, AL NS
';1‘ *‘ N "‘ !
o Ul ‘ 41
i
L} . ‘) '

. ".ﬁ -';' R N,
2 3: 5'.‘ _-,\: &
e \\ ¢

Vsso Map“i’oro Ch hinese Mainiandc wL,f aine

W o N
\" f‘ ~\1‘ ‘d 6‘:

‘ N, |
'\“S ‘f.f . . j
o - *\\’\

Nh "“. ¢ kot o o N , :
\ . a4 - zhouj@cea-igp.ac.cn
. Qi - 3 zhouyan?ﬂ‘-lﬁ'@wp sina.com

Instltute of Gepphyrlcﬁhma Earthquake Adfr |n|strat|on
25.4.28

- -

- »
- ’t«
- ~s ’ / - »
~ ; "
o &
2
kg o



In China, 30 years of engineering construction have generated abundant borehole-based
I/’s measurements — but how can we make full use of these data?

* Large-scale construction projects over the past 30 years have generated
hundreds of thousands of borehole data.

* Buildings, bridges, microzonation, etc.

Much of the' data
remains in paper .
reports and archives.

High-rise
N

L

Ongoing data

Collected > 3,000 reports, collection and model
including data > 20,000 boreholes. updating.
>
1998 2007 2018 2022 2025
The related engineering Developed database,
and microzonation model, and /530 maps

projects span > 20 years. for Chinese mainland



We digitized over 10,000 site profile from engineering and microzonation projects.

* We digitized 14,214 borehole profiles from engineering and microzonation projects.

* These profiles cover all provinces of Chinese mainland and over 200 major cities.

* Beyond Vs profiles, these profiles also include geotechnical soil/rock types, geological age, and
depositional environment information.

* 53% of the profiles extend beyond 30 meters, and 7% reach depths greater than 100 meters.
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We also collected site /s profiles from seismic stations.

* We have collected borehole-measured site * We are conducting borehole measurements at 602 seismic
profiles from 1,500 strong-motion stations stations in the mountainous regions of Sichuan and Yunnan,
within China's Earthquake Early Warning System. as part of the Seismic Experimental Site Project (2022-2027).
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We developed a site profile database and a data platform

Structured SQL database format instead of
flat file storage

BH Infor Tables BHINFO: RKGEOT:
GEOTID | PRDLB
GEOTCD | PRDNM
BH Profile Tables BHID RP50 EonIE EEGIE
MRMTINFO: BHNM RP100 HRBES
: EONNM | EPCNMEN
Report Tables MM RPTID RP500 BHIN GEOTID | [ERALB | EPCNMCN
MRMTTYPE MRMTID RP700 = TRANM
o MRNITCD DETECTOR RP1000
Organization RKNMID
Tabl MRMTNM TESTER RP1500 GEDTIDL
anles [ONG RP2500 SLFACIES:
T&TT RP3000 BHID GEOTID2 SLFAID SLFAID SLFALB
TONG RP5000 m&l SLFACD | SLFANM
: MRMTID
INFATP: LATI RP10000 RKNMID
INFATPID —— RKNM:
INFATPCD INFATYID
INFRTPNML | ] PRTID RKNMID RENMLVLZCN
INFATPNM2 RKNMCD RKNMLVLZEN
INFATPNM3 RETNO: ERIONGS RKNMCDGB | RKNMLVLSCN
PRTID [PTIE b|| @E D RKNMLVLICN | RKNMLVL3EN
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TR RPTNM | RPTCSRORGID | INFATPID RESTYPE
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The data platform enables real-
time integration of borehole data

from field surveys into the

database, with dynamic display on
a map interface.

< Site Data Colloction

BoreHole ID; EY001
Sution Num: EY00L

Long, Lati.: 1003264° E, 25 6834°N
Admin Dali. YonNan, China

Survey Lang,, Lati.

1003264

Survey Admin.

Alitude

* Geological age, depositional environment, and other
textual information were encoded to enable numerical
analysis and comparison.
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We developed a cokriging-based /530 proxy model (SCK model)

Lo

* We proposed a /530 proxy model e e
. | o TN
based on the cokriging method “l g Semi-Variogram of Ve,
0.2 4.)” ----- Fit: 07=0.848,0-0.277,a=100
(SCK model). Vsso Layer T e v
* The model estimates /530 using T
0.3 .._%fé&foébﬁ’...;’---g C S . . f
nearby measurement data as wf g ° e Cross-Semivariogram o
. : 01 ] o 2o V530 and Topographic Slope
constraints and topographic slope | 5 moameman
_ Topographic Slope O e e 1 200 300
as a secondary variable. Layer
o &9?‘%3;@:%96%‘%&'@ i Semi-Variogram of
o1s R Topographic Slope
R S
SCK USGS topographic slope ShakeMap
RMSE = 0.076 Yong et alVaRAZAIllen 2007) Thompson et al. 2014
0.3 4 Mean log error SCK
=-0.003 RMSE =R/E4= 0.153 RMSE =ROBED= 0.129 RMSE = 0.148 RMSERMGD850.248
Bias = -6.8m/s 2 a2 aal = . { Mean1 =+0.019 YEA12 =40.03.2 4, ] — 0
02 RMSE - 0076 £ 03 208 Tmnoneim 00 VAR im0t YRR o g 08 T ot ™ TR
g g RMSE =10.153 RMSE =0.129 =0.148 b RMSE = 0.085
= 0249 = 0.2 4 e = 0.2
0.1+ I3 :
%0.1-%0.1- 1 %0.1-
| , H - ‘M iﬂh ‘I E
V-4 - 7, V4 T T I—
-1.0 05 0.0 0.5 1.0 1. 10 -5 00 05 10-1.0 05 00 05 1005 0.0 40 05 00 05 10 10

log (measured Vg3g/estimated Vgs3()
Zhou, J. et al., 2022. https://doi.org/10.1785/0120210227



We validated the SCK model using borehole data from other regions.

Sichuan, China
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Using the SCK model, we developed /530 Maps for Chinese mainland and other regions

Turkiye

VS30 MAP FOR
| REPUBLIC OF ARMENIA

e 7,797 /530 measurements

* Covers most regions of Chinese mainland
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In 2024, we refined the SCK model. Where no measurements are available, the model output
becomes entirely controlled by topographic slope.

/530 Topographic Slope I/530 -Topographic Slope

Emphasized the influence of surrounding e “‘f”‘a TEL a0
terrain on /530; : i £ s

| LT B
Ensured azimuth coverage when selecting X ! e
neighboring /530 measurements: B == E A

. = oo | 0.0
Expanded the model's calculation range. 3 964'5‘,,1 - “6s 00 05 10

Transformed Topographic Slope

Consider surrounding slope values rather than the value at a single point.

The V530 in the plain is lower than that  The I/s30 in the plain is similar to that
in the mountain front and basin. of the mountain front and basin.

Similar topographic slope values
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/530 map for Chinese mainland - 2024 version

Based on the refined SCK model

7,797 /530 measurements, plus 142
from strong-motion stations

30 arcsec resolution (~900 m)

Covering all regions of Chinese
mainland

300°N © )

SHeC Y

The map data can be downloaded at:
I https://seismisite.net/index_en.html

Zhou, J. et al., 2024. https://doi.org/10.1785/0120240104



Incorporating geological age and depositional environment
as new parameters to build a hybrid model

* 1:1,500,000-scale geology map
* 19 classes based on surface geological age and depositional environment.

* Considered sample bias from preferential sampling within each class.

China Geology Map

PRARAAEAWEA 7

1:1 500 000




Consider preferential sampling bias when estimating the mean and std of /530

Preferential sampling occurs when certain values are more likely to be sampled than others.
Flat terrains are often over-sampled, while mountainous regions are under-sampled.

* This bias cannot be detected solely from the spatial distribution of samples.

We proposed a method to mitigate preferential sampling bias using a secondary parameter.
Preliminary (unpublished)
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zhou et al., 2024. https://doi.org/10.1785/0220230376




summary

We digitized over 14,214 V/s30 measurements across Chinese mainland.

We developed a cokriging-based /530 proxy model (SCK model) in 2022 and refined it in 2024.

We produced a V/s30 map for Chinese mainland using the SCK model and 7,797 /530 measurements.
We updated the map in 2024 using the refined SCK model and 7,939 /530 measurements.

We are incorporating geological age and depositional environment as new parameters to build a hybrid
I’s30 model and develop the next version of the /530 map for Chinese mainland.

We addressed preferential sampling bias and proposed a secondary-parameter-based debiasing method.
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