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XGBoost and Its Implementation in Seismic Hazard Assessment
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Flatfile Dataset Apply in Hazard Assessment

WO rkﬂOW (SSHAC level 3 (OpenQuake)

Standard Deviation

* Choose crustal events l Data Preprocess Sl ni s

 Filter unuseful periods

Distance Scaling

Check GMM results
° Rrup * Mw ~ Vs30 ~ Focal « Features Choose
type ~ Station ID ‘[ Residual Analysis
° Oversampling Data Synthesize Is 1t overfitting? Response Spectrum
« (SMOGN)

* Undersampling

| cross vaildation I

l test dataset

Build ML model in PGA SA periods

* Build model for each SA periods

Is score better?

Y

(SVR, RF, XGB, GBRT, ADB)

* Compare their performance

check R? score & MSE
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« TWSSHAC dataset
e TSMIP network records

* Crustal earthquake event

TSMIP Station id located
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Reference: https://sshac.ncree.org.tw/



Data Preprocess

* Include over / under sampling

 Make dataset more balance

» Take synthesized dataset as training

Take PGA dataset as example P

Reference: Branco et al., 2017
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Ground Motion Model Input parameters : Rrup ~ Mw ~ Vs30 + Focal type ~ Station ID

100th decision tree - TSMIP SMOGN data

Y.

4.3'5? : :3.271 e XGBoost model

InRrup

* Decision tree based algorithm

* Boosting based algorithm
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Predicted In(PGA)(cm/s"2)

Residual In(PGA)(cm/s"2)

Measured Predicted Distribution
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Model Validation - Residual

Take PGA model as example

Check 1f model have some bias

* Compare result in different features



Residual In(PGA)(cm/s"2)

Model Validation — Inter-event, Intra-event .
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Check the inter-event residual

* Check the intra-event residual
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Model Validation —

Distance Scaling

* Compare with other GMMs

M,_ =7.65, Vs, = 360m/s, Fault=REV

M, =7.65, Vs, = 360m/s, Fault=REV

* Average all station id in same condition

* Compare with different magnitude
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PSA(qg)

Model Validation — Respond Spectrum for Engineering

Mw = 7.65, Rrup = 40km, Vs30 = 360m/s

Fault type = REV, Rrup = 40km, Vs30 = 360m/s
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Explainable AI —

SHAP tool

Ref : Lundberg and Lee, 2017
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SHAP Framework — Global Explanation !“ii ShOp

Order by importance

 Check predictions by ML model lanp .
* Check the feature importance W
Station 1D
* Explain model in global component
lnvssn lower higher
Rake Feature Value
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SHAP value (impact on model output)
(a) global explanation .



SHAP Framework — Local Explanation

Take Chi-Chi earthquake and CHY 004 station as example
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calculate share explore

Application to Hazard Assessment — @\ @Q
Op ellQllake { ool (fork from og-engine) p E&Iﬁﬁ‘{&

This study Measured Residual




Conclusions

The XGBoost model can perform well in the ground motion model question.

Take advantage of residual or another statistical figure to make sure 1t would not have bias.

Explain ML base mode by SHAP value to understand model details.

Apply in the open source platform — OpenQuake to ensure our model is usable.

Connect with me to discuss more study details~ Email : t1616joy@yahoo.com.tw ; Name : Chih-Yu Chang
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Optimize Hyperparameters ©

Reference: Takuya Akiba et al,. 2019 P
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Vs30 - Station ID = SHAP value residual

Vs30 SHAP value Station_ID SHAP value TSMIP Station ID vs Vs30 SHAP value

residu

25.5
o o ) .u‘ ) ""
25.0 1 ‘o&' .“3' 3.7 “".-0‘:0' Sge 3.8 E “‘.‘&.o“ S
e ® o ° ‘. o ) . :o * o
PR | P | P {
00 0 oe o ¢ 3 6 ...‘ ikl ¢ ¢ 000 o ¢
24.5 A I.: o. ° '. '..o.' @ " . '.... . '.
(4
,é‘:f . LUt 35 225° . LUt 3.6 Py . LUt
> @ o (0] * & @ o (0] 0~£’ *® o ‘
24.0 A .5.3. .$.; [ . @ ° 2 .~.=. .‘.; ° o ® ° E 1 ..~.O. ?: ° .‘ ° ...
L O A 9 34C ety o8 3.’ G L A ¢
o..: 0..".. .f.o : . ...: o..:.. .f.o 34 ; . . Se. S
2354 ° ®e® el ° e 0l o < e® el ° ¢
& .o: .‘.' 3.3§ & i oy ..t.‘ T e . % % &
.of.o &% © .0. ...f.o &% ° 0 s ...{..03. ° . = e
o ol o o ° . ° (9] 0° et o o *es : %2] 0. o S s s
° ° ° ° )
23.0 1 '.:;.; :'. . ..’.~ 3.2 ..'.; 0.'. . 3. o 3.2 B :;o; .t la 10.:’.\
° °
¥, s 8° .3;. ¥, s 8° ..' ’*. g 8° s
22.5 o ‘ 31 ®.5. . - ot
2 3 .. . 3 - R 30 c. °
° 3.0 .. ° o. °
° ° i P
22.0 - 22 e S
119.5  120.0 1205 121.0 121.5 122.0 119.5 120.0 1205 121.0 121.5 122.0 1195 1200 12°-|5 _12;-0 1215 1220
longitude longitude ongitude

16



	投影片編號 1
	投影片編號 2
	投影片編號 3
	投影片編號 4
	投影片編號 5
	投影片編號 6
	投影片編號 7
	投影片編號 8
	投影片編號 9
	投影片編號 10
	投影片編號 11
	投影片編號 12
	投影片編號 13
	投影片編號 14
	投影片編號 15
	Vs30 - Station ID =  SHAP value residual 

