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1. Product Introduction 

1.1. UrbanVCA Model  

UrbanVCA is a GeoAI-based software for the simulation and prediction of urban 

development and land-use change process by using vector-based cellular automata. 

UrbanVCA supports the simulation and prediction of both land-use interchange and 

urban land-use expansion processes within the city (Yao et al. 2017, Zhai et al. 2020). 

1.2. Target Users 

Urban planners and researchers in the field of urban planning. 

1.3. Installation 

Please unzip the program to the full English file path. Double-click 

“UrbanVCA.exe” in the program directory to start the UrbanVCA program. 

1.4. User Interface 

 

1.5. Software Control Panel Description 
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1.5.1. Menu Bar 

The menu bar of UrbanVCA includes six parts: 

 "File ", "Preprocessing", "Overal Probability", "UrbanVCA Model", "Markov-

based Prediction" and "Help". 

 

1.5.2. Tool Bar 

The tool bar of UrbanVCA includes 10 parts: 

"Open vector data", " Open raster data ", " Reclassification", "DLPS split", "Match 

land use data", "Calculate OP", "UrbanVCA ", "UrbanVCA with factors", "Markov 

chain" and "About us".  

 

1.5.3. Data Management Panel 

This area is used to display open data and perform some of the basic functions of 

GIS, where the data consists of "vector data", "raster data", and the data that has been 

imported into the system is displayed under each module.  

 

 

1.5.4. Log Output Panel 
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This area is used to record system operations, including operation time and 

operation content. 

 

1.5.5. Data Visualization Panel 

The panel outputs and displays the log when the model is executed. 

 

 



UrbanVCA User Manual:  

Urban land-use change simulation and prediction system based on real land-parcels 6 

 

 

1.5.6. Directory Selection Dialog Box 

This module provides a UI for directory and file selection. 

 

1.5.7. Exception Prompt Dialog Box 

This dialog box prompts the error and provides the necessary information to 

debug. 
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2. Data Display Module 

2.1. Basic Function 

2.1.1. Import Files 

Click the “Open Vector File” button  in the toolbar, it will automatically 

jump to the Directory Selection Dialog Box for vector file selection.  

 

Click the “Open Grid File” button  in the toolbar, it will automatically jump 

to the Directory Selection Dialog Box for raster file selection.  
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3. Data Preprocessing Module 

3.1. Land Use Reclassification Function 

To facilitate subsequent operations, the land-use type of the data needs to be 

coded. To this end, the team designed and developed the "land use reclassification" 

function. 

3.1.1. Features 

First-Click the “Preprocessing” in the menu bar and choose the “Reclassification”, 

it will automatically jump to the “Reclassification” Setting Module. 

 

Click the toolbar’s button  would work in the same way: 
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3.1.2. Land Use Reclassification 

First, select the land use data to be reclassified in this functional interface. The 

user can select the vector file in the pop-up dialog box by clicking  the 

button, as shown in the following figure:  

 

When completed, the system will automatically identify all attribute list field 

names in the data, and the user needs to select the field names corresponding to the 

original land use type: 

 

Next, you can set the total number of land use types after the reclassification, and 

the field name corresponding to the land use types after the reclassification: 

 

After completing the above parameter settings, click the "OK" button the system 

will automatically display the reclassification rule settings, and the user can encode the 

original land type with 0~N-1 digits according to the needs, as follows:  

 

(Note: "-1" indicates in the digital encoding that the type does not consider changes in 
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the land use simulation process. This function is optional and not necessary.) 

Finally, the user selects the save path of the reclassified data and clicks the 

"Reclassify" button: 

 

In order to ensure the safety of the software during operation, and to facilitate the 

user to observe the operation of the function in real time, the software sets up a log 

status bar, and automatically locks the interface during the operation of all functions 

until the function is completed: 

 

 

3.2. Vector Dynamic Land use Parcel Splitting (DLPS) Module 

3.2.1. Features 

First-Click the “Preprocessing” in the menu bar and choose the “DLPS split”, it 

will automatically jump to the “DLPS split” Setting Module. 
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Click the toolbar’s button  would work in the same way: 

 

3.2.2. Vector Dynamic Land use Parcel Splitting 

First, we need to select the vector land use file path to be split, and the vector land 

use data save path after splitting: 

 

The user can select the vector file in the pop-up dialog box by 

clicking  the button, as shown in the following figure:  
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Then you will need to set the parcel splitting parameters, including the number of 

iterations of parcel splitting (“Max iteration”), the threshold for maximum parcel area 

(“Max parcel area”), and the field name of the land-use type after reclassification.  

Among them, the “Max parcel area” function is: the parcel area exceeds this 

threshold to split, if set to "0", the system will automatically set the threshold to the 

average parce; area based on the current data. The dynamic plot splitting parameter 

setting interface is shown in the following figure:  

 

In addition, when the “Max parcel area” threshold is 0, the system splits parcels 

with an area greater than "average parcel area + n*dStd". The allowable product 

parameter (n) for the area standard deviation and the mean area standard deviation is 

set as follows (default is 3):: 
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After completing the above parameter settings, the user can click the "Run DLPS" 

button to split. 

 

In addition, users can observe the function in the log status bar. 

 

3.3. Land Use Data Matching Module 

Consider that the size, shape, land use type, location, etc. of vector parcels before 

and after land use change may be different. Therefore, in order to accurately obtain the 

land use type of each plot before and after the land use change, our team designed and 

developed the "matching land use data" function. 

3.3.1. Features 

First-Click the “Preprocessing” in the menu bar and choose the “Match land use 

data”, it will automatically jump to the “Match land use data” Setting Module.  

 

Click the toolbar’s button  would work in the same way: 
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3.3.2. Land Use Data Matching 

First, the user needs to enter the land use data before and after the land use change, 

and the field name with the land use type digital code. By clicking the  

button, the user can select the land use data in the pop-up dialog box, and the system 

will automatically identify all attribute list field names of the current data when 

completed. The user can select the field name with the land use type numeric code in 

the drop-down list.  

 

After completion, the user sets the land use data saving path after matching, and 
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then clicks the "Match" button, and the system will automatically run the land use data 

matching function. 

 

Exported land-use data will automatically generate 

fields: ID, before, simulated, after, Pr, area, centerX, centerY, Pg0, Pg1...Pgn, N0, N1.

.. Nn. They are respectively expressed: parcel ID serial number, land type before land 

use change, land use type after land use simulation change, land use type after land use 

change, limiting factor, parcel area, parcel centroid coordinate X, parcel centroid 

coordinate Y, The overall development probability of the parcel developing into the 0th 

land type, and the overall development probability of the parcel developing into the 

1st land type... The overall development probability of the land parcel developing into 

the nth type of land, the parcel subject to the neighborhood effect of the 0th land type, 

the parcel subject to the neighborhood effect of the 1st land type... the parcel subject to 

the neighborhood effect of the nth type of land. The data is automatically generated in 

a list of properties as follows:  

 

(The picture comes from QGIS software) 

In addition, users can observe the function in the log status bar. 
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4. Overall Development Probability Calculation 

Module 

4.1. Overall Development of Probabilistic Calculation 

4.1.1. Features 

First-Click the “Overall probability” in the menu bar and choose the “calculate 

OP”, it will automatically jump to the “calculate OP” Setting Module.  

 

Click the toolbar’s button  would work in the same way: 

 

4.1.2. Calculate OP 

First, user needs to import the spatial auxiliary variables in Tiff format, and the user can 

click the  button to select multiple spatial auxiliary variables in the pop-

up dialog box, as shown in the following figure:  
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The user then needs to import the land use data matching data file (see 3.3.2 for 

details) as follows: 

 

Then, users can choose multiple machine learning models such as random forest, 

neural network, logistic regression, etc. according to their needs, or they can directly 

import Pg files externally:  

 

If the user selects a machine learning model, the parameters of the model can be 

set and the Pg file saved from the training path can be selected: 

 

 

If the user chooses to import the Pg file directly externally, the import space 

auxiliary variable is not required. Note that the Pg format is .csv, and the format of each 

line is: "Pg0, Pg1... Pgn, ID", where the ID of each parcel is the value corresponding to 

the "ID" field in the generated attribute list for land use data matching (the format can 

refer to the trained Pg above) The user needs to import the path where the Pg file is 

located in the following figure:  
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After completing the above settings, the user sets the storage path of the overall 

development probability data file, and then clicks the "Calculation" button, as shown 

in the following figure: 

 

The software also provides the ability to visualize the overall development 

probability. After the calculation is complete, the user can select the overall 

development probability of developing to the ith type of land in the drop-down list box 

on the upper right side, as follows: 

 

The software then automatically displays a visual dynamic rendering of the overall 

development probability on the right side of the interface, and the redder the color, the 

greater the probability value. 
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Users can also observe the function in the log status bar. 

 

Of course, users can also skip this module and directly modify the content of the 

Pg field in the attribute list of land use data after matching. 

 

(The picture comes from QGIS software) 
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5. UrbanVCA simulation module 

5.1. UrbanVCA Model Simulation Function 

5.1.1. Features 

First-Click the “UrbanVCA Model” in the menu bar and choose the “UrbanVCA”, 

it will automatically jump to the “UrbanVCA” Setting Module.  

 

Click the toolbar’s button  would work in the same way:  

 

5.1.2. UrbanVCA Model Simulation 

First, the user needs to import the overall development probability calculation file 

(see 4.1.2 for details), and set the neighborhood radius value and the number of 

iterations as follows: 
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When complete, the system automatically counts and displays the area size of the 

conversion between the various land use types, as follow: 

 

Each value in the table in the graph represents the area where the land use type 

corresponding to the column is turned to the land use type corresponding to the row. 

Disregarding the use of a situation where the type has not changed. 

 The user can then set the restricted development area as needed, and by importing 

the .shp file of the restricted area in the following image, the system will automatically 

prohibit the development of plots located in the restricted area (this function is optional, 

not necessary).  

 

The user can then set the land use change area as shown in the figure. Among them, 

selecting "Default" indicates the statistical results of the imported total development 

probability calculation file used by the system; selecting "Portion" indicates that the 

conversion area between various land use types can be artificially modified, and the 

system uses the artificially modified value; selecting "Total" Indicates that the 

development area of various land use types can be artificially modified, and the system 

adopts the artificially modified value. 
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At the same time, the user clicks "Conversation rules" to set up land-use 

conversion rules, and set whether conversions occur between land-use types by double-

clicking the median value in the table. 

 

Each value in the table in the graph represents the shift from the land use type 
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corresponding to the column to the land use type corresponding to the row, regardless 

of the fact that the land use type has not changed. 

 After setting the above parameters, the user selects the folder path where the 

simulation results are saved and exported, and clicks the "Run" button to start running. 

 

Note: The result file contains land use simulation data (.shp) and corresponding 

accuracy evaluation (.txt). For land-use simulation data, users can view the "simulated" 

field after opening their attribute list, which represents the simulated land use type of 

each parcel (the meaning of each field in the attribute list is detailed in 3.3.2).  

In addition, users can observe the function in the log status bar. 

 

 After the model simulation is completed, the accuracy evaluation results obtained 

by each iteration will be displayed in the table on the right, and the user can also click 

the "Export accuracy table" button to export the accuracy evaluation results. 
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5.2. UrbanVCA Model Simulation with Additional Factors 

Function 

Considering that the current research involves more and more vector cellular 

automaton model construction, many studies have considered multiple additional 

factors on the basis of the original cellular automata model: 

P = Pg ∗ Pr ∗ Ω ∗ RA ∗ Factor1 ∗ Factor2 ∗ … ∗ Factorn 

Among them, Pg is the overall development probability, Pr is the limiting factor, Ω 

is the neighborhood effect, RA is the random factor, and Factorx is the Xth additional 

factor.  

Therefore, in order to facilitate the researchers to carry out relevant research, the 

team designed and developed an UrbanVCA model with additional factors. 

Note: This operation requires the addition of the required fields and corresponding 

values on the basis of the overall development probability calculation file (see 4.1.2 for 

details) in advance, and the system will use the specified fields as additional factors to 

achieve the UrbanVCA model simulation of the additional factors. 

5.2.1. Features 

First-Click the “UrbanVCA Model” in the menu bar and choose the “UrbanVCA 

with factors”, it will automatically jump to the “UrbanVCA with factors” Setting 

Module.  

 

Click the toolbar’s button  would work in the same way:  
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5.2.2. UrbanVCA Model Simulation with Additional Factors 

First, the user needs to import the overall development probability calculation file 

(see 4.1.2 for details), and set the neighborhood radius value and the number of 

iterations as follows: 

 

When complete, the system automatically counts and displays the area size of the 

conversion between the various land use types, as follow: 

 

Each value in the table in the graph represents the area where the land use type 

corresponding to the column is turned to the land use type corresponding to the row. 
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Disregarding the use of a situation where the type has not changed. 

 The user can then set the restricted development area as needed, and by importing 

the .shp file of the restricted area in the following image, the system will automatically 

prohibit the development of plots located in the restricted area (this function is optional, 

not necessary).  

 

The user can then set the land use change area as shown in the figure. Among them, 

selecting "Default" indicates the statistical results of the imported total development 

probability calculation file used by the system; selecting "Portion" indicates that the 

conversion area between various land use types can be artificially modified, and the 

system uses the artificially modified value; selecting "Total" Indicates that the 

development area of various land use types can be artificially modified, and the system 

adopts the artificially modified value. 

 

 



UrbanVCA User Manual:  

Urban land-use change simulation and prediction system based on real land-parcels 27 

 

 

 

  At the same time, the user clicks "Conversation rules" to set up land-use 

conversion rules, and set whether conversions occur between land-use types by double-

clicking the median value in the table. 

 

Each value in the table in the graph represents the shift from the land use type 

corresponding to the column to the land use type corresponding to the row, regardless 

of the fact that the land use type has not changed. 

 Next, the user can add multiple additional factors. For this operation, the required 

fields and corresponding values need to be added on the basis of the overall 

development probability calculation file (see 4.1.2 for details) in advance, and the 

system will use the specified fields as additional factors. After completion, the user 

clicks the "Add" and "Remove" buttons to add and delete additional factors, as shown 

below: 
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 After setting the above parameters, the user selects the folder path where the 

simulation results are saved and exported, and clicks the "Run" button to start running. 

 

Note: The result file contains land use simulation data (.shp) and corresponding 

accuracy evaluation (.txt). For land-use simulation data, users can view the "simulated" 

field after opening their attribute list, which represents the simulated land use type of 

each parcel (the meaning of each field in the attribute list is detailed in 3.3.2).  

In addition, users can observe the function in the log status bar. 

 

 After the model simulation is completed, the accuracy evaluation results obtained 

by each iteration will be displayed in the table on the right, and the user can also click 

the "Export accuracy table" button to export the accuracy evaluation results. 
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6. Markov Chain Prediction Module 

6.1. Markov Chain Prediction Module Function 

Considering that it is often necessary to predict land development in research, the 

team designed and developed a Markov chain model to predict the changing area value 

of various land use types in the future. This value can be entered into the "Total" 

parameter column in the UrbanVCA model simulation (see 5.1.2 or 5.2.2 for details) to 

achieve land use prediction. 

6.1.1. Features 

First-Click the “Markov-based Prediction” in the menu bar and choose the 

“Markov chain”, it will automatically jump to the “Markov chain” Setting Module.  

 

Click the toolbar’s button  would work in the same way:  

 

6.1.2. Markov Chain Prediction 
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First, set the land use data before the change, the field name of the land use type 

corresponding to the land use data before the change, and the year corresponding to the 

land use data before the change, as shown below:  

 

Note: For the setting of the field name of the land use type corresponding to the land 

use data, please refer to "Land Use Data Matching" for details. 

Then, set the changed land use data, the land use type field name corresponding to 

the changed land use data, and the year corresponding to the changed land use data, as 

shown below: 

 

Next, the user can set the year to be forecasted, as follows: 

 

 If the user needs to involve a Markov chain with additional restrictions, he can 

click the "Set" button to set the rules. The user sets whether the conversion between 

land use types occurs by double-clicking the value in the table. 

 

Each value of the table in the figure indicates that the land use type corresponding to 

the column is shifted to the land use type corresponding to the row, regardless of the 

situation that the land use type has not changed. 

 After completing the above parameter settings, the user selects the prediction result 
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save and export path, and clicks the "Calculation" button. 

 

After the calculation is completed, the user can view the result file, as shown in the 

figure: 

 

Among them, the first line in the result file represents the area of each land use type 

before the change, the second line represents the area of each land use type after the 

change, and the third line represents the area of each land use type in the forecast year 

compared with the land use type before the change. change in area. The user inputs the 

values in the third row into the "Total" parameter column in the UrbanVCA model 

simulation in sequence (see 5.1.2 or 5.2.2 for details) to realize land use prediction. 
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7. Help Module 

7.1. Features 

First-Click the “Help” in the menu bar and choose the “About us”, it will 

automatically jump to the “About us” Setting Module.  

 

Click the toolbar’s button  would work in the same way:  
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8. Precautions for using the software 

Attention: 

1. For the paths, data names, attribute fields, etc. involved in the use of the software, 

please use all English uniformly. 

 

2. For the land use data, auxiliary spatial variable data, etc. involved in the use of 

the software, please use a unified projection coordinate system. 
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9. Copyright and Contact 

If you encounter problems in use, please contact us in time. 

 

UrbanVCA: Urban Land-use Simulation and Prediction System based on Real  

Land-parcels.   

Version 2.0.0 

 

Contact: Yao YAO (yaoy@cug.edu.cn) 

Linlong LI (mapping.lll@foxmail.com) 

Zhenhui SUN (vadersun@163.com) 

Tao CHENG (Chengtcug@foxmail.com) 

 

Website: http://www.urbancomp.net 

 

Copyright 2022 HPSCIL All Rights Reserved 

 

HPSCIL@CUG Urban Computing Group. 

 

All rights reserved. 
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