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Developing Probabilistic Based Landslide Early Warning System for Sri Lanka

Mihira Lakruwan (Tohoku University)

As a tropical country Sri Lanka faces two monsoon seasons with heavy rainfalls triggering
many devastating landslides causing fatalities and extensive damages to infrastructure and
nature. It is impossible to provide geotechnical, geo-hydrological or geo-environmental
solutions for all the risk areas. Therefore, other means of proactive measures are required
in mitigating the devastating effects of landslide disasters. Accurate and efficient landslide
early warning is a crucial component in that.

While rainfall being the most critical causative factor for rain induced landslide, different
rainfall indices are being used for defining the threshold values, and determining the best
index or combination of indices is critically important. We used couple of machine learning
methods (i.e. Logistic Regression (LR) (Cox 1958) and Principal Component Analysis (PCA)
(Karl 1901)) to analyse the data. All the analyses were performed on Python 3.11 (Rossum
and Drake 2009)

The rainfall records with 30min temporal resolution obtained from the Realtime Rainfall Measurement System of National
Building Research Organisation (NBRO), Sri Lanka and the landslide records extracted from the Landslide Inventory Management
System of NBRO, Sri Lanka were used in the analysis. In the first stage, supervised LR models were developed for four different
types of rainfall indices as Cumulative Rainfall (CRF), Working Rainfall (WRF), 12hr Rainfall, and Soil Water Index (SWI). The
performance of each LR model was evaluated using the Area Under the Receiver Operating Characteristic Curve (AUC-ROC).
The results showed that the 72hr CRF (AUC-ROC = 0.983), 2hr WRF (AUC-ROC = 0.955), and SWI (AUC-ROC = 0.937) are the
best indices in predicting the landslides. However, the Area Under the Precision Recall Curve (AUC-PR) values are 0.371, 0.406,
and 0.510 for the above parameters, respectively. Low AUC-PR values reveal that there are high number of false positives or false
alarms.

However, defining the thresholds and

Probability

implantation of early warning system
based on three-dimensional plot, on the
selected three parameters, is challenging.
Therefore, dimensionality of the data
was reduced to two (PC1 and PC2) using
unsupervised PCA while retaining 99%
of the total variance of the data. Then
conditional probabilities of failure were
calculated on the PC plot and three tiers
early warning system was introduced as
shown in Figure 1. The two-dimensional
(2D) LR model developed for the PC1
and PC2 has AUC-ROC and AUC-PR
values of 0.963 and 0.674 respectively.
This shows that the false positives or
false alarms has been reduced in the
2D PC plot compared to individual
parameters.

This study further shows how the
advancement of data science and machine
learning can be associated in providing
solutions for geotechnical related issue
not limiting to predicting of landslides.
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Figure1. Proposed Probabilistic Landslide Early Warning System for Sri Lanka
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