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Seismic disaster loss risk assessment for southeastern Tibet based

on 3D image pattern recognition

LI Changlong. LI ZongChao, LU HongShan, GAO MengTan

Institute of Geophysics, China Earthquake Administration, Beijing 100081, China

Abstract  This paper investigated the numbers, types, and vulnerability of the buildings in
Southeastern Tibet and built pattern classes for difference types of buildings. Then we assessed
the distribution of each type of buildings in every town based on 3D image pattern recognition,
and made an event-based and a 50-year hazard-based seismic risk assessment for the towns in
Southeastern Tibet. Our study indicated that if an M7.5 earthquake happened in Qusong-Sangri,
it may cause serious casualties in Lhasa and Shannan area. The town of Qusong and Naidong may
have the most casualties. Areas with the highest seismic risk are urban areas of Lhasa and
Nyingchi and Cuona Town, and urban Lhasa has the highest seismic risk of building structural
economic losses.
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Fig.1 Study area, and the shaded areas have building image data
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Fig. 2 Population of the towns in Southeastern Tibet (Data from the 6™ National Census of China)
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Fig. 3 Numbers of rural households in each town
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Table 1 Numbers of urban and rural households in each town

Hiy 17 X5 FE Fopr A H WA A VRPN SR AT E
WK IX 66316 279074 233189 45885 55414 10902
HE e 18 PR X 9340 52249 6249 46000 1117 8223
B 9132 70000 3752 66248 489 8643
4 L 7116 46463 2411 44052 369 6747
P g
Je AR 5069 34044 1770 32274 264 4805
iR e= 6676 31860 1657 30203 347 6329
kTR 5422 29152 1516 27636 282 5140
BT RE 7634 44674 2323 42351 397 7237
Ty AR X 15783 63111 41079 22032 10273 5510
LR 7107 40000 1520 48480 269 6838
T L 9411 50000 4000 46000 753 8658
FZHHA 4409 17261 653 16608 167 4242
Bk 4057 18807 711 17096 153 3904
s B 3750 16309 1882 14427 433 3317
1L R T
LR 3222 14000 529 13471 122 3100
LA 4439 20000 756 19344 168 4271
s B 6851 21608 817 20791 259 6592
BT H 7895 35248 1332 33916 298 7597
FEAR 4148 15277 577 14700 157 3991
RETFH 6583 34767 1314 33453 249 6334
B R X 11187 67000 50205 16795 8382 2805
TATIR R 7356 27532 2203 25329 588 6768
KR E 4345 23000 6100 16900 1152 3193
T BRI AL 1789 14040 3265 10775 416 1373
W% H 5489 31000 7130 23870 1262 4227
£ 1R 4951 32449 7425 25024 1133 3818
[HiRaS 3537 15037 1248 13789 294 3243
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Table 2 Building numbers counted by pattern
recognition and by artificial counting

KA BA 1 M2 A3 M4
X o M o M o KA 4
Public
AL 0 AL 0 AL 0 AL 4
. B 2 gl 3 X 12 #0030
rivate
AT 2 AT 1 AT 11 AT 30
o B 1 M 1 M 2 g 2
ANL 1 AT 1 AL 2 AL 2
B 16 Ml 22 Bl 50 A o
Wood
AT 17 AT 24 AT 4 AT 0
i 95% 96.2% 88. 2% 100%
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Fig. 4 Typical images of the four building types
(a) Public; (b) New-built Private; (¢) Old; (d) Wood. Data source: Earthquake Insurance Group

of Institute of Geophysics. China Earthquake Administration.
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Table 3 Building number sampling areas
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Table 4 Numbers and proportion of buildings at sampling points

A B NER H &P 0P KREEH AW AEGE BRG] REH )
PLgE AT IR S 122 14 56 52 0 11.48% 15.90% 12.62% 0.00%
ik B A9 S 456 283 118 55 0 62.06% 25.88% 12.06% 0.00%
IR )94 X 360 219 131 10 0 60.83% 36.39% 2.78% 0.00%
PR I 73 2 28 41 2 2.74% 38.36% 56.16% 2.74%
e B HE A 21 1 7 6 7 4.76% 33.33% 28.58% 33.33%
kbR ELF Ik 47 1 3 15 28 2.13% 6.38% 31.91% 59.58%

i 3+ 5 A0 68 2 10 21 35 2.94% 14.71% 30. 88% 51.47%
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Fig. 5 Flow chart of building image pattern recognition
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Fig. 6 An example of pattern recognition for a building image
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Table 5 Numbers and occupancy of each building type in each town

Hi Tl X 5 NP B £ b EAEDA KR NERAD AEFE AL BHBAD KREHAN
B X 34960 25169 6187 0 147120 105917 26036 0
HE 8 R X 1144 3443 4753 0 6400 19261 26589 0
VINER=Y 777 3442 4913 0 5956 26384 37660 0
4 L 599 2683 3834 0 3911 17518 25034 0
hrgE
Je A H 428 1911 2730 0 2874 12835 18335 0
iy 7k B 562 2518 3596 0 2682 12017 17161 0
kA 456 2045 2921 0 2452 10995 15705 0
BT RE 643 2879 4112 0 3763 16848 24063 0
T 4R X 6882 6267 2634 0 27519 25060 10532 0
LA 542 2693 3872 0 3051 15157 21793 0
Gl =Y 942 3516 4953 0 5005 18680 26315 0
FHH 337 1670 2402 0 1319 6538 9404 0
gk B 309 1538 2210 0 1432 7130 10245 0
i A £ 451 1384 1915 0 1961 6019 8328 0
L Rg T
iR 246 1221 1755 0 1069 5305 7626 0
IR 338 1681 2420 0 1523 7574 10903 0
s B 422 2696 3733 0 1331 8503 11774 0
e B 602 2991 4302 0 2688 13354 19207 0
AR B 316 1572 2260 0 1164 5790 8324 0
REFH 502 2494 3587 0 2651 13172 18944 0
B X 5421 4337 1429 0 32467 25975 8558 0
TALkE 736 2748 3872 0 2755 10285 14492 0
Kk E 809 768 1125 1643 4282 4065 5955 8697
M BB 298 310 474 707 2339 2433 3720 5549
I 907 949 1457 2176 5122 5360 8229 12289
221 B 815 855 1316 1965 5342 5604 8625 12879
5N 360 1320 1857 0 1530 5612 7895 0
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Fig. 7 Examples of testing the pattern recognition algorithm
(a) Picture 1; (b) Picture 2; (¢) Picture 3; (d) Picture 4.
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Table 6 Total value of each building type in each town - s = N B,
(in 10° RMB) Sl J5E X3 R A ) 2 28 80 14 451 5 A1 4
S R R rEn B B mm TR IndE T 8 FiR. 4 DO A 2 1 5
BWOGIX 1048800 503380 61870 0 MO G E 10 fros.
HEEPEIX 28600 68860 47530 0 _ .
7 AEME ERMESE
B 19425 63840 49130 0 * AEMEBEERHNERBREAER
4 H 14975 53660 38340 0 Table 7 Loss ratio of buildings destructed by
i Je AR 10700 38220 27300 0 different ground motions
ok £ 14050 50360 35960 0 PGA(g) 0 0.1 0.3 0.5 0.7 0.9
kB 11400 40900 29210 0
BT EE 16075 57580 41120 0 Public 0 0.02  0.14  0.32  0.48  0.56
7R X 206460 125340 26340 0 Private 0 0.05  0.21 0.45  0.61 0.75
LS 13550 53860 38720 0 old 0 0.11 0.51 0.66  0.81 0.88
T 23550 70320 49530 0
P! 8425 33400 24020 0 Wood 0 0.03  0.15  0.33  0.48  0.58
gk B 7725 30760 22100 0 e 2 0 0.32 0.29 0.35 0.18 0.14
W i it A B 11275 27680 19150 0
fRH 6150 24420 17550 0 *k8 ARMEHEBEEHHNAERER
HHLE 8450 33620 24200 0 KA AOGTESE
T 2 10550 53920 37330 0 . o
Table 8 Casualties from buildings by
k12 15050 59820 43020 0
HER L 7900 31440 292600 0 different ground motions
RETFHE 12550 49880 35870 0 PGA(g) 0 0.1 0.3 0.5 0.7 0.9
LR X 162630 86740 14290 0 -
. Public 0 0.001  0.007 0.022  0.04  0.06
TARILEE 18400 54960 38720 0
KAk B 20225 15360 11250 16430 Private 0 0.008 0. 04 0.07 0.11 0.125
Mz B 7450 6200 4740 7070 old 0 0.022 0.08 0.137 0.165  0.18
% 22675 18980 14570 21760
i Wood 0 0.001  0.009 0.024 0.039 0.053
SERE & 20375 17100 13160 19650

F L 9000 26400 18570 0 FrifE 22 0 0.24 0.31 0.16 0.22 0.12
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Fig. 8 UAYV aerial images of each sampling point

(a) City center of Shannan; (b) Niangre County; (¢) Qushui Town; (d) Lulang County; (e) Gangdui Village, (f) Bangjia Village.

Data source: Earthquake Insurance Group of Institute of Geophysics. China Earthquake Administration.
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Fig. 9 Images of destruction in earthquake disasters in Tibet and surrounding areas in recent years
(a) Zhangmu after the 2015 Nepal Earthquake; (b) Jilong after the 2015 Nepal Earthquake; (¢) Jiegu after the 2010 Yushu Earthquake;
(d) Nyingchi after the 2017 Milin Earthquake. Data source: Gao et al. (2015); Bai et al. (2011); Qu and Yang (2015).
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Fig. 10  Vulnerability curves of the four types of buildings
(a) Structural vulnerability; (b) Occupancy vulnerability.
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Fig. 11  Vulnerability models comparison between buildings in Southeastern Tibet and Nepal
(a) Public vs Concrete; (b) Private vs UBM; (c¢) Old vs Adobe; (d) Tibetan Wood vs Nepal Wood.
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Fig. 12 Faults and history earthquakes in Southeastern Tibet (Until 2012)
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Ground motion fields of /6.9 earthquake
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Fig. 13 Ground motion field of simulated Milin M6. 9 Earthquake
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Fig. 14 Numbers of simulated damaged buildings worse than slight damage by M6. 9 Milin Earthquake
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Fig. 15 Simulated casualties in Milin M6. 9 Earthquake

Ground motion fields of M7.5 earthquake
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Fig. 16 Ground motion field of simulated Qusong-Sangri Earthquake (hypocenter depth is 5 km)
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Fig. 17 Simulated casualties in Qusong-Sangri M7. 5 Earthquake (hypocenter depth is 5 km)

Seismic hazard map of PGA with 10% exceedance in 50 years
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Fig. 18 Seismic hazard map of Southeastern Tibet
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Fig. 19 Building economic losses with 10% exceedance in 50 years in Southeastern Tibet
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