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PREFACE 

This book serves as an open educational resource for both undergraduate and postgraduate degree programs, offering a detailed, step-by-step guide to 

modeling future land use change using the MOLUSCE plugin in QGIS. Designed to bridge the gap between theoretical knowledge and practical application, 

this guide is meticulously crafted to meet the needs of students, educators, and practitioners alike. 

Within the book, readers will find comprehensive instructions on utilizing advanced algorithms such as Artificial Neural Networks (ANN), Logistic Regression 

(LR), and Weight of Evidence (WoE) to analyze and predict future land use changes. The guide provides detailed processes for ingesting raster data 

representing historical land use patterns and pertinent explanatory variables, training predictive models, and simulating future land use scenarios.  

The book not only enhances learning in academic settings by providing real-world applications and case studies but also equips industry professionals with the 

skills necessary to conduct advanced spatial analysis and contribute meaningful insights in their fields. By understanding and managing land use dynamics, 

users can anticipate and plan for changes, facilitating informed decision-making in areas such as urban planning, natural resource management, and 

environmental conservation. 

Whether you are a student aiming to master land use modeling and geographic information systems, a teacher looking for robust educational tools, or a 

practitioner in need of refining your technical expertise, this book offers invaluable guidance and support. It ensures that users at all levels gain proficiency in 

leveraging modern technologies to explore and solve geographic challenges effectively, empowering proactive planning and management of land resources for 

resilient and sustainable landscapes. 
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CHAPTER 1: INTRODUCTION 

1.1 Modeling the Future Land Use Change using  MOLUSCE 

MOLUSCE (Modules for Land Use Change Simulations) is a powerful plugin designed to analyze and predict future land use changes within specific regions. 

Utilizing advanced algorithms such as Artificial Neural Networks (ANN), Logistic Regression (LR), and Weight of Evidence (WoE), MOLUSCE integrates various 

spatial and non-spatial factors to simulate land use dynamics over time. By ingesting raster data representing historical land use patterns and pertinent 

explanatory variables, MOLUSCE trains predictive models to forecast future land use scenarios.  

This modeling approach offers several benefits for understanding and managing land use change. Firstly, MOLUSCE provides valuable insights into the potential 

impacts of various socio-economic, environmental, and policy factors on land use dynamics. By simulating future scenarios, allows stakeholders to anticipate 

and plan for changes in land use patterns, facilitating informed decision-making in areas such as urban planning, natural resource management, and 

environmental conservation. Additionally, MOLUSCE enables the assessment of different land management strategies and policy interventions, helping to 

identify optimal pathways for sustainable land use development.  

MOLUSCE empowers users to explore and visualize future land use changes, enabling proactive planning and management of land resources for resilient and 

sustainable landscapes. 
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1.2 Required Equipment/s , Software /s, and Inputs  

Equipment /s Software /s Inputs  

       

¶ A computer with sufficient processing power 

and memory is necessary to run QGIS and 

MOLUSCE efficiently, especially when dealing 

with large datasets or complex analyses. 

¶ There are no strict formal system requirements. 

¶ It is recommended to have a computer with 

modern specifications to ensure smooth 

performance. 

 

¶ QGIS 3.0 or later can be used for data preparation 

works 
     

¶ Users require raster data representing historical 

land use patterns and explanatory variables 

(such as socio-economic factors, and 

environmental variables) relevant to the study 

area. 

¶ These raster datasets can be obtained from 

various sources, including remote sensing data, 

governmental agencies, or research institutions. 

¶ In the absence of such raster data sets, it is 

necessary to prepare those raster data sets 

through QGIS software, using the data as 

needed. 

         

¶ This version of QGIS needs to be installed to use 

the MOLUSCE plugin.  

¶ Users can download and install the plugin from the 

QGIS Plugin Repository  here. 

QGIS Platform Overview  

¶ Type:  Open-source 

¶ Installation:  Available for Windows, macOS, Linux 

Table 1 -Required Items for Study 

QGIS Desktop 3.22.7  

 

QGIS Desktop 2.18.15  

 

Computer  

 

Raster Data  
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1.3 Final Result  of the Modeling  

 

Our modeling process using MOLUSCE has provided a clear picture of what 

Dambulla's landscape could look like in 2035. We used data from 2005 and 

2020 to predict how land use will change in the future. By looking at various 

spatial and non-spatial factors such as environmentally sensitive areas, land use 

efficiency of the area, accessibility, access to basic services, and population 

density, we have made some strategic assumptions about how the land in the 

Dambulla region will be used in the coming years.  

The results show us where things might stay the same and where big changes 

could happen. This helps us understand how our cities might grow, how 

agricultural activities might change, and how we can protect our environment 

better. By knowing what could happen, we can make better plans for the future, 

ensuring our landscapes are healthy and sustainable for years to come. 

Figure 1 -Final Result of the Modeling 
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1.4 Data Preparation and Modeling Process  

Figure 2 -The Modeling Process. 
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CHAPTER 2: DATA PREPARATION 

Example Study Area   

 

 

Data Collection  

  

For this exercise, the Dambulla Regional area has been selected as the example 

study area. This is one of the major cities according to the National Physical 

Plan for 2050. Greater Dambulla Regional Boundary was introduced under this 

National Physical Plan of Sri Lanka, and it is to be used in this exercise. 

 

By conducting a field visit in the Dambulla area, we identified its special 

characteristics. One of the special things that we focused on while doing the 

study was how the future land use pattern could be. Accordingly, we studied a 

considerable amount of past land use patterns and current land use patterns in 

this area. After collecting a certain amount of data with the help of local 

residents, we engaged in further studies with the help of local-level institutions 

and officials. 

Additionally, we obtained some pre-processed datasets from government 

agencies such as the Urban Development Authority, Sri Lanka Mahaweli 

Authority, and the National Building Research Organization. 

Figure 3  -The Study Area 
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2.1 Preparation of the Land Use Layers  

To model the future land use change of a particular area using MOLUSCE, it is necessary to select a period and prepare relevant land use raster layers. These 

land use layers must be classified under certain major land uses. A high count of land use categories may cause errors while using MOLUSCE. In this exercise, 

the period considered here is from 2005 to 2020 , to predict the future land use change, and we used the classified land use layers for the years 2005 and 2020 

separately. Both the layers should have the same land use categories . However, there is a practical possibility that one or more land use categories that 

did not exist in 2005 will be added by 2020. 

In this situation, we cannot see that kind of scenario and the Built -up areas, agricultural lands, vegetation layers, and water bodies  are the categories that 

are included in these layers that we have used. 

         
Figure 5 -Land use layer  for the year 2005 Figure 4 - Land use layer  for the year 2020 
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Looking at the preparation of these two layers, the vector layers should be prepared first. Here we were able to obtain two pre-processed vector layers for the 

years 2005 and 2020 through their associated government agencies. If you are trying to make a land use prediction for an area like this, first find out if the area 

has pre-processed land use vector layers. Once you have gotten them, you can present the land use categories as needed through tasks such as updating 

their attribute tables. 

The standard categorization of land uses can be shown as follows. If you are looking to do a detailed land use classification, Level 3 categorization is best for 

that. When it comes to Level 2, land uses are quite compact, and a collection of several land uses mentioned in Level 3 is included here in one category. 

Level 1  Level 2  Level 3  

Build up 
Non-built-up 

 

Business 
Commercial 
Education 
Government (Institutional) 
Health 
Industries/Distribution 
Open Land 
Other 
Residential 
Roads 
Transport 
Wetland 

 

Airport 
Animal Clinics 
Bakery / Spa / Saloon/laundry / Shops and Houses 
Bank 
Bare Land (Land Sale / Non-Use Land / Etc.) 
Borrow Pits 
Bus Depot 
Bus Stands 
Cemetery 
Child Education Centers / Child Day Care Centers 
Church 
Condominium Scheme 
Conference & Exhibition Centers 
Construction Office & Yards 
Construction Site 
Corporations 
Court Houses 
Departments / Boards / Authorities 
Elderly Homes 
Embassy  
Financial Support Institution / Insurance Company 
Fuel Stations 
Garments 
General Hospital (Large Size Hospital) 

Government Quarters 
Health Care Centers 
Hostels & Domes 
Hotel & Motel 
Hotel with More than 100 Rooms 
Housing Scheme More than 10 Houses 
Housing Scheme More than 100 Houses 
Individual Private Houses / Dwelling Houses 
International School / Private School 
Kovil 
Lakes 
Logistics and Distribution Centers 
Low-Income Houses 
Manufacturing Plants 
Market 
Marshy 
Medium Size Hospitals (District/Military Hospitals) 
Metal Quarry 
Military Admin Office 
Ministries 
Mosque 
Motor Vehicle Yard 
Museum 
Library 

Table 2 ï Standard Land Use Categorization  

Table 2 -Standard Land Use Categorization 
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Regarding the Dambulla area, we mainly identified 4 land use categories. This can be expressed as a level 2 type of categorization because many types of 

land uses are shown in this one category here. For this categorization of the layer, first, we open the 2020 land use vector layer from the 2005 and 2020 land 

use layers through the QGIS 3.22.7 version. You can use any version of QGIS for this. 

Step 01  ï  

1.1 Open the QGIS on your computer and click on ñNew Empty Project ò. 

 

 

 

 

 

 

 

 

 

 

 

 

 



9 | P a g e  
 

 

1.2 Then the workspace will be shown as follows on your screen. Next, we have to import the relevant vector layer. 
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Step 02ï Importing vector layers into QGIS  

1.1. You can open your vector files with QGIS in the following way using the layer toolbar. (Layer > Add Layer > Add Vector Layer )  

Otherwise, you can use the short key (Ctrl+Shift+ V) to open the vector files. 
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1.2. Then the following window will appear on the screen. You have to browse the location that the data files stored on your computer.  
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2.3 After clicking on ñBrowseò, the following window will open. Then, go to the relevant folder and select the vector file. Usually, a shape file consists of 6 other 

files. The file type you should choose to open here is the "AutoCAD Shape Source " file. As per the instructions, click on that layer, and after that click on 

ñOpenò. 

 

 

1 

2 
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2.4 Again, click on ñAddò to add the layer to the workspace.  
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2.5 The land use layer will appear on the screen as follows. 
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Step 03ï Setting up the Coordinate Reference System  (CRS) 

The Coordinate Reference System of all the layers used for this land use prediction should be the same. The first thing we prepare in this way is the Land Use 
Layers. Here we choose a Coordinate Reference System for this layer, this Coordinate System must be used for all the layers prepared from now on. 

3.1 To set up the Coordinate Reference System, first, right-click on the layer, and click on ñProperties ò. Then, the layer properties will open. 
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3.2 Under the ñSourceò tab, the assigned coordinate reference system can be seen. If you want to change CRS, click on the icon near the position that the 

current CSR showing.  
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3.3 Then, the following ñCoordinate Reference System Selector ò window will open. In this scenario, ñEPSG 4326ò is the CRS that we want to select. For that, 

type the name in the search bar as follows. Then the CRS will appear under the ñPredefined Coordinate Reference Systemsò. Simply click on that and click 

ñOKò to proceed.  

 

 

1 

2 

3 
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3.4 Now click on ñApplyò and ñOKò to change the Coordinate Reference System.  

  



19 | P a g e  
 

Step 04  ï Functions related to updating the Attribute  Table  

4.1 Now, right-click on the layer and click on ñOpen Attribute Table ò.  
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4.2 The Attribute Table of the layer will open as follows. Under the column ñMainuseò, we can see the land use of every plot of the Dambulla regional 

area.  

 

We divide all the above land uses into 4 main categories. They can be shown below. 
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Agricultural Lands  Built -up Areas  Vegetation  Water Bodies  

Agricultural Land 

Chena 

Coconut 

Mixed Crop 

Paddy 

Archeological Sites 

Aviation 

Bank & Allied 

Commercial/ Residential 

Commercial 

Educational 

Health 

Home Garden 

Industrial 

Institutional 

Open Space 

RDA Road 

Other Road 

Railway 

Religious 

Reservation 

Residential 

Socio-cultural 

Sports & Amusement 

Sores & Warehouse 

Tourism 

Transportation 

Under Construction 

Utility 

Vacant Building 

Vacant Land 

Forest 

Grassland 

Marshy 

Plantation 

Other Plantation 

Scrub 

Water Bodies 

Catchment Area 

Dam 

Abandon Tank 

River 

Water Tank 

 

 

 
Table 3 -Land use categorization for the selected land use layers 
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4.3 Next, we update these 4 land use categories in the attribute table above. For that, the following steps should be followed. 

¶ First, we should create a new field in the attribute table named ñ2020ò.  

¶ Click on the pencil icon and turn on the ñToggle editing mode ò.  

 

 






















































































































































































































































































































































































































































































































































