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Abstract

When used for landuse change modeling, Cellular Automata (CA) traditionally
assume each cell to be of one landuse type at each time step, ignoring the mixed landuse
structures that are often found in land units. Mixed cells, composed of cover proportions
of multiple landuse types, can better express the continuous changes of land use, and
provide a new perspective for modeling the spatio-temporal dynamics of mixed landuse
structures.

Simulating landuse change with mixed cells is challenging because mixed-cell CAs
are fundamentally different from conventional CAs. We presents the first attempt of
developing a mixed-cell CA (MCCA). The structure of CA is re-designed based on
mixed cells, including the representations of cell state, lattice, and neighborhood. The
transition rules are automatically constructed by random-forest regression over
historical data and a competition mechanism selects among multiple landuse types at
the sub-cell scale. In addition, evaluation methods for both simulation accuracy and
similarity of landuse structure are proposed for MCCA.

The MCCA represents a new breed of geospatial CA models for spatio-temporal
dynamics of mixed landuse structures. Also, the MCCA provides a new approach to
enable more dynamic mixed landuse modeling to move away from the analysis of static
patterns.

One of the biggest advantages of mixed-cell CA models is the capability of
simulating the quantitative and continuous changes of multiple landuse components
inside cells, while pure-cell CA models can only simulate the qualitative and discrete
change of landuse at the cell level. Therefore, mixed-cell CA models are able to
simulate subtle changes in landuse structures caused by minor variations of socio-
economic, eco-environmental and political driving factors, providing a detailed
perspective for understanding landuse change process.

Also, the quantitative and continuous simulations generated by mixed-cell CA
models that contain the information for landuse structure in each cell have the potential
to help researchers more precisely evaluate the impacts of landuse change on many
environment variables, such as air quality, the urban heat island, landscape connectivity,
net primary production (NPP) lost, ecological service value, energy consumption and
more. Mixed-cell CA models may better support space-time continuous analysis and
the quantitative calculation of environment variables. In addition, mixed-cell CA
models provide an enabling approach to the simulation of structural changes of mixed
land use, as most previous studies focused on the measurement and static analysis of
mixed landuse structures and ignored their dynamic evolution. The mixed-cell CA
model can simulate the gradual change in land use structures and help the researchers
understand how the multiple driving factors interact to generate the future distribution
of mixed land use.



MCCA was developed purely in the C++ language. The parallel technology of
MCCA software is from High-performance Spatial Computational Intelligence Lab @
China University of Geosciences (Wuhan) (https://github.com/HPSCIL). The Random
forest technique in our model is from a powerful open source library called Alglib 3.9.2
(http://www.alglib.net/). The Ul of the software is built using a famous open source
library Qt 5 (https://www.qt.io/download/). This Ul provides a real-time display of
dynamic changes of land use in simulation process. Moreover, the using of open source
library GDAL 2.0.2 (http://www.gdal.org/) allows our model to directly read and write
raster data (.tif, .img, .txt files) that includes geographical coordinate information.

This user’s manual is intended to provide users of MCCA a “quick start” on how
to use the software. All of the necessary data and files for the tutorial have been
provided and these can be used as templates for how to format your own files latter on.

1. Download and start MCCA

The latest version of MCCA software and the user’s manual are provided at a download
link (https://github.com/HPSCIL/Mixed Cell Cellullar Automata). Click the
executable files “MCCA VX.0.exe” to start the software.
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Fig. 1. Main interface of MCCA model.

The main interface is a brief image browser which provide dynamic display function
for the simulation process.



2. Example data description

Tab. 1 List of test data

Category

Data

Filename

Description

Mixed Land use
data

Land use structure data

Xianning_2000_landuse_1~7.tif

Xianning_2005_landuse_1~7.tif

Xianning_2010_landuse_1~7.tif

Xianning_2015_landuse_1~7.tif

Each land use structure data has 7 layers, each layer
represents the cover proportion of a land use type:
Layerl: Cropland, Layer2: Woodland, Layer3: Glassland,
Layer4: Waterbody, Layer5: Urban lan, Layer6: Rural
Settlements, Layer7: Other

Constraint data

Land use constraint

OpenWater.tif

Cover proportion of open water

Socioeconomic data

Population population.tif

http://www.geodoi.ac.cn/WebCn/Default.aspx
GDP gdp2010.tif

World Urbanization Prospects: The 2014 Revision, CD-
Proximity to Town center dst_town.tif

ROM Edition

Proximity to highway

Proximity to arterial road

Proximity to primary road

Proximity to secondary road

Proximity to tertiary road

dst_highway.tif

dst_arterialroad.tif

dst_primaryroad.tif

dst_secondaryroad.tif

dst_tetriary.tif

OpenStreetMap (https://www.openstreetmap.org/)

Proximity to high-speed

railway stations

dst_highspeedrailwaystation.tif

http://Ibsyun.baidu.com/

Climatic and

environmental data

Soil type

soiltype.tif

HWSD v 1.2 (http://westdc.westgis.ac.cn/data/844010ba-
d359-4020-bf76-2b588069205)

Annual Mean Temperature

Annual Precipitation

annualTemperature.tif

annualPrecipitation.tif

WorldClim v2.0 (http://www.worldclim.org/)

DEM

Slope

DEM.tif

slope.tif

NASA SRTM1 v3.0




The test dataset are found in the TestData folder. Use this dataset to run example model
or compared with your simulation results. In practical applications, more human-related
and natural environment effects can be taken into consideration. The study region in
this example is Xianning, located in south of Hubei provence, central China. Note that
cover proportions of all land use components represent the landuse structure of a
cell.

3. User interfaces of MCCA model

The MCCA consist of two main parts, 1) Mining of quantitative transition rules and 2)
Simulating dynamic of land use structures. Users are allowed to start corresponding
module by selecting option from the “Mix-cell Cellular Automata Model” button’s
pull-down menu on the main menu.
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Fig. 2. Starting the ‘Mining of quantitative transition rules’ module.

3.1. Mining of quantitative transition rules

3.1.1. Start the module

Click the “Mining of quantitative transition rules” item to start the module that has the
same name as the item. Then input the amount of land use type in your simulation, the
amount of land use types in this experiment is 7. The amount of land use can not be less
than 2 (e.g., urban land and non-urban land).
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Fig. 3. UI of the ‘“Mining of quantitative transition rules’ module.

3.1.2. Input land use data

Click the [ | button in the “Land use Structure” group box and select the two

periods of land use data: ‘Xianning 2000 landuse’ and ‘Xianning 2010 landuse’ in
the pop-up dialog. Note that in this experiment, 7 land use types mean 7 land use
components in each land use structure data. You only need to select the first band of
the two land use structure data (7 bands in total) in this step.
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8 T2 C:/Users/Xun Liang/Desktop/MCCA V1.0/TestData/MixedLanduse/Xianning_2010_landuse_1.tif
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T2 C:/Users/Xun Liang/Desktop/MCCA V1.0/TestData/Mi ianning_2010_landuse_2.tif

10 T2 C:/Users/Xun Liang/Desktop/MCCA V1.0/TestData/MixedLanduse/Xianning_2010_landuse_3.tif

T1==> ¢~T2

Fig. 4. Select two periods of land use structure data.

Please ensure that the latter land use structure data (e.g., T2, Xianning_2010_landuse)
rank behind the early land use structure data (e.g., T1, Xianning_2000_landuse). The

users can click the ™7

¢ button to transpose their sort.

3.1.3. Input driving factors

Click the L button in the “Folder of driving factors” group box and select the

folder of driving factors in the pop-up dialog. The MCCA software would automatically
load the “tiff” File in the folder. Our example data provide 14 driving factors for

example run of MCCA model.
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p/UCCA V1. 0/TestData/DrivingFactor/

lesktop/MCCA V1.0/TestData/DrivingFactor/DEM.tif
2 Cy/Users/Xun Liang/Desktop/MCCA V1.0/TestData/DrivingFactor/annualPrecipitation.tif
C:/UsersfXun Liang/Diesktop/MCCA V1.0/TestData/DrivingFactor/annual Temperature tif

un Liang/Desktop/MCCA V1.0/TestData/DrivingFactor/dst_arterialroad.tif

File list in the folder
tData/DrivingFactor/dst_highspeedrailwaystation.tif
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Fig. 5. Input all the driving factors by selecting one folder.

3.1.4. Setting the training parameters and output path

Users are allowed to set the parameters of Random Forest Regression (RFR).
Sampling rate is set to 0.01 by default, it means about one percent of pixels is selected
for training. The number of regression tree is set to 20 in this experiment. mTry means
the feature number used to train the RFR model. The max feature number is 14 in this

experiment, equal to the number of driving factors. Then, click the L | putton in

the “Output Raster” group box and input the save path of change probability in the
pop-up dialog. The generated change probability is named
“result_changeProbability.tif”. The users can increase the number of parallel internal
threads to accelerate the running speed.

Random Forest Regression (RFR)

Number of Regression Tree Sampling rate ‘O. 01 |mTry |14 | =

Output Raster

Development potential ‘C:/Usersf}{un Liang/Deskton/MCCA V1.0/TestData/Devel ocpmetnPotential /result changeprobability. tif |

Operating parameters

Thread |1 -

Fig. 6. Determining the training parameters and output path of the RFR.

3.1.5. Running program and examine the result

Once the setup mentioned above has completed, click the button T for running
the module. There will come out a message box as below when the model process run
is complete.
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Fig. 7. A message that shows the program run successfully.

The text box at the left of the user interface will output the training velocity and
accuracies of the RFRs for each land use components. Three accuracies indicators are
the RMSE and OOB-RMSE for each land use type.

Train data, please wait...
save accuracy record..

Type 0

mnake df-trees success = 1
EMSE = 0. 0216804

O0OE EMSE = 0.06807237
Run time: 1.203

Type 1

mnake df-trees success = 1
EMSE = 0. 0129695

O0OE EMSE = 0.0379129
Run time: 1.0%4

Type 2

mnake df-trees success = 1
EMSE = 0.0100302

O0OE EMSE = 0.0311892
Run time: 1.14

Type 3

mnake df-trees success = 1
EMSE = 0.0318778

O0OE EMSE = 0.0891605
Run time: 1.86

Type 4

mnake df-trees success = 1
EMSE = 0. 0382262

O0OE EMSE = 0.10034

Run time: 1.196

Type B

mnake df-trees success = 1
EMSE = 0. 00857385

O0OE EMSE = 0.0270809
Run time: 1.547

Type 6

mnake df-trees success = 1
EMSE = 0. 003506475

O0OE EMSE = 0.0143077
Run time: 1.515

Fig. 8. Accuracy for each land use type.



Then the program generate 7 change probability for each land use type.
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Fig. 9. Output of the ‘Mining of quantitative transition rules’ module.

3.2. Simulating dynamics of land use structures

3.2.1. Start the module

Click the “Simulating dynamics of land use structures” item to start the
simulation module. Then input the amount of land use type in your simulation, the
amount of land use types in this experiment is 7. The users can increase the number
of parallel internal threads to accelerate the running speed. The neighborhood effect
of MCCA is set to 3 in this experiment.
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Fig. 10. The UI of ‘Simulating dynamics of land use structures’ module.

3.2.2. Input land use data

Clickthe L button in the “Land Use Structure” group box and select the

start year land use data “Xianning_2010_landuse_1.tif” in the pop-up dialog. The
program will automatically load all the 7 band of land use structure data.

1 C:/Users/Xun Liang/Desktop/MCCA V1.0/TestData/MixedLanduse/Xianning_2010_landuse_1.tif
2 C:/Users/Xun Liang/Desktop/MCCA V1.0/TestData/MixedLanduse/Xianning_2010_landuse_2.tif
Land use Structure 3 C:/Users/Xun Liang/Desktop/MCCA V1.0/TestData/MixedlLanduse/Xianning_2010_landuse_3.tif

4 C:fUsers/Xun Liang/Desktop/MCCA V1.0/TestData/MixedLanduse/Xianning_2010_landuse_4.tif

5 C:/Users/Xun Liang/Desktop/MCCA V1.0/TestData/MixedLanduse/Xianning_2010_landuse_5.tif

Fig. 11. Select the land use structure data at start year.



3.2.3. Input change probability data

Input the change probability file output from the ‘Mining of quantitative transition rules’
module in the “Development Potential” group box.

1 C:/Users/Xun Liang/Desktop/MCCA V1.0/TestData/DevelopmetnPotential/result_changeprobability_band_1.tif
2 C:/UsersfXun Liang/Desktop/MCCA V1.0/TestData/DevelopmetnPotential/result_changeprobability_band_2.tif
Development potential |3 C:/Users/Xun Liang/Desktop/MCCA V1.0/TestData/DevelopmetnPotential/result_changeprobability band_3.tif

4 C:/Users/Xun Liang/Desktop/MCCA V1.0/TestData/DevelopmetnPotential/result_changeprobability_band_4.tif

5 C:/Users/Xun Liang/Desktop/MCCA V1.0/TestData/DevelopmetnPotential/result_changeprobability_band_5.tif

Fig. 12. Select the change probability data.

3.2.4. The constraint of open water (Spatial policies)

We assume that open water (a sub-category of waterbody) is not allowed to be
converted to other land use components. Therefore, a distribution map of the cover
proportion of open water was used to provide the minimum quantity of waterbody of
each cell, which means that the cover proportion of waterbody within each cell is not
less that the cover proportion of open water. Meanwhile, the mutual conversions
between other pairs of landuse components are allowed in these cells.

Then we input the land use cover proportion of open water layer in the “Conversion
constraints” group box. The second parameter is used to specific the land use type that
the open water is about to restrain. In this experiment, the open water is used to
constrain change of water body, and the code of water body is 4. Thus the parameter is
set to 4.

1 2
Conversion constrains |1 C/Users/Xun Liang/Desktop/MCCA V1.0/TestData/Constraint/OpenWater.tif 4

Fig. 12. Select the change probability data.

3.2.5. Set the path of saving simulation result

Input the save path of simulation result in the “Output path” group box.

Cutput Path lfDesktoprCCA V1. 0/TestData/Result/result structure. tif|

Fig. 13. Select the output path.



3.2.6. Setting the simulation parameters

Simulation parameters include the land use demands, transition matrix and step size.
The land use demands are parameters of our model, which need to be firstly set
according to the actual situation of study region. So users need to firstly use external
model to determine the land use demands of future scenario. For our example run, the
time span of the land use change simulation is from 2010 to 2015, so the land use
demands are set to be the same as the actual area of various land use types in 2015.
We also provide a simple tool for calculating the historical land demand and predict the
future land demand (section 3.4). We will introduce this module in the following section.

The model will stop when the allocated area equal the demanded area for all land use
types. In the tab widget, the second row “Future Amounts” in the “Land Demand” page
is for inputting the future land use demand of each land use type. The initial pixel
number will be automatically loaded after running the program. You can also input the
cover proportion of each land use type in predicted year as what figure 13 shows.

Step Size Transtion Matrix Land Demands

Type 1 Type 2 Type 3 Type 4 Type 5 Type 6 Type 7
Start Amounts 0 0 0 0 0 0 0
Future Amounts 1 0.350175 0.416448 0.0531915 0.123057 0.0305599 0.0215888 0.00497983

Fig. 13. Input the future land use demand.

Then, switch the tab widget to the “Transition Matrix” page. The columns of this
matrix indicate the current land use types, and the rows indicate the future land use
types. A value of 1 means the conversion is allowed while a value of 0 indicates that
the conversion is not possible. A Transition Matrix is a collection of a series of prior
knowledge of experimenter about study area. An example of cost matrix is provided
below:

Step Size Transtion Matrix Land Demands

Type 1 Type 2 Type 3 Type 4 Type 5 Type 6 Type 7
Type 1 1 1 1 1 1 1 0
Type 2 1 1 1 0 1 1 0
Type 3 1 1 1 0 1 1 0
Type 4 1 0 0 1 1 1 0
Type 5 0 0 0 0 1 0 0
Type 6 0 0 0 0 1 1 0
Type 7 1 1 1 1 1 1 1

Fig. 14. Transition Matrix.



And in the “Step Size” page, users need to set the Step Size of different land use types,
because the neighborhood effects may be different for different land use types in a study
region. The step size for each land use type is determined according to expert
knowledge and a series of model tests, ranging from 0-1. At this example, we set the
parameter as below:

Step Size Transtion Matrix Land Demands

Type 1 Type 2 Type 3 Type 4 Type 5 Type 6 Type 7
Step Size 1 1 1 1 1 1 1

Fig. 15. Step Size, the value of 1 for each land use type is recommended.

3.2.7. Running the multiple CA allocation model

Run

Finally, click button to start the simulation. The information of each
iteration is showed on the left of the interface of ‘Simulating dynamics of land use
structures’ module. Also, the MCCA is able to show the process of land use change
dynamically, including the spatial change, change in value and change curve of each
land use type on the main interface.

The visualization panel allowed the users to zoom in and observe the land use
dynamics of local regions. The users can choose any land use type to show on the
visualization panel by activating the corresponding radio buttons on the right. The
horizontal axis of the dynamic chart is the number of iteration, and the vertical axis
represents the product of the cover proportion and amount of cell.

The model will stop and save the simulation result in 2015 when the allocated area
equal the demanded area for all land use types. The MCCA software will save all the
parameters to two configuration files: “SCAparameters.tmp” in the ‘Parameterfile’
folder. The module will loads the parameters that are recorded in the configuration files

Parameters

when click the buttom, which is convenient for the user to use to repeat their
experiments.
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Fig. 17. The dynamic information of each iteration is show on left.
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Fig. 17. The dynamic display of the simulation process on the main interface.



3.3. Accuracy validation of simulation

MCCA provides a sub-pixel confusion matrix (SCM) statistic tool for calculate the
kappa coefficient for land use structure data for the conventional confusion matrix is
not available for evaluating the simulation result of mixed-cell land use data. And a
Relative Entropy (RE) statistic tool for measuring the similarity between simulation
land use structure and actual land use structure.

1 | Mixed-Cell Cellular Automata(MCCA) V1.0
Data processing Mixed-Cell Cellular Automata Validation Demand Prediction Analysis About

Sub-pixel Confusion Matrix and Relative Entropy L
[ RN L R Y B = T Ty

Fig. 18. Activate the validation module.

3.3.1. Load data
Input the amount of land use type in your simulation, the amount of land use types in
this experiment is 7. Click the [ | button in the “Ground Truth” row, select

the start year land use data “Xianning 2015 landuse 1.tif” in the pop-up dialog. The
program will automatically load all the 7 band of the land use structure data. Then click

the == | putton inthe “Simulation Result” row to input the simulated land use

structure data ‘result_structureSimulation_1 Type 1.tif".

Yy

fmount of land use types T |+

Data Preparation

1 C:/Users/Xun Liang/Desktop/MCCA V1.0/TestData/MixedLanduse/Xianning_2015_landuse_1.tif
2 CifUsersfXun Liang/Desktop/MCCA V1.0/TestData/MixedLanduse/Xianning_2015_landuse_2.tif
Ground Turth | 3 C:/Users/Xun Liang/Desktop/MCCA V1.0/TestData/MixedLanduse/Xianning_2015_landuse_3.tif
4 C:fUsers/Xun Liang/Desktop/MCCA V1.0/TestData/MixedLanduse/Xianning_2015_landuse_4.tif

5 CifUsers/Xun Liang/Desktop/MCCA V1.0/TestData/MixedLanduse/Xianning_2015_landuse_5.tif

1 C:/Users/Xun Liang/Desktop/MCCA V1.0/TestData/Result/result_structureSimulation_1_Type.tif
2 C:fUsers/Xun Liang/Desktop/MCCA V1.0/TestData/Result/result_structureSimulation_1_Type2.tif
Sinulation result |3 Ci/Users/Xun Liang/Desktop/MCCA V1.0/TestData/Result/result structureSimulation 1 Type3.tif

4 C:fUsers/Xun Liang/Desktop/MCCA V1.0/TestData/Result/result_structureSimulation_1_Type4.tif

5 C:/Users/Xun Liang/Desktop/MCCA V1.0/TestData/Result/result_structureSimulation_1_Type5.tif

Fig. 19. Input the actual and simulation land use structure data.



3.3.2. SCM statistic tool

Caculate

Set the sampling rate to 5%. Click the button to start calculating Kappa
coefficient. A message box will pop up when the program completes the calculation.
The results include Kappa coefficient, overall accuracy and sub-pixel confusion matrix,

which will be saved in a file named “SCM.csv” in the folder ‘Parameterfile’.

Sub-pixel Cenfusion Matrix (SCH)

Sanpling rate |0. 05 Caculate

Eelative Entropy (RE)

Relative Entropy Nap ‘ . Caculate

——-=== Please wait ==—=—— ~
Sampling Number: 9814

Category, Typel, Typel, TypeZ, Types, Typed, Typel, Typed

Typed, 0. 344011, 0. 00330718, 0. 000218358, 0. 0020721, 0. 00462314, 0. 000BTE284, 4. T7102e-05

Typel, 0. 00339067, 0, 407508, 0, 000930707, 0. 000407025, 0, 0016063, 0. 000232378, 3. 54136e-03

TypeZ, 0. 00018568, 0. 000574959, 0. 0435951, 3. 53749e-05, 0. 000151972, 3. 51227e-05, 1. 39285e-06

Type3, 0. 00133434, 0. 000329243, 7. 06312e-05, 0. 121825, 0. 000269306, 6. 44634205, 0. 000126141

Typed, 0. 00589588, 0. 00190028, 0. 000210416, 5. 39166e-05, 0. 0217384, 0. 000458286, 2. 17936e—-05

Types, 0. 00146021, 0. 000208519, 3. 41812e-08, 6. 74701e-05, 0. 000136378, 0. 0184532, 5. 2588Te—06

Typesd, 5. T4015-05, 1, 01895206, 1. 11023e-15, 8. 02142205, 9. 17057e-05, 8. 15162e-06, 0, 00570652

Overall hccuracy: 0. 9ATE39

Kappa: 0.952884 v

Fig. 20. Sub-pixel confusion matrix, Kappa coefficient and overall accuracy.

3.3.3. Relative Entropy statistic tool

We computed the Relative Entropy (RE) as an indicator to evaluate the similarity
of landuse structure, which can represent the information decay of the simulation
process. When the actual and simulated landuse structures of mixed cell i are identical,
RE is 0. A larger RE value indicates a greater difference between the actual and
simulated landuse structure. After the REs for all cells are calculated, the mean RE of
the whole region is calculated as the measurement of similarity of landuse structure at

the regional level.

Click the [ button in the “Relative Entropy Map” row, and choose a

Caculate

path for the calculation of relative entropy map. Click the button to start

calculating RE. A message box will pop up when the program completes the calculation.
The similarity between simulation structure and actual structure of on cell are showed
in image “RE.tif”.



Relative Entropy (RE)

Relative Entropy Nap ‘C:J"UsersﬂXu.n Liang/Desktop/MCCA V1. 0/TestData/RelativeEntropy/RE. tif e Caculate

———=== Flease wait ===—- ~
Sum of similarity: 58614

Average of similarity: 0. 299528

Save Relative Entropy Map at: C:/Users/¥un Liang/Desktop/MCC4 V1.0/TestData/RelativeEntropy/RE. tif

~—== Finish! == v

Fig. 21. Output the mean Relative Entropy of the region and Relative Entropy on each
cell.

3.4. Projecting future landuse demands

3.4.1. Starting the land use demand projection module

Future land use demands can be determined by many method, such as using expert
experience, linear regression, Markov chains, the system dynamics model, or an
integrated assessment model. This software provide linear regression method. This
experiment projects the future landuse demands based on the historical data of 2000,
2005, 2010 and 2015. Click the “Linear regression” item to start the simulation module.

# | Mixed-Cell Cellular Automata(MCCA) V1.0

Data processing Mixed-Cell Cellular Automata Validation Demand Prediction Analysis About

Linear regression t
r T TR T T e T Tl = T

Fig. 22. Activating the land use demand projection module.

Then input the amount of land use type in the simulation, the amount of land use
types in this experiment is 7. Set the predict year amount as 20. Then the module will
predict the future land use demand from 2015 to 2035 (2015+20).

3.4.2. Input historical land use structure data

Click the L= | button, select the historical land use structure data in 2000,

2005, 2010 and 2015. The users only need to select the first band of the four land use
structure data in this step. The MCCA software would automatically load the other
bands of these land use structure data.
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Xianning_2000_  Xianning_2000_  Xianning_2000_  Xianning_2000_  Xianning_2000_  Xianning_2000_  Xianning_2000_  Xianning_2005_  Xianning_2005_  Xianning_2005_
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Xianning_2015_  Xianning_2015_  Xianning_2015_  Xianning_2015_
landuse_4.tif landuse_5.tif landuse_6.tif landuse_7.tif

Fig. 23. Select the historical land use structure data.

What’s more, the program can automatically read the year on the filename. The
uses can also manually input the year to the ‘Year’ column on the chart of data.

7 Demand Projection - o X
Ancunt of land use types 7 & Pradict Tear aaount |20
Data List Year -
~ CifUsers/Xun Liang/Desktop/MCCA V1.0/TestData/MixedLanduse/Xianning_2000_landuse. 2000
c 4
2005
2010
Fun

Fig. 24. Inputting the historical land use structure data to the Demand projection module.

3.4.3. Running linear regression and predicting future demands

Click the Click the fun button to start calculating future land use demand. A

message box will pop up when the program completes the calculation. The results will
be showed on the interface and saved in a file named “PredictDemand.csv” in the folder
‘Parameterfile’. Noted that this module also can be used to obtain historical land use
cover proportions for model validation (section 3.2.6)



Category, Typel, Typel, Types, Typed, Typeb, Typed, TypeT ~
2000, 0. 378322, 0. 421419, 0. 0544087, 0. 110575, 0. 00804247, 0. 0208132, 0. 0052202

2008, 0. 370179, 0. 421537, 0. 0540272, 0. 116839, 0. 0107927, 0. 0211605, 0. 00546496

2010, 0. 356887, 0. 418444, 0. 05342387, 0. 122832, 0. 0219893, 0. 0212842, 0. 00503446

20185, 0. 350175, 0. 416448, 0. 0531915, 0. 1230587, 0. 0305599, 0. 0215888, 0. 00497383

2016, 0, 347527, 0. 416794, 0, 0527574, 0, 125558, 0, 0308644, 0, 0214971, 0. 00500208

2017, 0. 345568, 0. 416432, 0. 0524603, 0. 12643, 0. 0323838, 0. 0215462, 0. 00497638

2018, 0. 34361, 0. 416807, 0. 0525631, 0. 127302, 0. 0333032, 0. 0215954, 0. 00495588

2019, 0. 341651, 0. 415709, 0. 052466, 0. 128174, 0. 0354227, 0. 0216445, 0. 00493278

2020, 0. 339693, 0. 415347, 0. 0523689, 0. 129044, 0. 0369422, 0. 0218936, 0. 004909468

2021, 0, 337735, 0. 414935, 0, 0522717, 0, 129918, 0, 0334616, 0, 0217427, 0. 00438657

2022, 0. 335774, 0. 414623, 0. 0521748, 0. 13079, 0. 0399811, 0. 02179159, 0. 00486347

2023, 0. 333818, 0. 414261, 0. 0520775, 0. 131662, 0. 0415006, 0. 021841, 0. 00484037 Run
2024, 0. 331859, 0. 413899, 0. 0519803, 0. 132534, 0. 0430Z, 0. 0218901, 0. 00481727

2025, 0. 329901, 0. 413538, 0. 0518832, 0. 133404, 0. 0445395, 0. 0219392, 0. 00479416

2026, 0, 327942, 0. 413176, 0, 051786, 0, 134278, 0. 046059, 0. 0219384, 0, 00477108

2027, 0. 325884, 0. 412814, (. 0514838, 0. 135149, 0. 0475785, 0. 0220375, 0. 00474798

2028, 0. 324025, 0. 412452, 0. 0515918, 0. 1536021, 0. 049088, 0. 0220866, 0. 00472486

2029, 0. 322067, 0. 41209, 0. 0514946, 0. 136833, 0. 0506175, 0. 0221358, 0. 00470175

2030, 0. 320108, 0. 411729, 0. 0513875, 0. 137765, 0. 0521368, 0. 0221849, 0. 0046783465

2031, 0. 31815, 0. 411367, 0, 0513004, 0, 138637, 0. 0536563, 0. 022234, 0, 00465555

2032, 0. 316191, 0. 411005, 0. 0512032, 0. 139509, 0. 0551758, 0. 0222831, 0. 00463244

2033, 0. 3142583, 0. 410643, 0. 0511061, 0. 140381, 0. 0566853, 0. 0225525, 0. 00460934

2034, 0. 312274, 0. 410281, 0. 0510038, 0. 141253, 0. 0532148, 0. 0223814, 0. 00458624

2035, 0. 310316, 0. 40992, 0. 0509118, 0. 142125, 0. 0587343, 0. 0224305, 0. 00456313 v

Fig. 24. Running the linear regression and predicting future land use demands.

3.5. Simulating future land use structure from 2015 to 2035

3.5.1. Obtain change probability form 2010 to 2015

Repeat the same procedures in section 3.1 using historical land use structure data:
‘Xianning 2010 landuse’ and ‘Xianning 2015 landuse’ in the ‘MixedLanduse’ folder.
Then obtain the change probability form 2010 to 2015.

A anount of Tsnd use tpes 72
Input Raster
Land  use  Structure -
TI—>T2 7 T1 CyUsers/Xun Liang/Desktop/MCCA V1.0/TestData/MixedL anduse/Xianning_2010 landuse 7.tif

8 T2 C/Users/Xun Liang/Desktop/MCCA V1.0/TestData/MixedLanduse/Xianning_2015 landuse_1.tif

9 T2 CyUsersiun Liang/Deskiop/MCCA V1.0 TestData/MisedLanduse/Xianning_2015 lenduse_2.tif

10 T2 C/Users/Xun Liang/Desktop/MCCA V1.0/TestData/MixedLanduse/Xianning_2015 landuse_3.tf

pmtial s 11 T2 C:fUsers/Xun Liang/Desktop/MCCA V1.0/TestData/MixedLanduse/Xianning_2015 landuse_4.tif
ngeprobabili ty2

12 T2 €:/Users/Xun Liang/Desktop/MCCA V1.0/TestData/MixedLanduse/Xianning_2015_landuse_S.tif Ti—» -T2

13 T2 C:fUsers/Xun Liang/Desktop/MCCA V1.0/TestData/MixedLanduse/Xianning_2015_landuse_6.tif

14 T2 C:fUsers/Xun Liang/Desktop/MCCA V1,0/TestData/MixedLanduse/Xianning_2015_landuse _7.tif
Folder of Drivine Factors C:/Users/Tun Lisne/Desktop/NCCh Vi, 0/TestDsta/DrivingFactor/

1 CfUsersfXun Liang/Desktop/MCCA V1.0/TestData/DrivingFactor/DENL.tif

2 CUsers/Xun Liang/Desktop/MCCA V1.0/TestData/DrivingFactor/annualPrecipitation tif

3 CyUsersfun Liang/Desktop/MCCA V1.0/TestData/DrivingFactor/annualTemperature. i

4 CUserspun Lisng/Desktop/MCCA V1.0/TestData/DrivingFactor/dst_arterialroad.tif
File list in the folder

5 Cy/Users/Xun Liang/Desktop/MCCA V1.0/TestData/DrivingFactor/dst_highspeedrailwaystation.if

6 Cy/Users/Xun Liang/Desktop/MCCA V1.0/TestData/DrivingFactor/dst_highwaytif

7 CUsers/Xun Liang/Desktop/MCCA V1.0/TestData/DrivingFactor/dst_primaryroad tif

8 CyUsers/Xun Liang/Desktop/MCCA V1 0/TestData/DrivingFactor/dst_secondaryroad tif

Randea Forest Regression (RFR)

Nusber of Regzession Trow 20 Sampling zate [0.01 aTry 14
Output Rastsr
Loprent potent C:/Users/Xun Liang/Desktop/UCCA V1. 0/TestData/Devel opmetrPotential/resul t_changeprobablli ty2015, tif

=== Finish! ==

Start

Fig.25. Running the ‘Mining of quantitative transition rules’ module for future
simulation.



3.5.2. Simulating land use structure change from 2015 to 2035

Repeat the same procedures in section 3.2 using historical land use structure data:
‘Xianning 2015 landuse’ in the ‘MixedLanduse’ folder. And the change probability
exported by ‘Mining of quantitative transition rules’ module in section 3.5.2. Import
the predicted land use demands in 2035, which have been obtain at section 3.4.3. Other
simulation parameters that have been well calibrated keep the same as validation
process (section 3.2).

#1 Simulating dynamics of land-use structures a

Neighborhood Size |3 3

Desktop/MCCA V1.0/T
4 Ci/Users/Xun Liang/Desktop/MCCA V1.0/TestData/MixedLanduse/Xianning_2015_landuse_4.tif

5 C:/Users/Xun Li CAV1.0/Te 8 2015 landuse_S.tif

in Liang/Desktop/MCCA V1.0/TestData/D

1 C:/Users/Xun Liang/Desktop/MCCA V1.0/TestData/Constraint/OpenWater tif 4

5p/UCCA V1. 0/TestData/Resul t/result_luccSinulation2035. tif

Type 3 Typed Type S Type 6 Type 7

0.310316 0.40992 0.0509118 0.142125 0.0597343 0.0224305 0.00456313

Fig. 26. Parameter setting for simulation from 2015 to 2035.

The MCCA software will save all the parameters to two configuration files:
“SCAparameters.tmp” in the ‘Parameterfile’ folder. The module will loads the

Parameters

parameters that are recorded in the configuration files when click the buttom,

which is convenient for the users to repeat their experiments. Finally, click the
button to generate simulation result of land use structure in 2035.



1 Mixed-Cell Cellular Automata(MCCA) V1.0 - 8 X
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Fig. 27. Dynamic display of the simulation from 2015 to 2035.

3.6. Calculation of landuse mix

The mixture of land use components in land units is closely related to the
socioeconomic activities, environmental functions and landscape amenities, and is very
important for regional sustainable development. Different from pure-cell CA models,
mixed cell CA models have the advantage of simulating the changes of landuse
structure within individual cells. The cell-level mixture can be directly measured by
their entropy according to the cover proportions of landuse components. A higher
entropy means a higher degree of mixture or diversity of land use in an individual cell.

1] Mixed-Cell Cellular Automata(MCCA) V1.0
Data processing Mixed-Cell Cellular Automata Validation Demand Prediction = Analysis | About

Mixture of land use L

Fig. 28. Activating the ‘mixture of land use” module.

3.6.1. Setting the input and output paths
Input the amount of land use type in your simulation, the amount of land use types in
this experiment is 7. Click the [~ button in the “Land use structure” row,

select the simulation result in 2035 “result_luccSimulation2035Simulation
_1 Typel.tif” in the pop-up dialog. The program will automatically load all the 7 band

of the simulated land use structure data. Then click the L ] button in the

“Output” row to set the output path of the mixture image of land use.



| Mixture of land use

4nount of land use types |7 %

Land use Structure

1 C:/Users/Xun Liang/Desktop/MCCA V1.0/TestData/Result/result_structureSimulation_1_Type1.tif
2 C:/Users/Xun Liang/Desktop/MCCA V1.0/TestData/Result/result_structureSimulation_1_Type2.tif
3 C/Users/Xun Liang/Desktop/MCCA V1.0/TestData/Result/result_structureSimulation_1_Type3.tif
4 C:/Users/Xun Liang/Desktop/MCCA V1.0/TestData/Result/result_structureSimulation_1_Type4.tif
5 C:/Users/Xun Liang/Desktop/MCCA V1.0/TestData/Result/result_structureSimulation_1_Type5.tif
6 C:/Users/Xun Liang/Desktop/MCCA V1.0/TestData/Result/result_structureSimulation_1_Type6.tif

7 Ci/Users/Xun Liang/Desktop/MCCA V1.0/TestData/Result/result_structureSimulation_1_Type7.tif

Output

‘C:fUEErE/Xun Liang/Desktop/NCCA V1.0/TestData/nixture/mixture2035} tif

Fig. 29. Setting the input and output paths for ‘mixture of land use’ module.

3.6.2. Calculating the land use mixture of each cell

Click the ™ button to generate the predicted land use mixture of each cell
in 2035.

Output

|C:sterstun Liang/Desktop/MCCA V1. 0/TestData/mixture/mixture2035. tif

———=== Please walt ===——
Finish entropy index
Save at:C:/Users/fun Liang/Desktop/NCCA V1. 0/TestData/mixture/mixture. tif

= Finish!

Run

Fig. 30. Generating the image of land use mixture in 2035.



4. Preparing for historical land use structure data

In practical application, the mixed-cell landuse data can be obtained using at least
four approaches: (1) remote sensing inversion method; (2) decomposition of mixed
pixels; (3) extracting the land use mix structure from multi-source big data (e.g., social
network data, taxi trajectories, points of interest) ; and (4) aggregating fine-resolution
landuse data into coarse-resolution data. We used the fourth approach——the most
convenient method to obtain the mixed-cell landuse data to illustrate the MCCA model.

To aggregate fine-resolution landuse data into coarse-resolution data and calculate
the cover proportion of each land use type for each cell. The users first need to generate
a fishnet for study region, just like the ‘demogrid’ in ‘demo_grid’ folder provided in
our test data, and calculate the cover proportions with zonal statistics tool in ArcMap
or QGIS.

However, the grids with area of each land use types should be converted to the
raster format so that they can be as the input of MCCA software. The MCCA model
provide two data processing tools to help users prepare the land use structure data of
raster format.

B | Mixed-Cell Cellular Automata(MCCA) V1.0
Data processing Mixed-Cell Cellular Automata Validation Demand Prediction Analysis About
Adjust the FID t

Shapefile to Raster
s

Fig. 31. Data processing tools for preparing the historial land use structure data.

We assume that the users have successfully obtained the area of each land use in
each cell, by aggregating fine-resolution landuse data into coarse-resolution grid using
zonal statistics tools in ArcMap or QGIS. However, the grid generated by ArcMap or
QGIS with area information of multiple land use can’t be directly converted to the raster
format. Because the FID (serial number ) of ArcMap grid starts from the bottom left
corner and increase from the bottom row to the top row, while the FID (serial number )
of QGIS grid starts from the up left corner but increase from the left column to the right
column. These two arrangement is inconsistent with the raster format data that start
from the up left corner and increase from the top row to the bottom row.

So, the users can firstly applied the ‘Adjust the FID’ module to modify to fishnet
grid.


file:///C:/Users/Xun%20Liang/AppData/Local/youdao/dict/Application/7.5.2.0/resultui/dict/
file:///C:/Users/Xun%20Liang/AppData/Local/youdao/dict/Application/7.5.2.0/resultui/dict/

4.1. Adjusting the FID for grid shapefile

Click the “Ajusting the FID” item to start the simulation module. Select the fishnet
grid generated by the ArcMap or QGIS grid, and set the output path of adjusting
fishnet grid.

| FID ajusting — O x

@ ircGIS grid (FID start from bottom left coner )

FID

=

41l 33 3
12127111 1

EY Y
22 .

Ha

FID

() 0GIS  zrid (FID start from the top to the bottem )

]
=

FID | 8] £177 FID

=mrik)]
Ha
N

Input Shapfile|OfTestDatafdemo_gridfdemogrid.5hp|

Output Shapfile#stDatafdemo_grid/demogrid_new.5hp|

Convert

Fig. 32. The interface of ‘FID adjusting’ module.

Then click the ~ “™** | putton to obtain the new fishnet grid. If the original grid

is generated by QGIS, just choose the ‘QGIS’ radio button. There will come out a
message box when the model process run is complete.

Input Shapfile|O/TestData/demo_grid/demogrid.shp|

Output ShapfileLstData/demo_grid/demogrid_new.shp|

Convert

demo_grid/demogrid. shp A
Output path: C:/Users/¥un Liang/Desktop/MCC4 V1.0/
TestData/deme_grid/demogrid_new. shp

Original zrid: ArcGIS gzrid

——-=== Flease walt ===——

---=== Finish! ===—-

Fig. 33. Output information of ‘FID adjusting’ module.



4.2. Shapefile land use structure data to raster format

Click the “Shapefile to Raster” item to start the simulation module. Select the fishnet
grid exported by the last step. We provide the four land use structure data in shapefile
format: ‘Xianning_2000.shp’, ‘Xianning_2005.shp’, ‘Xianning_2010.shp’,
‘Xianning_2015.shp’, which have been already converted.

Select the four shapefile grid with land use area of each land use type on each cell,
and choose an output folder.

Input

i | Convert Shapefile to Raster - O X

Shapfile . . .
1 C:/Users/Xun Liang/Desktop/MCCA V1.0/TestData/Xianning_2000.shp

2 C:/Users/Xun Liang/Desktop/MCCA V1.0/TestData/Xianning_2005.shp
3 C:/Users/Xun Liang/Desktop/MCCA V1.0/TestData/Xianning_2010.shp

4 C:fUsers/Xun Liang/Desktop/MCCA V1.0/TestData/Xianning_2015.shp

Output Raster|C:/Users/Xun Liang/Desktop/MCC4 V1.0 /TestData/MixedLanduse/
Output Info Convert
Fig. 34. The interface of ‘Convert Shapefile to Raster’ module.
. Convert
Then click the button to generate land use structure data of 7 layers.

There will come out a message box when the model process run is complete. Note that
the program only identify the Fields in the shapefile with the format of
‘VALUE_X(1~7)’.

Output

Output
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" Finish! X

Raster |C:XUsers/Xun Liang/Desktop/MCCA V1. 0/TestData/MixedlLanduse/ o Finish!

MixedLanduse/Yiamning 2005 tif
Input path: C:/Users/¥un Liang/Desktop/MOC4 V1. 0/TestData/

Hlanning_ 2010, shp

Cutput path: C:/Users/¥un Liang/Desktop/MCC4 V1. 0/TestData/

MixedLanduse/¥iamning 2010, tif

Input path: C:/Users/¥un Liang/Desktop/MCC4 V1.0/TestData/
Hilanning_ 2015, shp

Cutput path: C:/Users/¥un Liang/Desktop/MCOC4 V1. 0/TestData/
MixedLanduse/Yiamning 2015, tif

Info

Fig. 35. Output information of ‘Convert Shapefile to Raster’ module

Convert



5. Some notes in using MCCA model

1) The input land use structure data must be in ‘double’ format.

2) In the step of mining of quantitative transition rules, the coordinate or projection
system must be supported by GDAL. We recommend the World Geodetic System
(WGS 84). This step do not require the input image data have the same number of
rows and columns. An integral alignment mechanism is available.

3) In the step of simulating dynamics of land use structures, the input image data need
to have the same number of rows and columns, including the land use pattern,
restricted area, and change probability data.

4) We strongly recommend the users do not include non-English character or sign in
the file paths of PLUS model, including the spaces. The file names and folder names
must begin with a letter, not a number.



