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Problem context: 
Landslides are major risks along 

highways in Benguet.
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Problem: 
Landslide prediction system is needed 

in managing and mitigating risks 
along highways.
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Possible solutions: 
1) Spatial (susceptibility/hazard maps) ✔
2) Temporal (empirical-statistical methods; 

site-specific instrumentation and monitoring) 
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Research objectives

● Develop a machine learning - based system 
for predicting landslides based on rainfall
○ Generate predictors based on rainfall
○ Train various machine learning models
○ Evaluate prediction results   
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Scope and limitation

● Prediction is for “when”
● Data + ML models
● Default parameters for ML models 

(blackbox)
● “System” = core function
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Presentation objectives
● Discuss (quick) overview of machine learning (ML)
● Demonstrate how ML is applied to the research
● Discuss preliminary results
● Discuss challenges and ways forward
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Basic workflow of machine learning
(supervised classification)
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New data 
set
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Training vs testing sets
● Common ML practice to 

split data into training and 
testing sets. 
○ Train the model using 

the training set.
○ Evaluate model fed 

with the testing set. 
Modified from Buitinck et al., 
2013 
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Model evaluation
● Confusion matrix

○ True positive rate
■ TPR=TP/(TP+FN)

○ False positive rate
■ FPR=FP(FP+TN)

Expected/Predicted 
Labels

Positive Negative

Actual 
Labels

Positive
True 

Positive 
(TP)

False 
Negative 

(FN)

Negative
False 

Positive
(FP)

True 
Negative 

(TN)
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Model evaluation
● Receiver Operating  

Characteristic (ROC) 
Curve
○ Plot of FPRs vs TPRs

■ A, B, C in graph
○ Area under the ROC 

curve
Kai walz, 2009. CC-BY-SA-3.0

http://creativecommons.org/licenses/by-nc-nd/4.0/
https://commons.wikimedia.org/wiki/File:ROC_space-2.png
https://creativecommons.org/licenses/by-sa/3.0/deed.en


This work is licensed under a Creative Commons 
Attribution-NonCommercial-NoDerivatives 4.0 International License.

Model evaluation
● Receiver Operating  

Characteristic (ROC) 
Curve
○ Plot of FPR vs TPR
○ Area under the ROC 

curve
■ (0,0)→(FPR,TPR)A→(1,1)

Kai walz, 2009. CC-BY-SA-3.0

A

http://creativecommons.org/licenses/by-nc-nd/4.0/
https://commons.wikimedia.org/wiki/File:ROC_space-2.png
https://creativecommons.org/licenses/by-sa/3.0/deed.en


This work is licensed under a Creative Commons 
Attribution-NonCommercial-NoDerivatives 4.0 International License.

Model evaluation
● Receiver Operating  

Characteristic (ROC) 
Curve
○ Plot of FPR vs TPR
○ Area under the ROC 

curve
■ (0,0)→(FPR,TPR)B→(1,1)

Kai walz, 2009. CC-BY-SA-3.0

B

http://creativecommons.org/licenses/by-nc-nd/4.0/
https://commons.wikimedia.org/wiki/File:ROC_space-2.png
https://creativecommons.org/licenses/by-sa/3.0/deed.en


This work is licensed under a Creative Commons 
Attribution-NonCommercial-NoDerivatives 4.0 International License.

Model evaluation
● Receiver Operating  

Characteristic (ROC) 
Curve
○ Plot of FPR vs TPR
○ Area under the ROC 

curve
■ (0,0)→(FPR,TPR)C→(1,1)

Kai walz, 2009. CC-BY-SA-3.0

CC

http://creativecommons.org/licenses/by-nc-nd/4.0/
https://commons.wikimedia.org/wiki/File:ROC_space-2.png
https://creativecommons.org/licenses/by-sa/3.0/deed.en


This work is licensed under a Creative Commons 
Attribution-NonCommercial-NoDerivatives 4.0 International License.

Model evaluation
● Receiver Operating  

Characteristic (ROC) 
Curve
○ Plot of FPR vs TPR
○ Area under the ROC 

curve
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Our research...

http://creativecommons.org/licenses/by-nc-nd/4.0/


This work is licensed under a Creative Commons 
Attribution-NonCommercial-NoDerivatives 4.0 International License.

Rainfall data (PAGASA Baguio Synoptic Station); 
Landslide data (processed from DPWH-CAR road maintenance records)

Data acquisition 
and cleaning

Feature 
generation

Model 
training

Model 
testing

Model 
evaluation

Date 1-day rain (mm) landslide

... ... ...

4 26 0

5 25 1

6 12 1

7 10 0

Years 
2014 to 2018
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Rainfall data (PAGASA Baguio Synoptic Station); 
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Cumulative rainfall

Data acquisition 
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generation
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training

Model 
testing
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Date 1-day rain 2-day rain

1 7

2 8 15

3 15 23

4 26 41

5 25 51

6 12 37

7 10 22
SUM
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Cumulative rainfall
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Offset rainfall
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Cumulative + 
offset rainfall
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Date 1-day rain 2-day rain, 3-day 
offset

1 7

2 8

3 15

4 26 41
5 25 15

6 12 23

7 10 41

OFFSET

SUM
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(Cumulative + offset) rainfall + 
landslide event/non-event label

Data acquisition 
and cleaning

Feature 
generation

Model 
training

Model 
testing

Model 
evaluation

Date 1-day 
rain, 
0-day 
offset

5-day 
rain,
0-day 
offset

1-day 
rain, 
1-day 
offset

1-day 
rain, 
3-day 
offset

2-day 
rain, 
3-day 
offset

... Land- 
slide

7 10 88 12 26 41 ... 1

FEATURES

LABEL
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Split data into training and testing sets
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Splitting function

Testing set
 (y=label, 
X=features)

Training set 
(y=label, X=features)
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Train model with the training set
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training
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Set the current 
model/classifier

Training 
proper

http://creativecommons.org/licenses/by-nc-nd/4.0/


This work is licensed under a Creative Commons 
Attribution-NonCommercial-NoDerivatives 4.0 International License.

Train model with the training set

Data acquisition 
and cleaning

Feature 
generation

Model 
training

Model 
testing

Model 
evaluation

● K Nearest Neighbor
● Decision Tree
● Random Forest
● Ada Boost
● Gaussian Naive-Bayes
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Feed testing data into model; generate 
predictions

Generate 
predictions

Predicted 
labels

Data acquisition 
and cleaning

Feature 
generation

Model 
testing

Model 
evaluation

Model 
training
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Confusion matrix: TP, FP, TN, FP

Data acquisition 
and cleaning
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generation

Model 
training

Model 
testing

Model 
evaluation

Function for 
generating 
confusion 
matrix values
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Confusion matrix: 
TPR (%)
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● Gaussian Naive-Bayes 
○ best ML model (TPR, AUC)
○ similar performance to 15-day cumulative rain
○ Generally outperforms other cumulative rain 

thresholds
● Often-used and -cited 1-day rainfall threshold performs 

poorly

Preliminary results
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● ML models can still be improved
○ More data (rows)
○ More (or less) features (columns)
○ Optimize parameters of the individual models
○ Explore other models, or their combinations

Preliminary results
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● Potential of ML for maximizing operational data 
produced by agencies

● Cost-effective, sustainable system developed with 
FOSS, and potentially, by a community of app 
developers and researchers.

Preliminary results
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● Machine learning as data driven method
○ Data consistency
○ Data completeness

● Landslides as episodic phenomena
○ Relatively rare compared to non-landslide events
○ Reliable ML models require significant number of 

landslide events 

Challenges
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● Size of area of responsibility (scope of model)
○ Too small → too few landslide events
○ Too big → difficult to answer “where”

Challenges
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● DPWH as immediate, potential end-user 
○ Rainfall data - automated access from PAGASA
○ Landslide data - improvement of system for 

gathering and reporting landslide data 
○ Further model refinements
○ Integrate results with susceptibility/hazard maps
○ Develop probabilistic expressions of landslide 

prediction
○ Develop front-end for end-users

Ways forward
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● Explore other potential end-users
○ With operational capability to produce quality 

landslide inventories
○ Willing to test the system
○ MGB Regional Offices?
○ Local DRRMOs / Engineering Offices?
○ SUCs?

Ways forward

http://creativecommons.org/licenses/by-nc-nd/4.0/


This work is licensed under a Creative Commons 
Attribution-NonCommercial-NoDerivatives 4.0 International License.

● GeoRiskPH ?
○ Centralizing area-specific landslide inventories
○ Providing standards for data collection
○ Hosting the prediction system for operational use

● DOST / Philippine Space Agency ? 
○ enhancing landslide inventories

Ways forward
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