5922425 

http://www.landusesim.com/
mailto:info@landusesim.com
http://www.its.ac.id/

