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Study on risk assessment of compound disasters caused by typhoon-induced
gales and storms: A case study of Fuzhou City
GAO Pengju', ZHOU Xiang”, ZHENG Yufeng’, HAO Xiaobo’, CHEN Ying*, YAN Xie>®, GAO Lu"*
(1. College of Geographical Sciences, Fujian Normal University, Fuzhou 350007, Fujian, China; 2. Fujian Provincial Disaster
Reduction Center, Fuzhou 350001, Fujian, China; 3. Fujian Provincial Hydraulic and Hydroelectric Survey and Design
Research Institute Co., Ltd. , Fuzhou 350001, Fujian, China; 4. Fujian Provincial Engineering Research Center for Land
Disaster Monitoring and Assessment, Fuzhou 350007, Fujian, China; 5. College of Resources and Environment,
Fujian Agriculture and Forestry University, Fuzhou 350002, Fujian, China; 6. Fujian Provincial Key
Laboratory of Soil Environmental Health and Regulation, Fuzhou 350002, Fujian, China)

Abstract; [ Objective ] Scientific evaluation of disaster risks is crucial for improving regional disaster prevention capabilities and
formulating targeted measures for disaster prevention, response, and mitigation. [ Methods] Taking Fuzhou City as an example,
the ground meteorological observations, historical typhoon disaster data, and 1 km-grid survey data of population, economy,
buildings, and other disaster-bearing bodies were utilized. Then, the Copula function and risk matrix model were used to assess
the compound disaster risks from typhoon-induced gales and storms under different return periods. [ Results ] The results
indicated that; (1) under the scenario of 1 000-year compound return period, the design values of typhoon extreme wind speed
and cumulative rainfall in Minqing County were the smallest, with the values being 26. 03 m/s and 463. 72 mm, respectively.
Luoyuan County and Changle District showed the maximum design values under this compound return period, reaching 57.78 m/s
and 1 173.87 mm, and 65.42 m/s and 1 094.27 mm, respectively. (2) As the level of return period increased, the hazard
levels of disaster-inducing factors exhibited an increasing trend from the eastern coastal areas to the western mountainous areas.
Moderately high and high vulnerability zones of disaster-bearing bodies were primarily distributed in the main urban area of
Fuzhou City and the southeastern coastal towns, demonstrating strong spatial correlation with the concentration of population,
economy, and buildings. (3) The risk of typhoon disasters in Fuzhou City generally exhibited a pattern of “high in the east and
low in the west”. As the level of return period increased, disaster risks escalated from the northeastern and southeastern coastal
areas to inland areas. The risks in the main urban area of Fuzhou City, Changle District, Luoyuan County, and Fuqing City were
higher than other regions. (4) Under the conditions of extreme disasters (such as 1 000-year return period) , medium-high and
high-risk zones were mainly concentrated in the northeast, southeast, and main urban area of Fuzhou City, accounting for 34. 5%
of the total area of the city. [ Conclusion] The risk of typhoon disasters in Fuzhou City generally exhibits a pattern of “high in the
east and low in the west”. As the level of return period increases, the disaster risk gradually intensifies from the northeastern and
southeastern coastal areas to inland areas. Under the conditions of extreme disasters ( such as 1 000-year return period ) ,
medium-high and high-risk zones are mainly distributed in the northeast, southeast, and main urban area of Fuzhou City.

Keywords : typhoon; disaster risk; compound disaster; Copula function; Fuzhou City; climate change; precipitation; risk
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Table 3  Optimal marginal distribution fitting

AR ég&gg%@ AlC RMSE KS éi}i izzﬁﬁi AIC RMSE KS
i Lognormal 395.93 0.04 0.09* Gamma 778.5 0.02 0.06*
[EI 7S Gamma 483. 82 0.02 0.07" Gamma 809. 75 0.03 0.07°*
2 IR Lognormal 511.56 0.02 0.06" Weibull 877.21 0.03 0.07"
& Gamma 493.79 0.02 0.06" Weibull 832.43 0.02 0.06"
iE T Lognormal 485. 04 0.02 0.05" Gamma 841.25 0.02 0.05"
K ZE Normal 425. 84 0.03 0.09" Gamma 826.23 0.02 0.07"
K K Lognormal 534. 05 0. 02 0.06" Weibull 859. 39 0.01 0.04"
& Gamma 493,27 0.02 0.06" Gamma 841. 41 0.03 0.09"
O Lognormal 517.29 0.02 0.05" Gamma 774.28 0.04 0.08"
e o R KS kg,

RMSE {H., X F 5 K i R KU 5 R m KA
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Table 4  Joint distribution fitting of typhoon maximum wind

speed and cumulative rainfall

oM Copula AlC BIC RMSE
&) Gaussian 285.21 287.58 0. 06
[ 73 Gaussian 268.29 270. 66 0.04
2 R t-Copula 251.09 255.83 0.06
oM Gaussian 268. 30 270. 67 0.07
L Gaussian 246. 55 248.91 0. 06
K ZE Gaussian 281.35 283.72 0.05
K %k Gaussian 255. 68 258.05 0.05
O Clayton 249.06 251.43 0.08
FOR Gaussian 269. 96 272.33 0.04
2.3 ENHP5EIZIHE
F4f Copula PRECTTH 45 3 &5 W2 R XU &2 A

I 5 XA [R) B S B, R R38R s 45 oA
[F) F IR R Xy e, 25 RNk 5 B8,
5 A, REE EIIKCEA R, KU
HAR R i b DX XU 153 Ak R P L X
IR THE . ASFEEIAKE T, 1S i XER T
e/, Woom K ERMT (T4 —18), E5EHR
IR B BEHE A 26. 03 m/s 5 463. 72 mm, [RIPE
BT B BB R 18. 03 m/s 5 242. 66 mm, %I
SARIRIX KR B R R, M K 3 45 B (T

KFKEBEAR(PHRL) $E56%5 2025 FFE5H

i), EATEIIIX R IHE S 5K 57.78 m/s |
1173.87 mm 5 65.42 m/s. 1 094.27 mm, [q] 505 B
IR I 1T E 4 9K 43,1 m/s, 756.03 mm 5 46.3
m/s, 618.71 mm, [RHEIIHAKFT, E45EH XS
A 0N 1= N i BN 2
2.4 NEEABRXEK

B 5 FE KT A 5, RUBS: 45 9 P 2R B T 1A 1)
POARLL X R (DL 3) , TAF—i, HAE — B &
T, B R X E A TR IR KARIX S
T, AEFE—IEE ST, U X A oA T
PIREESKIERX, THE-BERT, mAEHX LY
A KARX, G RIS FHELGE S LRIX,

FAE—M IR T, A XU X s A T AR N T 4R
JEER B B | AR AR XL B AR T 58 ) A T T
X, 5T RSB 10. 4%, A — il 5
IO S 568 P VA 1 B = 7 = S 1 8 =
DIRAMA TR, 2T R A 55% ., AR
—BEEET, RS I T AR TR X, (4
TR 93%, A4 —ilE = T, MM AR
MBI | R KR X S HE TR, R
BT Ry AR, AT ST 16.36% , HOEH
AE—IE ST, Hh i KU DX I A AR I T R
AR, T R A 52.22%, P IERE S KK
DX 3 b DX p e s AU B T Sk e XU, o i BT AR
1) 6.28%, TH—lFERT, mREXFEEMNTFK
IRIX, FHEGALRX ST | LRt
S, AT AR 23.59%
2.5 FEREHETEHE

TEHN D95 . #idy GDP . A3 GDP, 0—14 %
565 %L NA%ERE | @R BN R AR
KARBE S HEIPAL (9 Fe bR, IFS—F] 1 km A&, FIH
TR E X DA (WL 6) .



BisE, &/ 8RANEMEABRNREIIFAENR: DUEMNT LB

®5 ATREEAPTHREIRIHE

Table 5 Design values of wind speed and rainfall under different return periods

W | EE ﬂ*%_“&ﬁ‘ﬁ lﬁ]imj&ﬁ'ﬁ W | EE Efﬁj&ﬂ'ﬁ lﬁ]ﬂl—iiﬂ'ﬁ
Kg/m - 57 | WE/mm | KG#E/m - 5™ | BE/mm RE/m - s | FE/mm | K@#/m - s | HE/mm
10 a 15. 81 163. 81 11. 84 67.43 10 a 23.85 201. 90 18. 04 90.71
20 a 17. 44 209. 03 12.98 92.36 20 a 26. 37 260. 00 20. 06 125. 34
N . 50 a 19.50 268. 56 14.38 126.36 || | 50 a 29. 44 336.59 22.49 172.99
3 5
100 a 21.02 313.63 15.40 152.75 100 a 31.61 394. 48 24.21 210. 00
500 a 24.51 418.02 17. 66 215.30 500 a 36. 35 528. 87 27.92 297. 85
1 000 a 26.03 463.72 18.03 242. 66 1 000 a 38.29 586. 59 29. 44 336.59
10 a 27.23 325.26 19.70 152. 61 10 a 25.78 236. 63 19. 66 101. 89
20 a 31.62 438. 67 22.93 222.23 20 a 28.44 311.43 21.80 142.79
. 50 a 37.44 597.32 27.3 326.85 || .. 50 a 31. 66 413.67 24.37 201. 01
¥ = 100 a 41.95 723.57 30.72 414.99 L 100 a 33.95 493.53 26. 19 247.59
500 a 52.87 1034.24 39.21 646. 64 500 a 38.92 685. 80 30. 11 362. 85
1 000 a 57.78 1173.87 43.10 756.03 1000 a 40. 94 771. 10 31.70 414. 84
10 a 23.87 253.54 17.98 129.59 10 a 17.31 221. 46 13.94 92.37
20 a 27.36 332.29 20. 55 181.73 20 a 18. 48 282. 83 15.03 126. 58
v 50 a 31.93 436.73 23.89 253.99 N 50 a 19.8 363.57 16. 25 173.32
T K g
100 a 35.40 515. 81 26. 40 310. 40 100 a 20.7 424.74 17.07 209. 51
500 a 43.69 700. 47 32.29 444.99 500 a 22.52 566. 43 18.70 295.32
1 000 a 47.37 780. 06 34.92 504. 90 1 000 a 23.23 628. 39 19.33 333.31
10 a 32.35 299.92 23.59 135.02 10 a 24. 46 330.33 17.35 113.76
20 a 37.21 405.73 27.03 194. 67 20 a 27.20 435.6 19. 19 160. 67
_ 50 a 43.59 553.85 31.48 281. 88 . 50 a 30. 54 576.29 21.38 225. 11
K Ik -
100 a 48. 46 671.40 34. 84 353.23 100 a 32.93 684. 06 22.89 275.04
500 a 60. 11 960. 71 42.74 533.69 500 a 38. 19 937.87 26. 14 393.78
1 000 a 65.42 1.094.27 46. 30 618.71 1 000 a 40. 37 1 048. 41 27.45 445. 68
10 a 29.27 241. 82 22.57 113. 88
20 a 33.52 332.89 25.79 172. 17
o w 50 a 39. 08 456. 44 29.96 256. 36
¥R 100 a 43.30 551.59 33.10 323.67
500 a 53.31 775. 85 40.51 488. 65
1 000 a 57.75 873.28 43. 80 562.93

x6 EHEEENE
Table 6 Weights of vulnerability indicators

WA £ bl B 2
NHRE/N -+ km™ 0.47 0.53 | 34.55
149 GDP/JTIL « km™> 0.73 | 0.27 | 17.77
A GDP/TTTC 0. 66 0.34 | 22.62
0—14 %5 65 % LI E AL /A « km™ 0.88 0.12 7.94
HFHE/m® - km™ 0.81 | 0.19 | 12.45
BRI /km « km ™ 0.93 | 0.07 4.65

B 5 F R BB N 35 BE (34.55%) |
A5 GDP (22.62%) . Hu3% GDP (17.77%) . A%
JE(12.45%) ., 0—14 % 5 65 % UL b AN H % J&
(7.94%) . ¥ W% (4.65%) ., NH %S5 ALY
GDP 7E7RIFARNE 55 HEF AR R A HE L E, W
WA S HN 57.17% , WBPEAK (7) KIBEIEH
BATTR I AR ME 55 M T8 H, AR LB (5% . 25% .
75% . 95% ) ¥ BUR AT fa R o %, Pk, 4,

8

i, EA M (LA 4)

A8 PH T R AR I 555 M A5 % p AR S T VA 1o P S L X
U, R b E 55 A ) A S R R AR B 43 AT % DI AR
X%, thE . T X LIER . SR A T
FEIN T FEIRIX R I 0 & 8 DL SO TR LR B S8 BR IX
HAE X FE BN T AN T AR e s X,
I AVRME 58 P DX DU RBERAR o3 A TR . PUER . PH R BRI
X, Horp e vg B Sk B, A RNE 55 1% 7 b i
K, ralG A B 40.3% 5 51. 4%, B EE M
R DX P i S5 M DX o bR, Al AR DXL TR
) 64. 2% 5 65.9% , EAEXFEILX W R,
FEES RIS, Bl IX 5P REEE S X e
53530 b DX 4 o AR DX R TR 96. 64% 5 69% , £% IX.
BRI M55 9 5 A X B AR el an =& 7 firsi
2.6 AEENHBEETHERREXEK

FEINTH 5 KD RS SR B B« R = AR
MR R, Bl ST A S, 9 KU AE AN B
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Table 7 Proportion of vulnerability level in each district
and county %

X " ik R (1S iy o [
GlX 0. 00 0. 00 3.36 36.24 60. 40
TR T 0.10 8. 80 40. 10 43.50 7.50
X 0. 00 0.00 0.00 0.00 | 100.00
BZX 6.10 12. 60 53.00 16.90 11.40
BT E 2.00 10. 40 59.20 24.70 3.70
PR 2.50 23. 40 64.20 8.90 1. 00
HEX 0. 00 4.10 45. 60 39.10 11.20
i) 7% L 1.30 15.50 65.90 13. 60 3.70
i) 3 B 9.30 31.00 49.30 9.30 1.10
PR L 0.00 0.30 30. 70 60. 00 9.00
BILIX 0. 00 0. 00 0. 00 5.00 95. 00
KA R 7.40 44. 00 44. 50 3.50 0. 60
KIRIX 0. 00 0.14 41.00 47.16 11.70

EET S RRXER X, & 2T B A 4. 8%,
HAF R, RS X TR R K
RSN RIIX, 52 S Em N 66.5%, A
SE—BE R, RS XA AN, AT B
TR 64. 5% 5 s KRS X 32 2057 F 4 M 7T 8 30X
PIRESHEF T IX | KAEXKEHSHX, &
SR 9.2%, HAF—BERT, P&,
e A 1 DX A A T IR X . PR LR A R
X KARXS5HEE TR X BRI, o

10

6.5% ., H B XMEILX 4
N BWoE R, THE—#NET, P
A J RS AR T
# T EBRIX, P LRSS IX
KX S5MmET R Hx ., ¥
%%E%,%%Eémﬁﬁﬁ%
1, 2L 1%513. 4%, BOHEIX
S X, WX, i f/Tny’:g{\l:
KR DX s R U X L o
e LKA,
T 3 4 #
.
-iﬁ AW IEF M 9 N~ E
_g% uh fLECHE, TR 2E T 2005—2020
. 497 Ygpg 4 M T A L 7R £ X
120° XF 5 K2 T A K KU R AT
ikt ﬁ%ﬁﬁUA\_E%A
AR LA IR ) B A 5
XA AR THEL, 38 I AL
A8 KU XS I AR, A5 2O [) 3 BN 52 T B KUBUK
PRI fa B M 1 25 1] 4 A, ARFE 2 2 — IR H AR K

PRV A R, FIHTRASGE AL 1 km A% R AR G AA
BOMESS e, s PR AE 4, PG T o8> H B 5
T‘ﬁHJHﬂ?‘*fljaﬁzfl‘v, Zhemr .

(D) TAE—BERT, W3 E X BT E R,
AT R IHE N 26.03 m/s 5 463.72 mm,

) B EE B0 X6 N 1 T (E R 18.03 m/s, 242. 66 mm;
BIEE AR X K I HE R, &4 T %
THES R 57.78 m/s, 1 173.87 mm 5 65.42 m/s
1094.27 mm, [ ¥ &8 B B3 X N % 3F (85 4 51k
43. 1 m/s. 756.03 mm 5 46.3 m/s. 618.71 mm; 4
79 A3k 52 A B B X R T HE Y 44,13 m/s
824. 41 mm, [RIELEIIAXT R BT HEF- Y0 32.67 m/s |
468. 41 mm,
(2) BE EIKE 4 &, BUKE etk A 4R
P TRE a] PU AR LU X HE R, AR IRy | s ESS  b IX
FEG T AT EI X AR IR 2 8, PSR
X BB FARM I RIS . hoaiabx, Pk, K
9P AR FACES . PUEE . PUREERAILIX, SR
BILX A FEEsstEmbx, GlX 5 FRLE
BRI R I b X0 ) AR X T ALY
96.64 5 69% ., AKKMEEIVE T EANE | KT
F AR EE B YA G
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