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Maybe we already know each other
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(QuickMapServices, ~10.000.000 downloads)
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QGIS Teamspace: ready-to-go Enterprise level solution for QGIS-based workflows
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Land Use Change Simulation problem

?
What and how had changed? What will happen in next 5 years?

2017 2022 2027



MOLUSCE
Land Use Change Simulations in QGIS

First released in 2012

Presented at:
- FOSS4G 2012 in Japan
- FOSS4G 2013 in Nottingham
- FOSS4GE 2025 in Mostar

Version 3 published in 2013
… development on hold …
Version 4 published in 2024
Version 5 published in 2025
Version 5.2 published in 2026





Phenomenon in QGIS World
100k+ downloads, thousands of scientific papers, dozens of YouTube videos



Monte Carlo Cellular Automata (MCCA) approach
First state (ex. 2020)



Monte Carlo Cellular Automata (MCCA) approach
Second state (ex. 2025)



Monte Carlo Cellular Automata (MCCA) approach
Transition matrix and map are calculated



Monte Carlo Cellular Automata (MCCA) approach
Environmental factor 1



Monte Carlo Cellular Automata (MCCA) approach
Environmental factor N



Monte Carlo Cellular Automata (MCCA) approach
State of neighbours for each pixel could be taken into account



Monte Carlo Cellular Automata (MCCA) approach
Train statistical model to explain the observed transformation ANN

Logistic regression

Weights of evidence

MCE



Monte Carlo Cellular Automata (MCCA) approach
Probability estimation for each transition. Example: 11 -> 7



Monte Carlo Cellular Automata (MCCA) approach
Probability estimation for each transition. Example: 11 -> 11



Monte Carlo Cellular Automata (MCCA) approach
General certainty function. Difference between two largest transition potentials

How confident model is?



Monte Carlo Cellular Automata (MCCA) approach
Highest probability is used to apply the transition.
If there are several very close probabilities, random among them is selected
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Monte Carlo Cellular Automata (MCCA) approach
Predicted state (ex. 2030)



Monte Carlo Cellular Automata (MCCA) approach
Could be many iterations. Predicted state 2 (ex. 2035)



Examples of usage. General LULC dynamics

Muhammad, R.; Zhang, W.; Abbas, Z.; Guo, F.; Gwiazdzinski, L. 
Spatiotemporal Change Analysis and Prediction of Future Land 
Use and Land Cover Changes Using QGIS MOLUSCE Plugin and 
Remote Sensing Big Data: A Case Study of Linyi, China. Land 
2022, 11, 419. https://doi.org/10.3390/land11030419



Elera-Gonzales, D.G., da Silva, C.L., 
de Moura Melo, L. et al. 
Deforestation driven by illegal and 
informal gold mining in the 
southern Peruvian Amazon: a 
predictive land use analysis over 
the next 50 years. Environ Monit 
Assess 197, 792 (2025). 
https://doi.org/10.1007/s10661-02
5-14209-w

Examples of usage. Deforestation driven by gold mining



Examples of usage. Shoreline changes



Case. Ramsko Lake



2km buffer zone



2018 2021 2024
Train the model Validate prediction to 2027



LULC Data:
- ESRI LandCover 2018
- ESRI LandCover 2021
- ESRI LandCover 2024

All from ESRI LandCover Explorer

Data to build spatial predictors:
- Copernicus DEM from Copernicus Browser
- OpenStreetMap (touristic points) from Overpass Turbo
- Microsoft buildings from MS GitHub
- Microsoft roads from MS GitHub

Case datasets

https://livingatlas.arcgis.com/landcoverexplorer/#mapCenter=-77.08371%2C26.38100%2C11.00&mode=step&timeExtent=2017%2C2024&year=2024
https://browser.dataspace.copernicus.eu/
https://overpass-turbo.eu/
https://github.com/microsoft/GlobalMLBuildingFootprints
https://github.com/microsoft/RoadDetections


Data preparation



All inputs are rasters of same size, extent, reference system*

2400

24
00

*2400 is just an example. Your data could have its own size

Land cover maps Predictors
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Raster datasets

Resampling

Key tools in QGIS:
- Raster calculator
- Raster layer export
- Warp (reproject)
- Clip raster (by extent / by mask)

Pay attention to resampling method!



Point vector datasets

(Buffer) + Rasterization

Key tools in QGIS:
- Rasterize (vector to raster)
- Buffer

“Presence” mode



Point vector datasets

Interpolation

Key tools in QGIS:
- TIN/IDW Interpolation
- Heatmap
- SAGA interpolation tools

When some observation of continuous 
fields are presented in points



Point vector datasets

Proximity

Key tools in QGIS:
- Proximity



Linestring and polygon vector datasets

(Buffer) + Rasterization

Key tools in QGIS:
- Rasterize (vector to raster)
- Buffer

“Presence” mode



Linestring and polygon vector datasets

Proximity

Key tools in QGIS:
- Proximity



New built-in tools for quick data preparation



LULC data sources



Global datasets

MODIS MCD12Q1
ESRI Land Cover
ESA WorldCover
Dynamic World
GLC_FCS30D
GLAD
…



Topographic/Thematic maps



Satellite/Aerial imagery



National cadastre



Sometimes all together gives a long perspective

Levin, N., & Kark, S. (2023). From Historical Maps 
to Remote Sensing: Reconstructing Land Use 
Changes on Norfolk Island over the Past 250 
Years. The Cartographic Journal, 60(3), 194–215. 
https://doi.org/10.1080/00087041.2022.2150367



Algorithms setup



ANN parameters

Neighbourhood - how many neighbour pixels to use for each case

0 1 2

Learning rate -  the step of the learning process, how much to change the model 
in response to the estimated error

The lower this value, the more cautions your model is.



ANN parameters

Maxim iterations - the limit of learning cycles.

You can decrease it to make process faster and to avoid overfitting 
in some cases, but too low value could cause model underfitting. 

Number of hidden layers - the more this number is, the more complex the neural 
network would be, with a larger amount of internal parameters to be optimized

Momentum - defines the influence of the previous learning process step on the 
next learning process step



Point sampling policies

All — use all pixels for training process. Impossible for large rasters

Random — randomly place given number of points for training

Stratified — this mode randomly undersamples major categories (large areas)
and oversamples minor categories (small areas) to ensure their presence



ANN typical learning curves

~ Ideal. Smooth 
improvement at every 
iteration for both lines.
Hypothesis is right.

~ Bad. Chaotic peaks at 
both lines, no improvements 
with iterations.
Hypothesis is wrong.

Overfitting.
Decrease number of 
neurons.
increase sample count.



Logistic regression

Neighbourhood - how many neighbour pixels to use for each case

0 1 2

Set of regression coefficients for each transition pair



Multi Criteria Evaluation

Manual describing of spatial variables mutual importance for one 
particular transition (e.g. 7 -> 11) using Saaty’s scale:



Weights of Evidence

1. Split continuous predictor values to categories (based on ranges)
2. Calculating weights of factors/categories in occurred and non-occured 

transitions
3. Forecast based on weights

This approach works only if there is very straightforward connection 
between factors and their subranges and transitions



Major limitations



Conceptual — it’s just statistics

MOLUSCE does not know the nature of water 
or vegetation, it can not reason as 
geographer.

It sees complex patterns in numbers and 
continues them into the future.



Conceptual — events out of pattern could not be predicted

https://n1info.ba/english/news/fire-in-bosnias-blidinje-nature-park-getting-out-of-control-firefighters-warn/ 

https://n1info.ba/english/news/fire-in-bosnias-blidinje-nature-park-getting-out-of-control-firefighters-warn/


source: earthobservatory.nasa.gov

Engineering constructions



Technical — all data is uploaded to RAM

Experiments are limited by 
workstations RAM.

Effective for millions of pixels per 
input dataset, but not billions



Technical — same set of classes in both source LULCs

10 20 30 40 70 80 90

10 20 30 40 70 80 100

First LULC map unique values:

Second LULC map unique values:
Couldn’t be processed

But there is a simple workaround — manually add single pixels with Serval tool



Technical — save/load mechanism is for single context

Model uses information about extent and 
dimensions of input data, and could not be 
applied to datasets with different domain

Save/load currently is for multi-iteration predictions, allowing to use 
same model with different versions of environmental factors



Common problems



Too little change over too much territory

2017 2020

~5000x5000



Too little change over too much territory



Too little change over too much territory

For model statistically it is much safer 
to predict no change at all. So it does.

It could work only if you have 
environmental factors really highlighting 
these alone changed pixels



Wrong hypothesis / set of variables not explaining the change

Source: Veteikis, Darijus & Šabanovas, Simonas & Jankauskaitė, 
Margarita. (2011). Landscape structure changes on the coastal 
plain of Lithuania during 1998–2009. Baltica. 24. 

People often use “standard” set of predictors: 
infrastructure proximity, NDVI, slope etc.

But real factors in particular case could be 
very different, including “exotic” ones:

- Beavers activity
- Tree parasites
- Anything else

It’s your task as a researcher to find out the 
real drivers.



Different patterns and factors in different subregions

Erosion,
forest clearcuts

Droughts, 
climate change

Single model could fail predicting 
change in areas with different 
nature of transformation 

Better to split region to several 
subregions, different 
experiments/models



Pattern change over time, hard to explain with variables

2017 2019 2021
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