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Analysis of spatiotemporal patterns and influencing factors
of typhoon disasters in Zhejiang Province

HAN Peng, GUO Guizhen, LI Xinlei, LIU Jingjing
(National Disaster Reduction Center of China, Beijing 100124, China)

Abstract: Typhoon disasters have caused numerous casualties and property loss in Zhejiang Province, China. This
study analyzed the historic typhoon disasters data covering 2009 — 2020, combining with the data of wind field,
precipitation, topography, river and statistical measures in Zhejiang Province to investigate the spatiotemporal pat-
terns of typhoon disasters. The influencing factors of typhoon intensity were revealed by Geodetector technique. The
results showed that there were 27 typhoon landfalling or affecting Zhejiang Province during this period, in particu-
lar, 12 super typhoons occurring in the southeast coastal areas that posed the most severe threat to human lives and
properties. The maximum wind velocity, the maximum three-day precipitation and the distance to typhoon center
were considered as the three major factors, which determined the affected population, the death number, the dam-
aged crops, and the direct economic loss. The results can provide theoretical reference for quantitatively analyzing
the influencing factors of typhoon disasters and their associated risks.
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AR B KR L] AR R R P R A B AT 8 e B A2 R K B AR, i 2
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A R AR BES . TR B A T BT RS R T G 2 5 KU RS R
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HATE T & MR FEUFTE BT LA : 5 XK EFERGIRHIT" G KK E MBI A
IR R DAL~ 65 U E A B A RE T PG O X eI ST T I R GEIE , WBUR N T ZR K
35 AR G AA (14 2 8 JBE R e BBGRZ 0 [ 1 , 3 T2 U o A vk sl A3 S8 T R, DAl 5 XU 3 40 2 MU
IR LTS T EOR K TR G BvE  Z 9 R IE B R E P FIAR G g 55 PE 20 AT , SR T, I SeBiF 5 - B
SE AL T B XK FH R G AR X 11 STRK, 4552 0 DR300 I I STRR /N R I 4 o Ak, 2T B dak
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BORLZ R, W TTA N 5 KUK 35 T Y B Bk 24 o Ll 52 i A5 Al A AR RE R 19 50% LA B #iiTs
EPEZT R EHIX Z —, NHEGE 2 Z3 R R, GDP B 24 1 218 GDP Bt 1 7.3% . {HRRAERE &K
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1 HAREESHE

1.1 HREXIE

WIVTA8 A v [ 25 m VT R = AN R 38, 76 118°017 ~ 123°10°E . 27°02" ~ 31°11'N ZZ Ja] , B2 10.55
i km*o BEPHOE R AR B, VU Rg L PG A b DR LRI, Hr a7 g b DX DA e i R A b Ay 2, AR i X 3
L I 5 S O Ay N G R [y N A S B O 3 = L I R 7. e S R W (P P &£ e R B2 7 N S0
PO B A&, B E E T EEEZERIRZE,
1.2 HIEXRIE

SCHE R BB AL WA B R B R K R R s XS e IR B R T B | S U
B ONOGTEIE M CDP & (£ 1) & KT B e U5 Sk ¢ HhoO B P2 | i [a] 7 81 8 2009 — 2020 4, DL
BEONGITRIC, Bk BRI T HZ IR SR L= RS- & | B4 2009 - 2020 4F, 25 0] 43
BN 1 kmx1 kmo WIGEHE R T F X G R # BRI =15 &, BT 5128 2009 - 2020 4, 25 (8] 43
FEEN 1 kmx1 kmo HoIE BRI T Hp Rl B TR IR FRBERLA8 hots , 25 (A1 43 3K 4 30 mx30 mo 3 4K

x1 HIEFERKIR

Table 1  Data source

G/ AN ] Bk 5 Heginas 2
A AEE €T 2009 - 20204 FE| R I Hh 91 Bt e
KK i B 2009 - 2020 4F EPSE Fii¢ RNl S 1 km x 1 km # %
W37 Eds 2009 - 2020 4F: EPa® TRy Csi Nl S e 1 km x 1 km %%
B E 20004 Hh R e B UR R B R R 0 30 m x 30 m 4% 4
ey 20004 H R B B VR PR B B2 A 0 30 m x 30 m 4% 4
0] 2540 20004F Hh R 22 e T IR R R A P LR
A RER 2009 - 2020 4F rpE RS A KU LR IE )2
UNEE g€ 2009 - 20204 EE & Fhk
GDP 2009 - 20204 EE &y e
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PR T b I BL 24 B O IR PR R 2E E A T ony |, 23 ] 43 HER R 30 mx30 mo 0] B0 R YR T b LR 2 B U
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GE BRI T [ S G R, R R 3 9 2009 — 2020 4F, LB S8 2A00. GDP BRI T H %5 A,
i A] 2471 4 2009 — 2020 4F, UL B8 A S8 #oc .
1.3 MRFEE
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B PR BRI ZR DR 28 22 ] ) AL ) B 20 I 4R L AT FH PR Uk 5 ¢ 58 1 28 (R A3 A R AE 2 =22, i
TRIETF LT B A B — vy AR o X RS 2 YA AR, AR Y R X FESS () A S A R
S P 2 [AIAH R o XA Y 2Z 8] (R AE S T LU g e b i ol i i

i N,o;
q=1—h1? (1)

K h=1,2- LR A B B 505, N, LN 2350 R 56 h B
ARBIREALL, o o 53 LRSS b AR AR B RAR £y 17
%o g MBUETERIE O ~ 1, q (I A 28 & X R AR Ry
) e AR R R AR (B BT RR B R ) L ie = WUR / s o b B0
BRUEA TR A BN S Ar B A LR 1

() BHE 9%

iy PRI 25 R A A AR N B R A a0 2R
7% 5 A % S B B, D0 5 A A O 23 8 kL
FrEs B Ab B 2 SRR T S 4 s A0 50 s v fk vk
DA SEIR 25 0 0 — H N R K e R R 22 T %5 B2 iR
B E N OEEE A GDP, # 88 [ AR W 5 2k

RN 10 2 I B B <S5 5% ~10° 107 ~ 15° [ 15° ~20° | 1 IBENERERIRIE
20° ~25°.25° ~30°.30° ~35° >35°4r M 82K ; ¢ R XU 427 Fig. 1  Process of using Geodetector to detect the
PO S SR E FhrE s 1125, influencing factors of typhoon disasters
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21 BRHFHE
R2 2009 - 2020 FHEFEFRFIDHTEHE R
Table 2 Landfalling or affecting typhoons in
Zhejiang during 2009 — 2020
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Fig. 2 Seasonal distribution of typhoons in
Zhejiang during 2009 — 2020
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2009 - 2020 4, A5 27 > & WS R BZ Il VLA (3R 2) , FLrp FEWT LA BB & XA 74> AR R
FL2018FLUSA G REE o G REBIRE , B 04 3y KU 14 el MR 44~ B XSS RS
KA R E X124, WEXEEZEYEKE(E2),6 H14,7A540.8 4 1340,9H 64,10 24,4
MEZERRERETH 8N A 2FM89%. MG KGREE 2019 4858 5 K FI & 57 & b
BRI TLAS 1) 5 Rt ok i T A IR M 91 TR i )™ L A DR Wi R 52 i 1] e 4 AR B2 XU XL e R 1) 5 AL
22 RIFEIZEDRIFAE

2009 — 2020 4F , & WAL #4419 879 Bk 3t 5 165.7 77 N %29 28 N E kL 129 AFET: (625 1B
WAL 19872 FANBURMEY)Z 0, 780 ALk 3 1 987 4 f¢ L H AL I e (F3) . Hivb, 2013 4E58 &5 K “JE
FE7 2019 47 8 5 XU R AT B 73 R 35 K d5e R R

T 6 2% PO 5 R R B R SE T (3R 4) , B IRR 3 BUIT LA 2 KN H SET- AN H 2 R ARVEY) A E
B Ur R 400 0 5 N L0 N .0 T2 B .042.7C s vty IR i OV TA8 52 N T FET- N T 32 ARVE YR EL
TR 3R 24.9 75N 0N 0.2 F 21 ,0.1427C ; 5 By KU s BTG 32 RN FETS NI 32K AR
YEYI I BB 530 159.4 T3 .0 N 53.5 FAHI 12.24250 5 5 W BN LA 2 9 A1 BET- AT 5%
RARNED R B2 P WS40 1.098.9 T3 A 13 A .485.3 T/ Hi . 232.54270 5 50 5 KU T T8 2 H 1T
FET N O 2 RN A B2 T2 20 W 2 020.9 J7 A .9 A .979.4 T/ 1 887.3 4270 5 # : 5 XUi: Fi it
A Z RN FET N B2 KAV R A2 05415 530 1 861.6 73 A 107 A .800.2 T4 il .855.3447C.
Horp R 5 2 5 438 G UBCR 0 44% , 3 R0 2 5 43832 N T B9 36% FET- N ) 83% 32 KAGHE
VI 35%  HLIE AT R 10 43%

&3 2009 - 2020 FHTITE AR EFIRE
Table 3 Annual losses of typhoon disasters in Zhejiang during 2009 — 2020

i i) ZRNI FAsIN= ZIRANE AR
(4F) Bk TiA HK A Hk T Hk 1zt
2009 70 720.6 2 4 67 318.8 68 87.1
2010 1 3.2 0 0 1 0.9 1 0.5
2011 67 78.8 0 0 14 7.3 67 19.6
2012 134 909.2 0 0 91 378.4 134 277.9
2013 138 1234.7 5 9 115 641.2 138 609.2
2014 48 158.4 0 0 33 57.2 41 10.8
2015 167 667.4 5 15 106 36.8 128 219.5
2016 50 250.4 8 46 46 113.6 48 113.0
2017 5 23.7 0 0 5 18.7 5 11.0
2018 64 96.7 0 0 21 45.6 23 15.7
2019 107 835.4 5 50 98 296.7 99 519.2
2020 28 187.2 3 5 28 72.0 28 103.9
&it 879 5165.7 28 129 625 1987.2 780 1987.4

T4 2009 - 2020 FHITH B RAN B MR ERE
Table 4  Total losses of typhoon disasters in Zhejiang during 2009 — 2020

ZRN FET- AT ZRAAEY) HIRAZGHIR
L

Bk PN =34 A Hx Tk E=2/N feoe

PR E 0 0 0 0 0 0 0

ey X 20 24.9 0 1 0.2 1 0.1
SR AT K 2% 61 159.4 0 0 29 53.5 37 12.2
=L 161 1098.9 6 13 145 485.3 152 232.5
55 X 229 2020.9 5 9 183 979.4 229 887.3
s A A 408 1861.6 17 107 267 800.2 361 855.3

&it 879 5165.7 28 129 625 2318.6 780 1987.4
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(AR M2, 2018 42 LUK SE AT BET=A 1 SRR R T BE 28 DAL S 90N 14T BB A
VA O PG T UL A i b B R | AR L 2 B K B R ) Jy B A
B

TE T HIVTAT A AR DT U T AR KT 55 19 3 , o 1515 S i S (2021) 41 5 RUBRERL IR I IRTIL SR

32009 - 2020 FHHIEZFRAO D E
Fig. 3 Spatial distribution of affected population in Zhejiang during 2009 — 2020

TE AT WA AR YTIRT AR P IR 55 190 sl o P15 S (2021) 41 5 ARz P 4R , i P05 S a8l

El4 2009 - 2020 FHTE T AO 370 E
Fig. 4 Spatial distribution of deaths in Zhejiang during 2009 - 2020

TE T WIVTAT A ARG U T AR ST I 55 19 3 , o 1515 S i S(2021) 415 RUBRERL PR IR IRTL SR B

5 2009 - 2020 F AT EZRRIEM D HE
Fig. 5 Spatial distribution of damage crops in Zhejiang during 2009 — 2020



102 H

&
s
e

it 31 %

TE R TWIVLA A ARG U T AR ST 55 19 st , o 1515 S i S(2021) 41 5 RIBRHERL IR IR IETL ST B

6 2009 - 2020 FHILE HIEEFIRK T HE
Fig. 6 Spatial distribution of direct economic losses in Zhejiang during 2009 — 2020

M 2009 - 2020 4EHTTAE & KU F S 530A5 1 (] 3 ~ 181 6) AT LATE 1, Wi VLA A ity bt X400 2R AR V2, T
Vb DA A R 5 S e e R T T RN T RN B M T R B e, Horh 2 B2 60% , 2 RN
2905 57% 5L T2 N V2 L 59% , 32 RARNEMI T i 42% , BHEEATE IR 2015 43% . A T il S i 72 I AR 40 2k
FEE, 5 ARG DL B KUK 56 BRGTT, JET 17 4550 & RURIEE 5 & XS Bl 105 MR T V48 4 e T Vg
DX, 295 5 RUE I 63% , IXJETE I KNI FETZ N H 2 RANEY R B A T I R A28 T i A
23 #MEHR

EAYE AL SE RN PO ES O S R RS 2 8: A S i DN S F) 1S [ S = DA 2 3NN D 9 & ]
T KUK ER BRI T2 A SCR IS WU KRR A = H R KRR S A BOR R 2R B R
A X A FIBR [t b DX ) A S5 A % 0 A RS il DXt FER A | 5 XU i DX K SCA A | 3 2 PR A
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7 FEFHERE

Fig. 7 Boxplot of eight influencing factors

Bl R A 52 AR SO R R R 2 PSR T X R RS £ XU R B (52 9 DX XU O 194 i e B ) 1
R FRIREEH T o NG ] S04 7K TR I 43 A R AIE A AT 228 b 98 FRBERAAE , 32 11 52 1) Jey 35 XL A g /K
FRAE AR SRR N 15 A3 GDP AR ARG B IR 7

kTSR B AT E B U T I R R A 9 ER BT B AR I RN B A5 DR R AR AR VR T, A8 3
GEit oM T KR = H N KRR R G RIS SR 22 SEI I B ) R4 N T B ALY
GDP X 5 RN B 5200, (] o 22 [ B B8 P28 S A 56 SRR 0 5 U 35 19 i s A v, 2 6 IXUI AR 43 R 4 T
(ZRANHAZ1 TN FET- A2 N ZRARVEY =1 T AN HEAF R 1000 Mg (Z R AR < 1A
FETZ AN T=0 N 32 9ARAEY) < 1 TN B BRI < 14200) BEAT Hus , LRSS S L IE 7.

FEXTF AR UG , FERE T IR B2 B F-rp SR KGR 2R 1 9%, P34 B /K 2 22K 100 mm, “F32R G K
HUC /N 100 km, P33 FE 22 2K 100 ~ 200 m, P EERIR 2 ~ 3, 349 70] [ 25 4 22/ 100 m/km’,
B, FESCI R KGR, B R, SR G PR AR s FEZ2 I IR B R 1, 3B 5 KU O B B, g
ZERRTAC, 39k BT, Y 3 BN R E ) R A . A NZRTE S R, N L B NS GDP X A R
NG IR0 25 AR
24 WERTEESH

R T 20 A BT S T DR 2R A DT R R RIS RO B B L i BRI 2% s e BT B
K 220 858 1 AN B IR 7% 32 0 N BETZ AN T 2 9ORAEY) LR A TR i R S 9 AG (s . L
W Pras R s

FEZ I TR 5200 HF 1Y SR AR 72.1% , 5200 R H 3 31 5540 A fe KRG =1 45 XU i
B> H NI KRR S>3 > A Y GDP> R 22> T 25 BES I3 B . 5 KU 2 i R die R X
X2 RN B DTRR R (20.0% ) o BE G KU RS 9 BTRK R (20.09% ) 5 5 K XGH ) T k% — 4, 1T DL
Shy e R KU (1% 568 B 7 25 [B) 1 ) B 5 52 ¢ X A XU B B 8 — 30, B A2 ¢ X A XU o0 ) B 5
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I, RGN T SE MR ERR , HLORE — H N KR K & (12.8%) X 52 K N B oiRk . =22 38
Ik R o 28 Ko A7 9 N TS AT — RE RS, N 4% B L3S GDP IR 736 32 9¢ N 2R K

TEFETZ A R, 520 R 1 B9 TRk R A TR 84.3% , 52 1 IR 1~ 3 31 5544 IRy e R XUk =1 5 XU AP0 R
B> H R RFR K E> m AR 2> A\ B> A X GDP>T] (35 > B . & XI5 0 IR 1, e K XLk
P DTk A5 I 5 AU B 2 (25.0% ), Lk = H NS KR K & (15.5%) XBET- N T I BTk . s fe 22 OF
87303 B R X %85 B X AT N S e AT — s M), N 1% B ALY GDP R X 38 T2 A 2 AN R

TEZ R AN, B30 KT 5Tk R A3 81.0% , 5200 IR 7~ v 5 2] 554 Uk hy e R KU =1 5 XU
P> = H N F R R > I %% > N 11285 B > 3 B> A3 GDP>RifE 25 . 5 KUK FEZ i R, e AL
X 2 HAAEYI I DTk R K (21.5%) o HOE: = H W ERIE KB I 5Tk % (15.1%) o e s SFIYE
] O 285 X6} 32 RAGNENAT — 3 5, N 1128 B 35 GDP IR - X6 32 RANEDIE i AR K

TE ARG b & 5000 1 (1 SRR A TN T1.1% , 5200 D1 i 38 20 55400 vk Ay fie K X =1 45 XU
OB > = H NI R MK B> R 22> A TV > A3 GDP>I) W% B >S4 5 . & KUK E R R 7 rp , ek
R X 32 T N T DUk R e K (22.4% ), WG SE b Ry, ELER A Dr B R Bk . LU — H N R K i
PITTIR (14.0%) . RRE2E SRR 0T IR B N 11 %6 B 34 GDP X FE 4 TR 2 i /N

W2 RN FET N 2 RARAVEY N B U405 5 A s IR -, 25 SRR B, &5 MU ik
TR | = H P e KRR 7K i A 23 [ B 6 9 17 1 5 ke 45 D M VE . 6 RURGEE 58 R, B K b 22, B
& OB B O, T R . 5 KRR 5 A XU B2 RN TR LG AT 3K 5% ~ 8%, 4 & U ik 5] 12
UL bBf, 9E B BN R T A VR B R BB  Ah i AR i B2 O R N BRE R R
FL2 0 Horp, 25 959% 1y A XS | R B9 B FEK R T 100 mm, 29 60% 594 X5 | & H KSR T 250 mm -2,
IR R UEE AL T F . m AR 2 PS4 R R I 2 B S 5 I B9 —E s . N H 3% BE R GDP
PR X 5 RG-S AN R

#*5 SEMEFIHINARNRENRERE

Table 5 Contributions of eight influencing factors to typhoon disasters in Zhejiang %
R T ZR NI A NE| ZRANED) HIEATHIR

= H N SRR K 12.8 15.5 15.1 14.0
SEFNVARTS 20.0 25.0 21.5 22.4
5 RO 20.0 25.0 21.5 22.4
2 3.8 52 42 3.7
RRb) )3 3.1 2.3 4.5 1.7
] o) 2 J3E 3.6 3.0 5.1 1.8
UNEE: ;S 4.7 4.2 47 2.7
A GDP 4.1 4.1 4.4 2.4
At 72.1 84.3 81.0 71.1

3 #it

AR SC LA BSOS BT, 8 S RV AR 5 KT B (4 5387, 45 S KA B0 (R K B TR B Fn 4t
THERSEVOR, WF 9 T 6 I IE I 2 1 SR fE . A8 L IERE b, SR F U BRIR I 25 7 S0P 9 T WL & K s
RIS IR R . 1458 R

(1)2009 - 2020 4, HA5 27 4~ 5 WU il sl i T4, Hoh AEdi L B 6 WG 74 G EZEH
KAETETH 8 AR, 2515 4 4E ) 89%.

(2) 5 RUJ F A5 I 7™ 5 4 X F2 B3 A AR W VLA A e AR T IR L IX . 27 A6 KU 12 A4 i & Uit B 46
A5 B A AR O 2 AR 0N T 36% BETS N T 83% % K ARNEI Y 35% 34 TR Ok 1
43%.

(3)FE 8 g A, 5 KUl R R L = H P s KB /K L RIEE & KUrp BE S Xz 9 A E BET- A H 32
RARNED) A B B0 R B BT RR IR R 5 R RE 22 V- 15 3ok 8 Ryl o 2880 5 S8 o I 196 A — S i 5 A 1 2% B RN
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Y] GDP X R ARG WA K
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TR 5 ) R X6 5 KU & LA R BN B S I B RN o =2 FEA 5 i I 2 A0 S LA B s i PR 2%
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