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1. Plug-in overview

1.1. Introduction

Open source software platforms are progressively becoming widely used in the public and private
sectors. In Geographical Information System (GIS), open source software packages such as QGIS
are actively being developed. More importantly, customization and further development is possible
since developers create specific plug-ins with flexibility.

Asia Air Survey Co., Ltd. (AAS) started to move towards open source software since 2012
becoming the first QGIS gold sponsor worldwide. Furthermore, open source software started to be
used more extensively for internal use and in international project. Alongside with these recent
changes AAS also started to develop open source solutions aiming to further extend its market.

1.2. Whatis MOLUSCE?

AAS released MOLUSCE (Modules for Land Use Change Evaluation) at FOSS4G 2013.
MOLUSCE is a user-friendly plug-in for QGIS 2.0 and above. MOLUSE is designed to analyse,
model and simulate land use/cover changes. The plug-in incorporates well-known algorithms,
which can be used in land use/cover change analysis, urban analysis as well as forestry applications
and projects.

MOLUSCE is well suited to:
¢ analyse land use and forest cover changes between different time periods;
¢ model land use/cover transition potential or areas at risk of deforestation; and
¢ simulate future land use and forest cover changes

1.3. Functions

MOLUSCE user interface offers an easy-to-use interface with specific modules and functions.
Following is a brief description of basic modules in MOLUSCE.

Input module

Land use/cover maps from different epochs, biophysical and socio-economic driving factor data
such as road network, rivers, topography, population efc., are loaded in the input module.

Area change analysis

Computes land use/cover changes between two time periods (T1 and T2). Land use/cover change
transition matrices as well as land use change maps are produced.

Modelling methods

Four methods, namely Artificial Neural Networks (ANN), Logistic Regression (LR), Multi-Criteria
Evaluation (MCE) and Weights of Evidence (WoE) are used for modelling land use/cover change
transition potential.

Simulation

Displays transition potential maps, certainty function (experimental) and simulation results. A
simulated (projected) land use/cover map is produced based on a Monte Carlo Cellular-automata
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modelling approach.
Validation

This sub-module incorporates kappa statistics (standard kappa, kappa histogram and kappa
location), which will be used to validate the accuracy of the simulated land use/cover maps.

2. How to use MOLUSCE

2.1. Inputs
Data can be loaded using the inputs tab.

@ All raster files are loaded in the inputs tab

Load the initial and final land use/cover maps as shown in steps @ and . The base map determines
the geometry of all the output files, pixel size, scaling and projection.

Steps @ and ® show the corresponding years. (the user can type here If the corresponding years do
not appear automatically).

Steps ® and @ show the add/remove buttons used to add or remove spatial variables.

The selected spatial variables are shown in step ©

The check geometry button is a mandatory step to check if the geometry of the selected raster is
matched (step ©).

Note: It is important when layers are added to QGIS that the No Data Value (NDV) is set. If this is
not done, MOLUSCE will process NDV areas as land use/cover classes, increasing processing time
and confusing the model calibration. MOLUSCE picks up the NDV of the input (base) layer and
propagates it to any output maps generated, along with the geometry of the base layer.

‘ Inputs | Evaluating correlation = Area Changes = Transition Potential Modelling  Cellular Automata Simulation | validation Messages

dist_main_roads1 (@) nitial== | |Pak_luceo3 1993 @
disk_rivers1 ) )

LPB_dem_res1 1) © Final == Pak_luccoo 2000 @
Pak_luccoo

Pak_lucco? -

Geometry is matched

Pak_lucco3

@ Geometries of the rasters are matched!

Spatial variables 9

dist_main_roadsi
dist_rivers1
LPB_dem_res1

0 Add->

=< Remove
<< Remove all

©) check geometry



2.2. Evaluating correlation

The evaluating correlation module contains three techniques for performing correlation analysis:
1. Pearson's correlation
2. Cramer's coefficient
3. Joint information uncertainty

The user can choose between a two-way raster comparison by selecting first raster and second raster

or check all rasters loaded into MOLUSCE.
The user can run correlation by pressing the check button located at the bottom of the window.

Note: The Cramer's coefficient and joint information uncertainty work only with categorical data.
The data should be converted to categorical data (eg. using GRASS).

B MOLUSCE

Inputs = Evaluating correlation | Area Changes @ Transition Potential Modelling = Cellular Automata Simulation = Validation Messages

First Raster

Second Raster

Check all rasters

Method

Cramer's Coefficient
Joint Information Uncertainty

LED_USIm_resTivanu ) - V. IrsurursusLou V. IUS£000T rous TWUSELZOTUOUDDDELTL SO UUS330UIILEUTU |
LPB_dem_res1 (band 2) - 0.998002717565 0.127453185309 |-0.0270502073541
LPB_dem_res1 (band 3) - 0.13348738026 -0.0287952616254
dist_rivers1 - 0.0282065984942
dist_main_roads1
Result
Check
0 0%



2.3. Area Changes

The update tables button produces class statistics and transition matrix tables.

The class statistics table shows the initial and final land use/cover change (LUC) areas.

The transition matrix shows the proportions of pixels changing from one land use/cover to another.

The create change map button will generate a map of change classes. This will be added
automatically to QGIS and saved as a GeoTiff.

Note: Data from tables can be copied and pasted directly into spreadsheet programs, simply by
selecting the desired rows/columns and by pressing the “Ctrl + C” keyboard combination.

o MOLUSCE

Inputs = Evaluating correlation =~ Area Changes | Transition Potential Modelling = Cellular Automata Simulation = validation Messages

Class statistics sg. km. =
Class color 1993 2000 A 1993 % 2000 % 0%

Current Forest - 997.07 sq. km. | 819.95 sq. km. -177.12 sq. km. 60.9670932721 50.1366986291 -10.830394643

Unstocked Forest 553.13 sq. km. 757.53 5q. km. | 204.40 sg. km. |33.8220144227 46.3200332831 12.4980188604

Non-forest - 85.22 sq. km. |57.95sq.km. |-27.27 sq.km. | 5.21089230525 3.5432680878 -1.66762421745

Transition matrix

Current Forest = Unstocked Forest Non-forest

Current Forest 0.810983 0.164353 0.024664
Unstocked Forest  0.009694 0.956156 0.034149
Non-forest 0.070145 0.760099 0.169756
Update tables Create changes map
I 0%



2.4. Transition potential modelling

MOLUSCE uses Atrtificial Neural Network (ANN), Multi Criteria Evaluation (MCE), Weights of
Evidence (WoE) and Logistic Regression (LR) methods to model land use/cover transition
potential. The user can select a method from the drop down menu.

2.4.1.  Artificial Neural Network (ANN)

The define samples function specify number of samples and sampling mode. In addition, the
sampling points created can be saved and displayed.

Five inputs are used to customize the ANN modelling:

¢ The neighbourhood defines count of neighbour pixels around current pixel. Size=1 means 9
pixels (3x3 region), size=2 means 25 pixels (5x5), etc.

e Learning rate, momentum and max iterations number define parameters of learning. Big
learning rate and momentum allow fast learning, but the learning process can be unstable
(spikes on the graph). Small learning rate and momentum means stable but slow learning.

e Hidden layers input string takes a list of numbers: N' N* ... N* where N' is number of
neurons in 1* hidden layer, N? is number of neurons in 2™ hidden layer and so on, N* is the
number of neurons of the last hidden layer (k™ layer). For example if the user types in the
input string “2” then a network with 1 hidden layer and 2 neurons will be created. In order to
create a network with 2 hidden layers the user should insert 2 numbers, such as “10 2”
which will create a network with 10 neurons in the first hidden layer and 2 neurons in the
second.

The following outputs are proposed (for the current learning iteration):
e The graph area. Contains errors of training and validation sets. It is the main information
about learning process. The graph can be edited and saved as image.
¢ The min validation overall error contains information about min reached error on validation
set of samples.
e The delta overall accuracy contains difference between min reached error and current error.
e The current validation kappa shows the kappa value.

The process can be started by pressing on the train neural network button and stopped at any time
using the stop button.

Learning algorithm analyses the reached accuracy on training and validation sets of samples and
stores the best neural net in memory. The training process finishes when the best accuracy is
reached.



oo MOLUSCE

Inputs = Evaluating correlation = Area Changes  Transition Potential Modelling | Cellular Automata Simulation = Vvalidation Messages

w Define Samples
Mode Random = | Number of samples 2000 - Save Samples... & Add to canvas

Method | Artificial Neural Network (Multi-layer Perceptron) =

Neighbourhood 1px ' Neural Network leaming curve
Learning rate 0.001 : o018 ‘ [
Hidden Layers 12
Momentum 0.001
£ Overall Accuracy -0.00353
Min Validation Overall Error 0.08819
Current Validation Kappa 0.81642
Train neural network

1 0%

2.4.2.  Multi Criteria Evaluation (MCE)

The user can set the values inside the pairwise comparison matrix.

The user can also select which classes to use to train the model by changing the from class and to
class values located at the bottom of the window.

The model can be started by pressing the train model button.

The weights of the spatial variable will then appear in the weights matrix.

o MOLUSCE

Inputs = Evaluating correlation = Area Changes | Transition Potential Modelling | Cellular Automata Simulation = validation Messages

Method | Multi Criteria Evaluation =

Pairwise Comparison Matrix
LPB_dem_res1 (band 1) LPB_dem_res1(band 2) LPB_dem_res1 (band 3) dist_rivers1 dist_main_roads1

LPB_dem_res1 (band 1) 1 1 1 3 6
LPB_dem_res1 (band 2) 1.0 1 1 3 6
LPB_dem_res1 (band 3) 1.0 1.0 1 3 6
dist_rivers1 0.333333333333 0.333333333333 0.333333333333 1 1
Alrk mmmin eosded NACEEEEEEEEET NACECEELEELEEET N ACEEELLEELELET E.Y 4 i
Weights Matrix

LPB_dem_res1 (band 1) LPB_dem_res1 (band 2) LPB_dem_res1 (band 3) dist_rivers1 dist_main_roads1
Weights 0.286498666522 0.286498666522 0.286498666522 0.0844109410934 0.0560930593392
From class 1
To class 3

L Train model J
I 0%



2.4.3. Weights of Evidence (WoE)
The WoE method proposes two ways of defining the range breaks. The user can define a number of

intervals or specify the range breaks values.

When the calculate range breaks button is pressed the weights information for each transition are
produced.

Once the user is satisfied with the weights the train model button can then be pressed.

S MOLUSCE

Inputs | Evaluating correlation | Area Changes | Transition Potential Modelling | cellular Automata Simulation | Validation Messages
Method | Weights of Evidence =

Enter either Number of intervals (min 2) or Range breaks:

Factor Range min Range max  Number of intervals Range breaks
1 LPB_dem res1 (band 1) 39.000000 | 251.000000 2 145
2 LPB_dem_res1 (band 2) 22.000000 | 223.000000 2 122
3 LPB_dem_res1 (band 3) 11.000000 | 213.000000 2 112
4 dist rivers1 90.000000 15783.000000 2 7936 =

Calculate Range breaks
Weights Information:

Transition 1->1 3
factor: LPB_dem_res1.tif | ‘
Weights of band 1:-0.295450, 0.132432 -
Weights of band 2:-0.152663, 0.319461
Weights of band 3:-0.171181, 0.256561
factor: dist_rivers1.tif
Weights of band 1:-0.177492, 0.666541
Factor: dist_main_roads1.tif
Weiaghts of band 1: 0.055175. -0.066406 2

Train model



2.4.4. Logistic Regression (LR)

The LR method offers the possibility to define samples. (number of samples and sampling mode) as
well as save and display the sampling points created.

Two inputs are used to customize the LR modelling:
e The maximum iteration defines the total number of iterations.
¢ The neighbourhood defines count of neighbour pixels around current pixel. Size=1 means 9
pixels (3x3 region), size=2 means 25 pixels (5x5), etc.

The following outputs are proposed (for the current learning iteration):
® The pseudo R-squared shows the goodness-of-fit
e The coefficients tab
e The standard deviations tab
e The p-values tab

The user can run the model by pressing on the fit model button.

Note: For additional information on the LR outputs please consult the “Technical information:
Methods and Algorithms” manual.

X MOLUSCE

Inputs = Evaluating correlation | Area Changes | Transition Potential Modelling | Cellular Automata Simulation = Validation Messages

w Define Samples

Mode Random < | Number of samples 2000 N Save Samples... & Add to canvas

Methed | Logistic Regression =

Maximum iterations 100 - | | Coefficients | standard deviations | P-values

LSighEctiood 1px . 1.0-1.0 1.0-20 1.0-30 20
Pseudo R-squared (count) |0.86500 B0 2.29089184273 2.35420848312  1.3914636075 0.87130
[ Fibmodel | B1 0.938482506386 1.98357256737 1.34364598914 0.78324

B2 -0.307389693649 0.577564941391 0.464627578576 1.38264
B3 0.266529173098 -0.91618718305 -1.054462362 -1.27351
B4 1.50168353366 0.158805483881 0.267868188705 0.77775
B5 -0.0134878663421 1.41666429025 0.402012977562 0.98903
B6 -0.541370873113 1.23294235435 0.252883802189 0.99133
B7 -0.2628395147104 -0.469156181501 -0.447478818499 0.75258
B8 0.702193563934 |0.233648007781 1.01319158149 -0.56001
Be -11.6339521165 -9.01149414668 -6.56192430643 |2.25965
R1N 7 ARGT1G7NIR? 5Q7A2N275408 2 A7?7RAARTEQ .2 RQAAC|~
D

I 0%
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2.5. Cellular Automata Simulation

Once one method has been chosen from the transition potential modelling tab, the user can then
access to the cellular automata simulation tab. Be aware that MOLUSCE will keep in memory the
latest method processed, if for example the user runs first the ANN and then the LR methods, the
cellular automata simulation tab will retain the results from the LR.

Three type of output maps are produced. A check box at the beginning of each output is provided to
allow the user to enable only what it is necessary. A browse... button located at the end of each
output allows to save each map.

e The prefix of transition potential maps button allows to select prefix of the names of
transition potential maps. Transition potential map shows the probability or potential to
change from one land use/cover class to another. Transition potential values range from 0
(low transition potential of change) 100 (high transition potential). Transition potential maps
will be produced from the corresponding land use/cover changes (e.g., “forest to unstocked
forest” transition potential, “forest to non-forest transition potential).

e The certainty function (As mentioned earlier, this is an experimental function).

¢ The simulation result produces a simulated land use/cover map.

< I MOLUSCE

Inputs = Evaluating correlation = Area Changes = Transition Potential Modelling || Cellular Automata Simulation || Validation Messages

| Prefix of transition potential maps
[§ Certanty Function /home/matteo/Desktop/Original/Output/ANN certainty Function.tif Browse...
& simulation result /home/matteo/Desktop/Original/Output/ANN simulation result.tif Browse...

Number of simulation iterations 1
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2.6. Validation

The validation tab allows the user to check, validate and compare the simulation results. Reference
and simulated land use/cover maps must be loaded in order to start the validation process. The
former indicates a land use/cover map (T?). T' refers to the initial land use/cover, while T? refers to
the final land use/cover used in the model). A browse. button located at the end of each output
allows to load the desired map. A two way map comparison is performed from reference land
use/cover (T3) and simulated land use/cover maps.

In order to perform a three way map comparison, the user can check the risk class validation map
check-box. Although it is not shown explicitly, the three-way map comparison uses the initial land
use/cover map (T1), the reference land use/cover map (T3) and the simulated land use/cover map.

The multiple-resolution budget method is also used in MOLUSCE. The user can decide the number
of validation iterations and can start the process by pressing the start validation button. The graph
can be edited and saved as image.

the overall accuracy (% of correctness), kappa (overall), kappa (histo) and kappa (loc) can be
executed by clicking the calculate kappa button.

Inputs = Evaluating correlation = Area Changes Transition Potential Modelling = Cellular Automata Simulation | Validation | Messages

Reference Map /home/matteo/Desktop/Original/Pak_lucco7.tif Browse... % of Correctness |76.36253
Simulated Map 20/Desktop/Original/Output/ANN simulation result.tif| | Browse... Kappa (overal) 0.55180
&4 Risk Class Validation Map [ check persistent classes | Create... | Kappa (histo) 0.85414
Number of validation iterations 5 = Kappa (loc) 0.64604
Start validation Calculate kappa

Multiple-resolution budget

1.0
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