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Introduction



Introduction
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Earthquake

trigger

landslides

fatality

caused

Rapid identification of landslides is very important:

1. Assessment of earthquake impacts

2. Hazard mitigation

In recent year: Two kinds of models

physics-based 

of models
statistics-based 

of models

mechanical and 

frictional properties 

correlation between key 

driving factors and landslide 
Method

Parameters more less

(Jibson et al., 2000);

(Gallen et al., 2017) 

(Nowicki Jessee et al., 2018); 

(Robinson et al., 2018). 
References



Objectives

Generate the Taiwan landslide 

susceptibility model
Increase model resolution
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In Nowicki 2014, the resolution

is about ~1km

While global models have been

applied to broad regions, the

characteristics of earthquake-

triggered landslides could vary

with local geologic conditions
In this paper, the resolution

increase to 40m



2.
Methodolygy



Process

To reflect the complicated geomorphic and geologic conditions in Taiwan, he use high 

resolution topographic and geologic data of Taiwan to develop a nowcasting model

select candidate factors that could 

highly affect earthquake-triggered 

landslides

Calculate the correlation coefficient 

to determine the factor as a possible 

variable

the best fitting logistic model is 

defined to predict the possibility of 

earthquake-triggered landslides in 

Taiwan.

test the significance of each variable 

using a logistic regression model 

and the goodness-of-fit criteria

1

2

4

3

Based on Nowicki et al., 2014; Nowicki Jessee et al., 2018 
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Study Area

Landslide inventory used in this study:

1. Light blue polygons :

show landslide distribution of the 1999 

Chi-Chi earthquake (Liao and Lee, 2000)

2. Dark blue polygons :

show landslide distribution of the 1998 

Jueili earthquake (Huang and Lee, 1999)

Yellow stars denote the epicenters 

of the two earthquakes.
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Variables

Seismic property: quantitative 

measurements representing ground 

shaking 

Lithology: is vital for the delivery of 

energy and affects the degree of 

landslides 

Wetness: is adopted to represent friction 

of soil for the estimation of landslides 

(Nowicki et al., 2014). 

CTI: Compound Topographic Index
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Choose factor

There are two approaches to examine the impacts on landslides:

1. Point biserial Correlation coefficient:

appropriate for assessing relationships between topographic factors and landslides

topographic factors → continuous

Landslide data → binary

2. Cramer’s V:

used to examine the relationship between lithology data and landslide data.

Lithology type → nominal

Landslide data → binary

landslide 

data

Landslide

Non-landslide

(Binary)

Lithology

Form. A

Form. C

Form. B

Form. D

Form. : Formation

(nominal) topographic factors ex: slope

90 045

Degree

(continuous)
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Logistic Regression

𝒔𝒖𝒔𝒄𝒆𝒑𝒕𝒊𝒃𝒊𝒍𝒊𝒕𝒚 =
𝒆𝒚

𝟏 + 𝒆𝒚

𝒚 = 𝒂𝟎 +

𝒌=𝟏

𝒏

𝒂𝒌 𝒙𝒌

Find a line that distinguishes two groups

𝑎0: constant intercept
𝑎𝑘: 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑓𝑎𝑐𝑡𝑜𝑟
𝑥𝑘: 𝑡ℎ𝑒 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑓𝑎𝑐𝑡𝑜𝑟
𝑛 ∶ 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑓𝑎𝑐𝑡𝑜𝑟

Sample points are randomly selected on 

landslide and non-landslide areas

To determine the most significant variables, 

approaches including:

1. Akaike information criteria (AIC)

2. area under the receiver operating curve (AUC)



3.
Result



13

Determination of variables 
Coefficient values >0.1 or < -0.1 

→factor has a strong correlation 

with landslide occurrences 

(Nowicki Jessee et al., 2018). 

Bold coefficient values 

denote a more significant 

correlation.

Six Factors:

1.PGA

2.Arias Intensity

3.Lithology

4.Roughness(3 × 3)

5.Roughness(5 × 5)

6.Slope angle



The nowcasting model of earthquake-triggered landslide 
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randomly select 2500 pixels on non-landslide areas and another 2500 pixels on 

landslide areas as the training data. 

Lower AIC Higher AUC

Best model

The final equation of this model is: 
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The nowcasting model of earthquake-triggered landslide 
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After the development of the logistic regression model, we test this model 

on the Chi-Chi Earthquake. 

140,000 landslide pixels 

140,000 non-landslide pixels 



The nowcasting model of earthquake-triggered landslide 
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We vary the threshold of landslide probability from 0.1 to 0.9 in the interval of 0.1. 

If the probability of each pixel is higher than the threshold, the pixel is counted as 

a landslide pixel. 

Assume Threshold = 0.5

0.3

0.8

Non-Landslide pixel

Landslide pixel

susceptibility



The nowcasting model of earthquake-triggered landslide 
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the landslide probability 

threshold of 0.4 has the 

best balanced accuracy

If the threshold is set to a low value (e.g., 0.1), 

it may generate many false alarms, but instead, 

it avoids the occurrence of missing events.

17

TPR : 

TNR : 



Use Chi-Chi earthquake (1999) model
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The nowcasting model of earthquake-triggered landslide 

Put into Jueili earthquake(1998)



4.
Conclusion
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Conclusion

In Jueili earthquake(1998), 

when threshold=0.1 

→balance accuracy =0.95

1 2

3

Increase resolution from 1km to 40m



Thank you



Appendix

Cramer’s V
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𝐶𝑟𝑎𝑚𝑒𝑟′𝑠 𝑉 =
σ

𝑂𝑖 − 𝐸𝑖
2

𝐸𝑖
N × [min(n,m)-1]

𝑂𝑖 = observed value
𝐸𝑖 = expected value
𝑛 = 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑜𝑙𝑢𝑚𝑒
𝑚 = 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑟𝑜𝑤
𝑁＝𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒𝑠

Positive Negative Total

vaccine 2 18 20

No 

vaccine
2 8 10

Total 4 26 30

Positive Negative Total

vaccine
20 ∗

4

30
= 𝟐. 𝟔𝟔

20 ∗
26

30
= 𝟏𝟕. 𝟑𝟑

20

No 

vaccine
10 ∗

4

30
= 𝟏. 𝟑𝟑

10 ∗
26

30
= 𝟖. 𝟔𝟔

10

Total 4 26 30

observed value

expected value

2 − 2.66 2

2.66
+

18 − 17.33 2

17.33
+

2 − 1.33 2

1.33
+

8 − 8.66 2

8.66

σ
𝑂𝑖−𝐸𝑖

2

𝐸𝑖
=

Pearson’s chi-squared test

Cramer’s V

0-0.4
Lowly 

correlated

0.4-0.7
Moderately 

correlated

0.7-1
Highly 

correlated

https://terms.naer.edu.tw/detail/416077/?index=1
https://terms.naer.edu.tw/detail/416077/?index=1
https://terms.naer.edu.tw/detail/416077/?index=1


Appendix

Point biserial Correlation coefficient

Student A B C D E F G H I J

gender 1 0 1 1 0 1 1 0 1 0

Score 76 58 74 67 65 68 71 69 66 61

𝜎𝑠𝑐𝑜𝑟𝑒 = 5.48

𝑔𝑒𝑛𝑑𝑒𝑟1 = 70.33

𝑔𝑒𝑛𝑑𝑒𝑟2 = 63.25

𝑟 =
𝑋𝑝 − 𝑋𝑞

𝜎𝑥
𝑝𝑞 =

70.33 − 63.25

5.48

6

10
∗
4

10
= 0.633

𝑝 = 𝑟𝑎𝑡𝑖𝑜 𝑜𝑓 𝑔𝑒𝑛𝑑𝑒𝑟 1
𝑞 = 𝑟𝑎𝑡𝑖𝑜 𝑜𝑓 𝑔𝑒𝑛𝑑𝑒𝑟2

Correlation 

coefficient

0-0.4
Lowly 

correlated

0.4-0.7
Moderately 

correlated

0.7-1
Highly 

correlated



✘ Logistic regression
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