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Motivation 

Herrera, 2018  ~56.000 fatalities (2004-2016) (Froude and Petley, 2018) 

NASA Global landslides Catalog (2007 – 2017) 
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Motivation 

Colombia, 20174 

Japan, 20182 Japan, 20181 New Zealand, 20162 

Sierra Leone, 2017 3  
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Landslides location accuracy (Herrera, 2018)  

Case study Manado-Indonesia  

Main problem Landslide inventory maps (Accurate location) 

Critical issue: 

Alternatives Public Earth-observation data  

How?                 Machine Learning     automatic landslide detection 

Motivation 
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Research Questions 

How to detect landslides using 
Machine Learning? 
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Research Questions 

• To what extent can landslides be detected using Sentinel-2 in combination 

with DEM?  

• What are the relevant landslide diagnostic features? 

• What is the best segmentation strategy? 

• How to exploit features per pixels to produce feature per segments? 

• What is the most appropriate Machine Learning technique? 

• What is the accuracy of the most appropriate Machine Learning technique? 
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New challenges 

• Model generalization 
 

• Multi-scale segmentation approach 
 

• Applicability and  re-usability 
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Image classification techniques  

 The pixel is the object 

Medium Resolution High to very high Resolution 

Blaschke (2010) Blaschke (2010) 

Pixel-based Object-based (OBIA) 

 Each pixel belongs to a class 

 The segment is the object 

 Each segment belongs to a class 
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Spectral 

200m 

Why OBIA? 

 
 

Spectral + spatial +contextual 

Clewley et al., 2014  
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Supervised classification 

Random Forest 

Source image: https://community.tibco.com/wiki/random-forest-template-tibco-spotfirer-wiki-page 
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Martha et al. (2011) 

Stumpf and Kerle (2011) 

   Martha et al. (2011) 

Author 

   Blaschke et al. (2014) 

   Holbling et al.(2015) 

Object-based classification 

Rule-based 

Rule-based 

Rule-based 

Machine Learning 

OBIA in the context of landslides 

Parker (2013) Machine Learning 
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Methodology overview 

Sentinel-2 
     (10m) 
 

DEM ALOS  
    (30m) 
 

Pre-processing 

Image segmentation 

Image classification 

2015-present 

2006-2011 

Free-of-charge datasets 
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Methodology overview 

Sentinel-2 
     (10m) 
 

DEM ALOS  
    (30m) 
 Image segmentation 

Image classification 

2015-present 

2006-2011 

Free-of-charge datasets 
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Sample set preparation 

Landslides events: 110 
Satellite Images:  96  (32 post-event / 32 pre-event / 32 image difference) 
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Sample set preparation 

Quality assessment 
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Image set preparation 
Processed images (GEE) > 1,500 

~1TB 
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Image set preparation 
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Features computation (RGD) 
Band ratioing 

Image difference 

Feature: 
Red/Green Difference (RGD) 
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Features computation (VID) 

500m 

Original image (pre-event) 

500m 

Image normalized (pre-event) 

normalization 

Image normalization 

Original image (post-event) 

Image difference 

Feature: 
Vegetation index difference (VID) 
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Methodology overview 

Sentinel-2 
     (10m) 
 

DEM ALOS  
    (30m) 
 

Image classification 

2015-present 

2006-2011 

Free-of-charge datasets 
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Initial Segmentation 
Feature: Red/Green Difference (RGD) 

Segmentation algorithm: k-means Implementation (Shepherd et al. 2019 ) 

- Initial K estimated using the Elbow method (k = 8) 

 
 
 

To ensure segmentation  of smallest landslides  
( ~100m x 100m)   

- A unique K (for all images) adjusted to a higher value (K=19) 

- Minimum number of pixels is fixed to 80px  

Image difference Image segmentation 
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Pixels to Segments 

Pixels Segments 
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Features at segment level 

Final landslides diagnostic features 

Segment level 
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Initial Segmentation 

Challenge                         multi-scale objects 

 Over-segmentation of non- landslides cases   

 Extremely imbalanced dataset  

 Classifier biased toward the majority class 

 Poor performance for the landslide case 
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Merging algorithm 

Key Considerations: 

 Feature to define homogeneity 

 Threshold of homogeneity  

 Criteria for seed selection 

Merging algorithm: region growing at segment level 
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Homogeneity criterion 

Feature: NDVI 

200 
200 Post-event image Image difference Initial segmentation 

If  Sm < t , segments are merged 



31 

Homogeneity criterion  

Challenge 

Types of landslides 

Geomorphological settings 

Images 

Seasons 

Atmospheric  conditions   

Different 

How to define a threshold of similarity for all images ?  
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Homogeneity criterion  
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Region growing 
Input Data: List of the Segments 
Output Data: List of Regions 
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Methodology overview 

Sentinel-2 
     (10m) 
 

DEM ALOS  
    (30m) 
 

2015-present 

2006-2011 

Free-of-charge datasets 
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Exploratory analysis 
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Model training and building 

Landslide diagnostic features 

Initial ranking of  features 
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Segments optimization 

non-landslides segments: 2,749 non-landslides segments: 56,563 

K-means  Merging algorithm 

93.3 % 

Coarse threshold Segments Reduction missed Error 

+ fine threshold = 0.05 

Ratio  1:225 
Ratio  1:14 
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Model training and building 

Total segments =   2,905 
 
landslides = 199 
 
non-landslides = 2,706 

Training (70%)  

Testing (30%)  

non-landslides =  1,899 
 
landslides = 134 

non-landslides = 807 
 
landslides =  65 

Ratio  1:14 
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Model performance 
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landslide = 1 

non-landslide = 0 

(Tp) 

(Fp) (Tn) 

(Fn) 

Target class: landslide 

Model performance 
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Final ranking of 
features 

Model performance 
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(1) Ancient landslides 

Model validation 

(2) Area with non probability of landslides 
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(4) Nepal case study 

NASA tool Our tool Out tool 

Model validation 

(3) Fresh landslides 
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Conclusions 

How to detect and locate landslides using Machine Learning? 

• To what extent can landslides be detected using Sentinel-2 in 
combination with DEM?  

Landslides can be detected using features derived from the spectral 
information of Sentinel-2  and topographic features from global DEM. 
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• What are the relevant landslide diagnostic features? 

1. 

2. 

3. 

4. 

26% 

19% 

13% 

12% 

5…10 Rest of the features <10% each 

Conclusions 
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• What is the best segmentation strategy? 

Detailed segmentation of landslides 
(Red/Green difference) 

To balance the dataset (reduce the 
number of non-landslides cases) 

Merging algorithm 

Initial Segmentation  

(NDVI) 

Conclusions 
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• How to exploit features per pixels to produce features per segments? 

Conclusions 

 Features at pixel level are grouped into segments  

 Statistical measures: mean and maximum 

Mean                              all  features  

Maximum                       slope 
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• What is the most appropriate Machine Learning technique? 

Random Forest 

 Non-parametric 

 Best performance in OBIA 

  Non-complex  implementation 

 

 Can handle imbalanced datasets 

 

 Few tuning parameters 

 

Conclusions 
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• What is the accuracy of most appropriate Machine Learning  
technique? 

 Precision = 83% 

Conclusions 

 Recall= 83% 

 F1-score= 83% 
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• First attempt of  a general method to detect landslides 

• Applicable  and  re-usable  

• Semi-automatic method 

Conclusions 

• Able to work with mixed-landcover (urban-vegetated)  

• Limitations in areas with perennial snow, high sedimentation 
rates, regions with non-vegetation. 
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Future works 

• Increase the number of training samples 

• Remove redundant information 

 

• Apply similar methodology to extract features from SAR 
images 

• Explore an strategy to include automatic derived thresholds 
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Thanks for your attention! 

Questions ? 
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Storage 

Google fusion tables 

Pre-processing Processing Visualization 

PostgreSQL Google Earth Engine 

RSGISLib 

Tools 

Source code: https://github.com/mhscience/landslides_detection  

https://github.com/mhscience/landslides_detection

