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1 = Introduction




i Statistical seismic landslide hazard analysis:

P My tar ge T An example from Taiwan
b (Chyi-Tyi Lee,2014)

Case : CHI-CHI earthquake @jg

Use same factor and case to get

Construct a Logistic regression :
J J the same result with Pro. Lee

model to draw susceptibility map

[
ENGINEERING
GEOLOGY

Contents lists available at ScienceDirect

Engineering Geology

= @@ Eodtor

Statistical seismic landslide hazard analysis: An example from Taiwan @mm
Chyi-Tyi Lee *

Graduate Institute of Applied Geology, National Central University, No. 300, Jhongda Rd., Jhongli City, Taoyuan County 32001, Taiwan
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ARTICLE INFO ABSTRACT

Aticle histary. Following the work of Lee et al. (2008a), a statistical approach is applied to seismic landslide hazard analysis for
Accepted 28 July 2014 the whole of Taiwan. All the work is done using new data sets, which include a new and carefully mapped Chi-Chi
S atle onling. 13 At 014 earthquake-induced landslide inventory, a 5-m DEM. and a new version of the 1:50,000-scale geologic map of
— Taiwan. Landslide causative factors used in the susceptibility analysis include the slope gradient, slope aspect,

terrain roughness, slope roughness, total curvature, total slope height, and lithology. The corrected Arias intensity

taking topographic amplification into consideration is used as a triggering factor. 3

Landslide susceptibility Firstly, a susceptibility model is built using the 1999 Chi-Chi shallow landslides as a training data set and
Landslide hazard multivariate logistic regression as the analytical tool. This model is validated by using the 1998 Jueili
Earthquake-induced landslides earthquake-induced landslide data. Then, a probability-of-failure curve is established by comparing the Chi-Chi
Arias intensity landslide data and the susceptibility values, after which the spatial probability of landslide occurrence is

drawn. The temporal probability may be accounted for with the triggering factor (the hazard level of the Arias

. Slope roughness . Aspect
. Total curvature . Lithology

intensity), which was obtained through regular probabilistic seismic hazard analysis. Finally, the susceptibility
model and the probability-of-failure curve are applied to the whole of Taiwan using the topographically corrected
475-year Arias intensity as a triggering factor to complete a seismic shallow-landslide probability map for
ground-motions having a 475-year return period.

© 2014 Elsevier BV. All rights reserved.
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@@ Logistic Regression
aqy: constant intercept
a:weight of factor

n
Nt kZ Qe X Xy:the value of factor susceptibility = 14+ eY

n : number of factor
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Find a line that distinguishes two groups
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@@ Logistic Regression

EX ' logistic regression model:

y=3x1 — Xy — 2
PointA:x;=2,x,=3 -y=1
Susceptibility A : Sus = 0.73
PointB:x; =1,x, =1 -y=0
Susceptibility B : Sus = 0.5

PointC:x; =-1,x,=—4 - y=-1
Susceptibility C : Sus = 0.27

n
Y= ao"‘zakxk
k=1

aq: constant intercept
ay:weight of factor
Xy the value of factor
n : number of factor

ey

susceptibility = FEgaces:







@ Tralning data select

Important thing for Non-Landslide data

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

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 Intensit
@@ y

Tq

T

Li—— 1 a(tdt
291,

g : Acceleration of Gravity
T, : duration of signal
a : earthquake acceleration

Calculate the earthquake acceleration
In the horizontal direction and take
the geometric mean  (chyi-Tyi Lee,2014)

I=.Iysx*Ipy

TCUO75

Acceleration(g)

Z-Com ponent



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

@@ AUC(Area Under Curve)
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Logistic Regression model ROC curve

0.4 0.6
True Positive Rate

ROC :
Receiver Operating
Characteristic Curve

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
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4 = Result




Example data Logistic
* NLS LS e regression line
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M ffici
@@ odel coefficient

L1 L2 L3 L4 L5 L6 LY Al A2 A3 A4
-0.273 0068 0395 @ 0.674 0 -1.396 -0.341 -0802 -0.139 0.260 0.472
A5 A6 A7 A8 F1 F2 F3 F4 F5 F6 @
0.428 0 -0.345 -096 0.7/82 0393 0198 0.129 0.263 0914 -0.874

Lithology : Aspect : Factor:
Ly: Ter?"ace deposit.s A;:N  Ac:S E;: Slope gradient
L,: Pleistocene series A,: NE  Ag: SW F,: Terrain roughness
Ls: Pliocene :5'6'”5'5 : A:E AW F5: Slope roughness
Ly: Upper Miocene Series AyiSE Ag: NW F,: Total curvature
Ls: Lower Miocene Series Ch Fs: Total slope height
Lg: Slate 31?0’ schist . Intercept F,: Arias intensity
L-: Quartzite and other hard rocks 15




@@ Model AUC AUC>0.9 as excellent,
0.9> AUC > 0.8 as good,
Logistic Regression model ROC curve 0.8 > AUC > 0.7 as fair,
0.7>AUC > 0.6 as poor,
AUC<0.6 as very poor
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o Susceptibility Map TR
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5 . Conclusion
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Can roughly find where the
landslide is

The AUC of this model is
0.898

Logistic Regression model ROC curve

= ROC{area=0.893)
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6 = Future Work




Convert it into automatically
%, analysis and post on the website

Future Work
%

It will not trigger landslide before earthquake occurred

susceptibility model
2.7000 T T T T
; SR N G - AP BN
2.6975 L M e S
AL v - - : A

When Arias Intensity =0,
susceptibility should Approach to 0

2.6950 4=

2.6925

Turn coefficients into functions of Al B

Original: New 2.6875 1R &3
= : £1 2.6850 -
— 2.6825
Yeite f(AI) 2.6800 +
240000
X Al : Arias Intensity When Arias Intensity =0
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Thank you for
listening

ANY QUESTIONS?
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Factor Statistics
%

Frequency distribution

standardized

S .

= difference

o D: SR
2 - A — B
5 Dy =

7 Spj

50 100 150 200 250

Aj:mean of factor for landslide
Ej: mean of factor for Non — landslide
Spjipooled standard deviation of j

The larger the standardized difference,
the more effective the factor

- Success rate

ROC :
Receiver
Operating
Characteristic
Curve

0 02 04 06 08
Portion of Area

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
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@@ Model validation

Threshold = 0.5

Confusion matrix

pre

TP : True Positive

obs
1 0 TN : True Negative

1

TP | FP | FP : False Positive

0

FN : False Negative
FN | TN

Confusion matrix

pre obs 1 0

1 112126 | 9407

0 105582 | 190364

TP+TN

Total
EN

TP+FN

Accuracy = =72.4%

FNR = = 48.5%

Threshold = 0.3

Confusion matrix
pre obs 1 0

1 160034 | 25410

0 57674 | 174361

TP+TN

Total
EN

TP+FEN

Accuracy = = 80%

FNR = = 26.5%
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4.Total curvature 7 .Aspect

{é‘}'{é} Slope ( percentage) 2.Terrain roughness 5.Total slope high 8.Lithology

3.Slope roughness 6.Arias Intensity
#. Slope (3D Analyst) (Tool)

Elevation
difference i) :
® o B
kol 0 Value
Horizontal distance 0. .857%
Elevation
tan @ = FoiEaussrRe + B:slope(degree) 5 j I
tanf = cbitiedis X 100% - 6:slope(percentage) "
Horizontal 01020 40 60 &0

O e wmmm Kilometers
29



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

@@ Terralin roughness
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Used a 13 x 13matrix to calculate the
standard deviation of terrain heights and
used this standard deviation as the terrain

roughness. (Chyi-Tyi Lee, 2014)
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1.Slope(percentage) 4.Total curvature 7 .Aspect

5.Total slope high

8.Lithology

3.Slope roughness 6.Arias Intensity
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TERRAIN
ROUGHNESS

3009. 29m

mw meesw— mmmmm Kilometers




1.Slope(percentage) 4.Total curvature 7 .Aspect

{é‘}'{é} Slope r‘oughness 2.Terrain roughness 5.Total slope high 8.Lithology

6.Arias Intensity

[ %#p]
I r 2 E g BT ¥
ZFendih R BB R KER -

Used a 13 x 13matrix to calculate the
standard deviation of slope and used this
standard deviation as the terrain

roughness. (Chyi-Tyi Lee, 2014)
11 2 13
4 5
6 1 7] 8 01020 40 60 80
= w meesw s Kilometers

32




0 10 20 40 60 80
m = meeew  mmmm Kilometers

Pro. Lee
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Total curvature

Total slope height

E290000m

Arias Intensity
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Terrain roughness

Terrain Roughness ROC curve
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Slope roughness
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Total slope height

Total slope height ROC curve
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Total curvature
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Arias Intensity
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Arias Intensity

False Positive Rate
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Appendix

AUC (Area under curve)

Random Forest ROC 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
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AUC<0.5 — classification effect of the classifier
Is worse than random guessing
00 — ROC curve (AUC Score = 0.869; Test Acc = 0.870)

0.0 02 04 06 08 L0
False Positive Rate




