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Use same factor and case to get 

the same result with Pro. Lee

My target
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Statistical seismic landslide hazard analysis: 

An example from Taiwan

(Chyi-Tyi Lee,2014)

Factor

1. Slope(percentage)

2. Terrain roughness

3. Slope roughness

4. Total curvature

5. Total slope height

6. Arias Intensity

7. Aspect

8. Lithology

Construct a Logistic regression 

model to draw susceptibility map

Case : CHI-CHI earthquake
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Logistic Regression

7Find a line that distinguishes two groups

𝒔𝒖𝒔𝒄𝒆𝒑𝒕𝒊𝒃𝒊𝒍𝒊𝒕𝒚 =
𝒆𝒚

𝟏 + 𝒆𝒚
𝒚 = 𝒂𝟎 +෍

𝒌=𝟏

𝒏

𝒂𝒌 𝒙𝒌

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



Logistic Regression
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𝒚 = 𝒂𝟎 +෍

𝒌=𝟏

𝒏

𝒂𝒌 𝒙𝒌

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

𝒔𝒖𝒔𝒄𝒆𝒑𝒕𝒊𝒃𝒊𝒍𝒊𝒕𝒚 =
𝒆𝒚

𝟏 + 𝒆𝒚

EX： 𝑙𝑜𝑔𝑖𝑠𝑡𝑖𝑐 𝑟𝑒𝑔𝑟𝑒𝑠𝑠𝑖𝑜𝑛 𝑚𝑜𝑑𝑒𝑙:

𝑦 = 3𝑥1 − 𝑥2 − 2

Point A : 𝑥1 = 2, 𝑥2 = 3 → 𝑦 = 1

Susceptibility A : 𝑆𝑢𝑠 = 0.73

Point B : 𝑥1 = 1, 𝑥2 = 1 → 𝑦 = 0

Susceptibility B : 𝑆𝑢𝑠 = 0.5

Point C : 𝑥1 = −1, 𝑥2 = −4 → 𝑦 = −1

Susceptibility C : 𝑆𝑢𝑠 = 0.27



Training data selection
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Landslide data : total landslide grids

Non-Landslide data : randomly selected 

data of similar size with landslide data

Landslide polygon

Landslide data

Non-Landslide data



Training data select
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Important thing for Non-Landslide data 

1. Shallow area        2. Stable area        3. History landslide areaDelete data on : 

2. Stable area : 

Slope gradient below 10% and 

Continuation area above 1 hectare

3. History landslide area : 

The geological conditions in 

this area are unstable.
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Arias Intensity

𝑰𝑨 =
𝝅

𝟐𝒈
න
𝟎

𝑻𝒅

𝒂 𝒕 𝟐𝒅𝒕

𝑔 ∶ Acceleration of Gravity

𝑇𝑑 ∶ duration of signal
𝑎 ∶ earthquake acceleration

Calculate the earthquake acceleration 

in the horizontal direction and take 

the geometric mean

𝑰 = 𝑰𝑵𝑺 ∗ 𝑰𝑬𝑾

(Chyi-Tyi Lee,2014)

https://terms.naer.edu.tw/detail/1289029/?index=1


AUC(Area Under Curve)
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AUC>0.9 as excellent,

0.9 > AUC > 0.8 as good,

0.8 > AUC > 0.7 as fair,

0.7 > AUC > 0.6 as poor,

AUC < 0.6 as very poor

ROC  : 

Receiver Operating 

Characteristic Curve

AUC : Area under curve



4. Result
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Verify logistic model correctness
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Example data

NLS LS 迴歸線

LS：1003 cases

NLS：997 cases

A B Intercept

-2.95 8.1 3.247

Logistic Regression model:

Coefficient:

𝒚 = −𝟐. 𝟗𝟓 × 𝒙𝑨 + 𝟖. 𝟏 × 𝒙𝑩 + 𝟑. 𝟐𝟒𝟕

A

B
Logistic 

regression line
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Model coefficient

L1 L2 L3 L4 L5 L6 L7 A1 A2 A3 A4

-0.273 0.068 0.395 0.674 0 -1.396 -0.341 -0.802 -0.139 0.260 0.472

A5 A6 A7 A8 F1 F2 F3 F4 F5 F6 C

0.428 0 -0.345 -0.956 0.782 0.393 0.198 0.129 0.263 0.914 -0.874

𝐿1: 𝑇𝑒𝑟𝑟𝑎𝑐𝑒 𝑑𝑒𝑝𝑜𝑠𝑖𝑡𝑠
𝐿2: 𝑃𝑙𝑒𝑖𝑠𝑡𝑜𝑐𝑒𝑛𝑒 𝑠𝑒𝑟𝑖𝑒𝑠
𝐿3: Pliocene Series
𝐿4: Upper Miocene Series
𝐿5: Lower Miocene Series
𝐿6: Slate and schist
𝐿7: Quartzite and other hard rocks

𝐹1: Slope gradient
𝐹2: Terrain roughness
𝐹3: Slope roughness
𝐹4: Total curvature
𝐹5: Total slope height
𝐹6: Arias intensity

𝐴1: 𝑁
𝐴2: 𝑁E
𝐴3: E
𝐴4: SE

𝐴5: S
𝐴6: 𝑆𝑊
𝐴7:𝑊
𝐴8: 𝑁𝑊

Lithology : Aspect : Factor: 

C : intercept 
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AUC>0.9 as excellent,

0.9 > AUC > 0.8 as good,

0.8 > AUC > 0.7 as fair,

0.7 > AUC > 0.6 as poor,

AUC < 0.6 as very poor

Model AUC

My logistic regression model AUC Pro. Lee AUC



Test Area

Miaoli county

Taichung county
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Susceptibility Map

Landslide polygon

My logistic regression model

My

Pro

. 

Lee



5. Conclusion
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Conclusion

1. Can roughly find where the 

landslide is

2. The AUC of this model is 

0.898



6. Future Work
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Future Work

It will not trigger landslide before earthquake occurred

When Arias Intensity = 0, 

susceptibility should Approach to 0

When Arias Intensity = 0

Turn coefficients into functions of AI

Original: New

:
F1

0.765

F1

𝒇(𝑨𝑰)

※AI : Arias Intensity

Convert it into automatically 

analysis and post on the website



Thank you for 

listening

ANY QUESTIONS?
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Factor Statistics
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standardized 

difference 

D:

𝐴𝑗:𝑚𝑒𝑎𝑛 𝑜𝑓 𝑓𝑎𝑐𝑡𝑜𝑟 𝑓𝑜𝑟 𝑙𝑎𝑛𝑑𝑠𝑙𝑖𝑑𝑒
ഥ𝐵𝑗: 𝑚𝑒𝑎𝑛 𝑜𝑓 𝑓𝑎𝑐𝑡𝑜𝑟 𝑓𝑜𝑟 𝑁𝑜𝑛 − 𝑙𝑎𝑛𝑑𝑠𝑙𝑖𝑑𝑒

𝑆𝑝𝑗: 𝑝𝑜𝑜𝑙𝑒𝑑 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑗

The larger the standardized difference, 

the more effective the factor

AUC>0.9 as excellent,

0.9 > AUC > 0.8 as good,

0.8 > AUC > 0.7 as fair,

0.7 > AUC > 0.6 as poor,

AUC < 0.6 as very poor

𝐷𝐽 =
𝐴𝑗 − ഥ𝐵𝑗

𝑆𝑝𝑗

AUC : 

Area under curve

ROC  : 

Receiver 

Operating 

Characteristic 

Curve



25

Test Area
沖積層

瑞芳群及其相當地層

野柳群及其相當地層

台地堆積層

水長流層

白冷層

桂竹林層及其相當地層
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Test Area
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Model validation

Confusion matrix 

1 0

1 112126 9407

0 105582 190364

Accuracy = 
𝑇𝑃+𝑇𝑁

𝑇𝑜𝑡𝑎𝑙
= 72.4%

obs
pre

Confusion matrix 

1 0

1 160034 25410

0 57674 174361

obs
pre

Threshold = 0.5 Threshold = 0.3

Accuracy = 
𝑇𝑃+𝑇𝑁

𝑇𝑜𝑡𝑎𝑙
= 80%

Confusion matrix 

1 0

1 TP FP

0 FN TN

TP  : True Positive

TN : True Negative

FP  : False Positive

FN : False Negative

FNR = 
𝐹𝑁

𝑇𝑃+𝐹𝑁
= 26.5%FNR = 

𝐹𝑁

𝑇𝑃+𝐹𝑁
= 48.5%

obs
pre
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MY Pro. Lee



Slope(percentage)
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1.Slope(percentage)

2.Terrain roughness

3.Slope roughness

4.Total curvature

5.Total slope high

6.Arias Intensity

7.Aspect

8.Lithology

Horizontal distance 

Elevation 

difference
Θ

tan 𝜃 =
𝐸𝑙𝑒𝑣𝑎𝑡𝑖𝑜𝑛

𝐻𝑜𝑟𝑖𝑧𝑜𝑛𝑡𝑎𝑙
，𝜃: 𝑠𝑙𝑜𝑝𝑒(𝑑𝑒𝑔𝑟𝑒𝑒)

tan 𝜃 =
𝐸𝑙𝑒𝑣𝑎𝑡𝑖𝑜𝑛

𝐻𝑜𝑟𝑖𝑧𝑜𝑛𝑡𝑎𝑙
× 100%，𝜃: 𝑠𝑙𝑜𝑝𝑒(𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒)

https://desktop.arcgis.com/en/arcmap/latest/tools/3d-analyst-toolbox/how-slope-works.htm
https://desktop.arcgis.com/en/arcmap/latest/tools/3d-analyst-toolbox/how-slope-works.htm


Terrain roughness
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1.Slope(percentage)

2.Terrain roughness

3.Slope roughness

4.Total curvature

5.Total slope high

6.Arias Intensity

7.Aspect

8.Lithology

1. 將DTM資料輸入Imagine，利用
高通濾波將原本屬於低頻的大
區域地勢起伏去除，留下屬於
高頻的地表粗糙度

2. 再利用濾波過後的數值地形使
用既有gmd檔案計算地形粗糙度

3. 並將山稜線Buffer20公尺的區
域，由外而內（山稜線）逐步
削減為0，則完成地形粗糙度的
計算。

High pass

filter

Used a 13 × 13matrix to calculate the 

standard deviation of terrain heights and 

used this standard deviation as the terrain 

roughness.

1 2 3

4 STD 5

6 7 8(Chyi-Tyi Lee,2014)
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MY Pro. Lee

TERRAIN

ROUGHNESS



Slope roughness
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1.Slope(percentage)

2.Terrain roughness

3.Slope roughness

4.Total curvature

5.Total slope high

6.Arias Intensity

7.Aspect

8.Lithology

【簡易說明】

利用計算好的坡度資料，使用
既有gmd檔案計算坡度粗糙度。

Used a 13 × 13matrix to calculate the 

standard deviation of slope and used this 

standard deviation as the terrain 

roughness.

1 2 3

4 STD 5

6 7 8

(Chyi-Tyi Lee,2014)
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Total curvature Total slope height Arias Intensity



Slope



Terrain roughness



Slope roughness



Total slope height



Total curvature



Arias Intensity

D=1.080
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Appendix

AUC (Area under curve)

AUC=1→perfect model (ideal situation)

AUC>0.5 → classification effect of the classifier 

is better than random guessing

AUC=0.5 → classification effect of the classifier 

is the same as that of random guessing

AUC<0.5 → classification effect of the classifier 

is worse than random guessing


