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Fig.l1 Locations of representative automatic stations
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Fig.2 Distributions of gale disasters happened from 2008 to 2019(each red dot represent one disaster)
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Tablel Impact indicators of disastrous gale events in Shanghai

ARSI AR bR Fabr >4k BARbrE
X(BAL: /NIE) RN R A (X)) X<6
FELIR R (X2) 6<X<12
— R (Xs) 12<x<24
R (X0 24<X<36
R KA (Xs) X>36
YA X) JRi R A (Y)) Y<3
X R (Y) 3<Y<T
AT RR(Ys) Y>7
7Z(Bfr: m/s) IE S NZAA) 10.8<<7<<13.9
TR (Z,) 13.9<7<17. 1
I BRI (Zs) 7=17.2
U(EAL: ) —FRECT KR (U) 10<7<<50
EL L™ B R KR (U,) 50<<7<<100
FEE R KA (Us) 100<<7<<1000
5 ol 7 B L KR (U) 721000
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Figure.3 Inter-annual variations(a) and annual variations(b) of gale days at different levels (blue represents level

8, yellow represents level7) from 2008 to 2019 in Shanghai (dotted lines are the trend lines)
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Figure.4 Inter-annual variations(a) and annual variations(b) of extreme wind speeds from 2008 to 2019 in

Shanghai (dotted lines are the trend lines)
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Fig.5 Distributions of gale days(level6(a);level7(c);level8(e)) and gale frequencies(level6(b);level7(d);level8(f))
from 2008 to 2019 in Shanghai
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Figure.6 Inter-annual variations(a), annual variations(b), daily variations(c) of gale disaster cases from 2008 to
2019 in Shanghai (unit: case)

Giit 2008-2019 4 _EHE I KRR IR FE AT (B 6b) , R KRR G EE
WAL S R, 80% LA E R KRIG A EAE R, JLrb 8 A (K 68. 9%, 10 AR 7 H KKK
15 & a0 9. 5% 9%, Hop Ak AEED . X5 E—w 1 R X = 2R A%
T 9o B v 9 Y 45 18 R WD HY

i 12 SRS E i H A1 224 2 S A F) PRI AR AR (1 6c) 55T RS SN 18] — 2L,
8—17 IS R IR R ABHHAE 70 DAL AW FUIR, LMl i 2/ 5 H A B R
SRS AE (R Mg mie) (g%, 2018) o AJ WK UEICAR B W SR FO4E s AN ]
T PN BURAEAL A BRI AN Ja BN, KK T BT 2 — MR BENLIER R, I
FETH RGBSR 18], EBR R AR Z
3.2 _L¥ETIRRR s 22 18] 43 AR RFAE

A EHET R AR E AT (- 7 ATBUEH, R S A I X e, 7T
B 3T/ TR, HUORKAML . BT Y. ey Sl i 330 DX AT A8 DXL X 35,
RAGE LRI 10 F/°F 75Tk, B2 Fil B, T AHT R ool A 95 & BEA K
EIX, SRR A 8 B PG o TR P 90156 5 PR (1 A S5 9l T AR P A 6 S 1 5K K
WEFCHR Y, TR M AR IEAE IR B AR AR R G U Rk I R R (2



2, 2022) , S EER X KRREMA L, GDP #RIEMERFR (KNg) , BIZFAA
1 3 B R DX 3, 3R T DR KB XU B S v vy o RIS, 3T 0y XU 8 Rl Tl T I 7
B, R ST B AN 2 N B i S IR BAVE M (Blocken B. 2015) , iX b
A A HH O3 X R R AT i 22 1) iR AT

N
> \3 mnéf;‘ -
iy 2 2
, d
i IS p- o ¥
LTS } oy
LS e
- W
-y [
- — — —

K7 bR R KRG A ] A B (e AP 75 K
Figure.7 Kernel density distribution of gale disasters happened in Shanghai (unit: case/km®)
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Table 2  Statistical analysis table of four kinds of disastrous gale events in Shanghai (unit:

case)
Gt & TLHEAUER A EEpNES PEFAERA AR
TR 8(437) 35(1187) 21(11823) 16 (414)
YOS A o e BUR B 152 123 5066 72
e X KI5t FE 4 X, 2(52) 21(526) 1(11) 3(53)
X 4(115) 11(505) 3(164) 9(169)
Xs 2(270) 3(156) 7(1255) 5(157)
X, 7(2058) 1(35)

Xs 3 (8335)



Y. 4 (66) QYD)

Y R 5 i FE Y, 3 (6D) 24 (807) 3 (40) 9 (154)
Y, 5 (376) 7 (314) 17 (11766) 7 (260)

% 7 X5 (AR A 10 (521) 11 (1083) 12(263)
7o 7(285) 8(284) 9 (7842) 4(151)
Zs 1 (152) 1 (2898)

2 U KI5 FE 4 U, 5 (110) 28 (598) 6 (121) 15 (342)
Us 1 (57) 5 (362) 4 (259) 1 (72)
Us 2 (270) 2 (227) 8 (2467)
U, 3 (8976)
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Table3 Statistical table of gale carriers in different districts in Shanghai(unit:100% )

) FEAT 0 HZ&E E BT b (Epiil] I
HL X 39 3 10 36 4 6 15 6
THARBX 32 7 13 47 5 5 7 7
FIX 28 10 12 33 4 6 17 6
HE X 40 6 8 51 5 4 4 6
HIMX 40 6 11 48 7 4 2 5
FAYLIX 33 6 8 52 6 4 1 8
AT X 35 8 9 47 6 5 6 8
A 32 4 14 43 6 4 3 4
ZBIX 34 4 13 46 7 7 1 6
FEHX 62 2 21 32 3 1 1 7
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Spatiotemporal Characteristics of Shanghai Urban Gales
and Correlative Impact Analysis Based on Real-Time

Disasters

SUN Yi
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Based on the hourly maximum wind speed data of Shanghai automatic stations and
real-time gale disaster data provided by Shanghai Emergency Response Coordination Center
from 2008 to 2019, characteristics of spatiotemporal distributions and correlations between
urban gales and disasters are analyzed in order to explore the impacts of strong winds in
Shanghai. The results are as follows: (1) The gales and disasters present significant seasonal
variations with force 8 gale days, maximum wind speeds, and disasters all exhibiting a
summer single peak pattern. Summer gale days account for 41% of the year, and gale
disasters account for over 80% of the year. The inter-annual fluctuations of disasters are
significant, mainly influenced by extreme weathers. (2)The gales and disasters show
significant differences between urban and suburban areas: 1) Wind speeds in downtown
areas are much lower due to the impact of urbanization. II) The density of disaster cases
ranks the highest in central city (up to 37 cases/km”) and relatively high in regional centers
and sub-centers. It is also found that the number of disasters in each region is positively
correlated with its population and GDP. III) The housing related damages are relatively
prominent in downtown and its surrounding regions, but the least significant in Chongming
District. (3) The disastrous gale weather in Shanghai can be divided into four categories:
Jiang-huai cyclone gales, thunderstorm gales, tropical cyclone gales and cold air gales, with
thunderstorm gales the most frequent and tropical cyclone gales the most severe. (4) Trees
and vehicles are the most common disaster-bearing bodies of strong wind disasters in
Shanghai, followed by power lines and rain shelters. Gales cause disasters with obvious chain
reactions. The study on the characteristics and impacts of urban gales are of great significance
for the gale risk warning development and disaster prevention and mitigation.

Shanghai; urban gales; real-time disasters; spatiotemporal distribution; impacts;
differences between urban and suburban areas





