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Abstract The development of site parameter Vg, estimation method based on surface terrain
features has become a hot topic because of its numerous application demands. The DEM data and
engineering boreholes collected from Xinjiang Uygur Autonomous Region and Hebei Province are
used to validate whether the Vg, estimation method based on decision tree theory considering
terrain features is applicable to China, and testify its accuracy in Vg, prediction and sensitivity to
DEM data resolution. The following conclusions are drawn: (1) Based on the decision tree theory
both regions are classified as 16 types of terrain categories by means of three terrain features,
i. e. , topographic slope, surface texture and local convexity, and the Vg, prediction models are
developed considering proxies of these three terrain features; (2) It is validated that the Vg,

estimation method based on decision tree theory considering terrain features has universal
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application, but is regionally dependent and calls for developing Vg, prediction models separately;

(3) It has been observed that the accuracy of Vs, prediction is improved after introducing two

terrain features (i. e. , surface texture and local convexity) on the basis of topographic slope; (4)

Terrain classification is sensitive to DEM data resolution, and high-resolution data is more appropriate

for steep mountain areas, while low-resolution data results in more detailed classifications in plain

areas. In comparison, the 900m-resolution DEM data is relatively more practical for terrain-proxy

methods in Vg, prediction. The proposed models and methods in this study could support for

developing an effective technical approach for the development of regional site classification maps

in China.
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Fig.2 A schematic diagram of the principle of dichotomy considering three level of thresholds (the dashed box indicates

that the category determined in this step is the same as the previous step) (Iwahashi and Pike, 2007)
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Table 1 The relationship between shear wave velocity Vg3, and slope
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Fig. 7 Thresholds of three terrain features based on 900m-resolution (a) and 90m-resolution (b) DEM data respectively
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Fig. 8 The terrain classification maps of Xinjiang and Hebei based on three terrain features ((a) Xinjiang, (b) Hebei)

and comparisions with the geomorphological classification maps ((¢) Xinjiang (Cheng et al. , 2009), (d) Beijing-Tianjin-Hebei
(Zhao et al. , 2016))
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Fig. 9 The numbers of boreholes corresponding to 16 terrain categories in Xinjiang and

Hebei regions classifed using 900m-resolution and 90m-resolution DEM data
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Fig. 10 (a) Comparisons of the best prediction values of

Vs for 16 terrain categories in Xinjiang and Hebei given

by this study with the results of Yong et al. , (2012) and

(b) relative deviations between them
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Comparison of Vg, prediction results using two prediction models in Xinjiang

(a) V¢ determined by means of only topographic slope; (b) V& determined by means of three terrain features.
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Fig. 12 Comparison of Vg, prediction results using two prediction models in Hebei

(a) V&, determined by means of only topographic slope; (b) V.

pre

&0 determined by means of three terrain features.
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Fig. 13 The classification map in Hebei based on 90m-resolution DEM data and comparision between

its local zoom-in results and those given based on 900m-resolution DEM data



2 S T 4 T DR SR 25 L TR R IE 1 3 3 2 Al O ik 709

AR B AL BRI T — b 3 T R R AE 1 37 2 8
Voo fli 1177 12 72 30 [ 10 38 P A6 56 2% 18 2 3 B
AR SR & A X Vo 10 T0000 o 8 VA P 42 7, JF
X DEM %4 i 8508k BEAT T 0 M, 32 %8 AR B 4
WHR

L) T T 488 R0 0T b Hhy DX 38 T MR B B e —
FRAE B Voo IO ASETRY 5 1) P 2 5 8 26 25 R 3t 1 B
JE 2% T SC3HUFR JRy 5 o BE = 0 R AE R A T A
HLIX 16 2EHIE 300 . 5 C A U5 AT L8R W R )
14 3t T 80 75 2 18] 43 A B 5 b 30 43 A i 35A0 — 2L
TESL LAl b Sy T3 F =B KR AE 1Y Vi, T
B

(2) LRAE T W A b DX T = 300 2 R AR 1 Visso
T AR TR L Ke S ] i M DX ) 0 A AR 25 S B R
M S Vo TN K 22 55 W1 W, (H = A 3 X 11
A A O — B0, Ul Bk T SRR B e 2 R =
HOTE AR (8 Voo £l 11 J7 1 B A 8 3 5 T4 (H [R] i
FEAE DR PE 5 200 X 7 Y Vs, T
FORL,

(3) ) T 196 e o 3000 A58 3 %of 7 1t IXC ) Vo HEAT
it Lo B PO AE 5 5 00/ 5% 22 1 2408 5 A fE 22
R T 2T S0 B F Ry R I b JE R AR
Jei o % Vs TUIN 1 o 8 16 A7 B 42 71, R W Ik 5 2 30
i T 5 E T Xof 3% R BY D) AT B A Y AR R
fEH.

(D73 #r T DEM ¥4 4 B2 X 8 73 2K 45 51 1Y
L o DAYAT b 1 XA 9] K B X sk P ) P o R R
0T BE U 1 1L bk b 1X K] 43 AT RE B Ry AN T ARORS
B4 D0 BB A8 X1 3H Y 1 Tt X 3R A] BB B Dy 78 4
R R NATH H A 0 S AR A 1 S5 L A v AR
b DX & 37 3t 2 B A 1 58 2 B S R S HE R D
900 m K HE i) DEM 4 AH x4 oh 52 .

T UL 3 T B FRIE X 4 Vs, 4T
T 2 A7 A RS W 7 PR Y A TR e = Al L8R o 1
ZAF R B X AN X BRI 43 37 2 ) R A S
B I o 5K I D AT ATk 4% R A L R Ok AT AR 4R
TSRS i M Ty T — 2D T R B AR
Brigt ok b R B AE M 3 S R OHE = Cheep: /
www. gscloud. en/) F AL 90 m #5 & DEM %k
5 LA S WebGIS $2 45 1) 900 m # B () DEM %4
(http: // www. webgis. com/srtm30. html). B
S T R 27 R 1 = RIS 2045 2R e R 2 25 AR E 9 0 )
T R AW T4 i 5 S

References

Allen T 1, Wald D J. 2009. On the use of high-resolution topographic
data as a proxy for seismic site conditions (Vs3). Bulletin of
the Seismological Society of America, 99(2A): 935-943.

Boore D M, Joyner W B, Fumal T E. 1997. Equations for estimating
horizontal response spectra and peak acceleration from western
North American earthquakes: A summary of recent work.
Seismological Research Letters, 68(1) . 128-153.

Chen K, Yu Y X, Gao M T. 2010. Research on ShakeMap system
in terms of the site effect. FEarthquake Research in China (in
Chinese) , 26(1): 92-102.

Chen X L, Gao M T, Yu Y X, et al. 2014. Applicability of
topographic slope method for seismic site soil classification of
Yuxi-Jiangchuan-Tonghai-Basin in China. Earthquake Engineering
and Engineering Dynamics (in Chinese), 34(S1): 146-152.

Cheng W M, Chai H X, Zhou C H, et al. 2009. The spatial
distribution patterns of digital geomorphology in Xinjiang.
Geographical Research (in Chinese), 28(5): 1157-1169.

Dobry R, Borcherdt R D, Crouse C B, et al. 2000. New site coefficients
and site classification system used in recent building seismic code
provisions. Earthquake Spectra, 16(1) . 41-67.

Fu L, Li X J. 2017. The kappa (k) model of the Longmenshan
region and its application to simulation of strong ground-motion
by the Wenchuan Ms8. 0 earthquake. Chinese Journal of Geophysics
(in Chinese) , 60(8): 2935-2947, doi: 10. 6038/cjg20170803.

Fumal T E, Tinsley J C. 1985. Mapping shear-wave velocities of
near-surface geologic materials. Evaluating earthquake hazards
in the Los Angeles region—An earth-science perspective.
Dallas, U. S. Geological Survey, 127-150.

Iwahashi J, Kamiya I. 1995. Landform classification using digital
elevation model by the skills of image processing-mainly using
the Digital National Land Information. Geoinformatics, 6(2):
97-108.

Iwahashi J, Watanabe S, Furuya T. 2001. Landform analysis of
slope movements using DEM in Higashikubiki area, Japan.
Computers & Geosciences, 27(7): 851-865. (in Japanese with
English abstract)

Iwahashi J, Pike R J. 2007. Automated classifications of topography
from DEMs by an unsupervised nested-means algorithm and a
three-part geometric signature. Geomorphology, 86(3-4): 409~
440.

Kang C C. 2017. Topographic slope as a proxy for site category in
Sichuan Area [ Master's thesis] (in Chinese). Beijing: Institute
of Geophysics China Earthquake Administration.

Lemoine A, Douglas J, Cotton F. 2012. Testing the applicability of
correlations between topographic slope and Vs for Europe.
Bulletin of the Seismological Society of America, 102 (6)
2585-2599.

LiCC, LiZY, Yuan X M. 2020. Simplified prediction method for

regional seismic soil liquefaction. Chinese Journal of Geophysics ( in



710 H Bk ¥ B % R (Chinese J. Geophys. ) 65 ¥

Chinese) , 63(5): 2084-2095, doi: 10. 6038/ cjg2020N0052.

Li X J, Jing B B, Liu C, et al. 2019. Site classification method
based on geomorphological and geological characteristics and its
application in China. Bulletin of the Seismological Society of
America, 109(5); 1843-1854.

Pike R J. 1988. The geometric signature: quantifying landslide-terrain
types from digital elevation models. Mathematical Geology , 20
(5): 491-511.

Qi W H, Wang Z Q. Bo J S, et al. 2020. Study on earthquake
disaster distribution and site response of Hanyuan abnormal
intensity during the Wenchuan earthquake. Journal of Harbin
Engineering University (in Chinese), 41(3): 383-389.

Seyhan E, Stewart ] P, Ancheta T D, et al. 2014. NGA-West2 site
database. Earthquake Spectra, 30(3): 1007-1024.

Shao D, Sun Z, Tian Q H. 2018. Estimate V3 base on drill data
and DEM in Baoji area. Seismological and Geomagnetic Observation
and Research (in Chinese), 39(1). 117-122.

Shi D C. 2013. Study on ground motion amplification of regional site
and amplification| Ph. D. thesis| (in Chinese). Harbin: Institute of
Engineering Mechanics, China Earthquake Administration.

Wald D J, Allen T 1. 2007. Topographic slope as a proxy for seismic
site conditions and amplification. Bulletin of the Seismological
Society of America, 97(5): 1379-1395.

Wang W C, YinZ W, SuX Y, etal. 2020. Characteristics of strong
ground motion of the 2018 Ninggiang M5. 3 earthquake in Shaanxi
province and local site response analysis. China Earthquake
Engineering Journal (in Chinese), 42(6): 1700-1705.

Wills C J, Silva W. 1998. Shear-wave velocity characteristics of
geologic units in California. Earthquake Spectra, 14(3): 533-556.
Yong A, Hough S E, Iwahashi J, et al. 2012. A terrain-based site
conditions map of California with implications for the contiguous
United States. Bulletin of the Seismological Society of America ,
102(1) . 114-128.

Zafarani H, Jafarian Y, Eskandarinejad A, et al. 2020. Seismic

hazard analysis and local site effect of the 2017 Mw7. 3 Sarpol-e

Zahab, Iran, earthquake. Natural Hazards, 103(2): 1783-
1805.

Zhao M, Cheng W M, Huang K. et al. 2016. Research on land
cover change in Beijing-Tianjin-Hebei region during the last 10
Years based on different geomorphic units. Journal of Natural

Resources (in Chinese), 31(2): 252-264.

Bt i 32 5 % STk

R R, B, AT SRR 2014, IR Y B TE IR
V)@ 7 i 38 I PEAF 8. MR TR S TRk, 34
(S1): 146-152.

FREE, AT S AE, M. 2010. % B3 AL 1) ShakeMap F 4 F
78, FEME, 26(1) . 92-102.

TRLEW], SEECET, RS, 2009, BT LA A 0] A6 A% R AT, M
PRBFSE . 28(5): 1157-1169

&, 25/N%. 2017, JelT 1L X (Y kappa (ko) BB K 50 1] Ms8. 0
iR (50 RS SR, M ER A HE AR, 60(8) : 2935-2947, doi:
10. 6038/¢jg20170803.

JUNNLL 2017, S d HB 3 EEAS 10U )1 45 3 M 26 3B L 138 3 . b
ot o AR R M sk ) R 5

AR, 2K A%, EREL. 2020, XISt e AR AL U R AL . ML
BRYPEAR . 63(5): 2084-2095, doi: 10. 6038/ cjg2020N0052

FocuE . EARE . WiELg. 2020, WM ENEEIREESGS
Gy SN A3 BT, W IR AR R 244, 41(3) : 383-389.

WP, PhE, HEh PR, 2018, Bk A B FL TR K R B A 55 50
X Vigo. HuZ MBI 5858, 39(1): 117-122.

SRR 2013, X33 3t 7R 2 OB 9 B L 3], v
IR v E R R TR ) SR T

FEICA, FREIC H/NZESE. 20200 2018 AERRTG TR 5. 3 FHLE R
L THT A2 Bl 5 AE B JRy B 37 b 800 43 . bR AR AR, 42(6)
1700-1705.

B, FRAENT, BEAE. 2016, LT Hb SR AR 0 A TSN 10a £
M AT SE. AR, 31(2) : 252-264.

ORICHE TR



