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Abstract: To investigate the potential effect of different global warming scenarios on future typhoon
track, this study utilized the predicted values of sea surface temperature (SST) over the next century
under three global warming scenarios provided by CCCma to conduct full-track typhoon simulations in
the Northwest Pacific. The annual frequency of typhoons was randomly simulated according to the
probability density function (PDF) of historical observations, which followed a time-invariant negative
binomial distribution. Typhoon tracks and intensities were simulated using the Vickery model. For the
gradient wind field model of typhoons, improvements were made based on the Georgious gradient

wind field model. An artificial neural network (ANN) was used to refit the relation for the radius of
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maximum wind speed, with typhoon central pressure deficit, latitude, and SST as inputs. This en-
abled the integration of climate change effects into the time-varying PDF of annual extreme wind
speeds. It revealed the potential effects of SST increases caused by climate change on the frequency of
typhoon landfalls, typhoon movement speed, typhoon movement direction, and typhoon central pres-
sure deficit. The results showed that the effect of global warming on annual extreme wind speed PDF
exhibited regional variability. In most regions, the mean and dispersion of the annual extreme wind
speed PDF tend to increase, while in a few regions, the long-term trend remained unaffected by glob-
al warming. The Gumbel distribution was employed to fit the annual extreme wind speed PDF. Both
the location and shape parameters of the Gumbel distribution exhibited time-varying characteristics.
The errors in linear fitting were quantified using a normal distribution and were referred to as estima-
tion uncertainty.

Keywords: typhoon hazard; climate change; track simulation; sea surface temperature; negative bino-

mial distribution

0 3l

[l

WUEUR F & B AT E AR IR N8B fa F Bk
REBMENKEZ —, MTEFREZEKNER,
3 UG A R 3 X 44 Sy 13 XL, DR P 1 31X 44 S
M, S48 BT SBE ) A5 i A AR 2 25 Vi b DX At
Jiti 7 Sk AN T A 2R T S TE AN el R AR Y
IE WA o R CF WAT MW SE 0 (Centre for Re-
search on the Epidemiology of Disasters) &t i T 4x 8k
TR P 7 B b A% 2R TR T B 28 R E Y
T L) 28 T R IR LA A S IR 1, R A R
HRHIE DR AR T B KUK AR D7 T A5 o

A AR Ak S E O R B B IR Bk R
0T T 235 4 T A% O ok 38, 4 3k A0 fige A8 1 B {1 A5 0
T B e 2 2028 5 RO 2l B A 58 R i BE  F 1 %
Jeiy 3 b DX 1 RUER B8 7 A S e L I LA B A 3R T
M G2 g 38 R 1 AN W 1 2D, R 0 K B R AT R I
M, efikE#az il a Bk . xF
A il 5t 3 3 A R Tk AT ORI 2 XL
I 57 SR A T A R B A RT LA B LA
PR AR B A KU o ) AU S SR A 3 Y — A
7 R B KU S A 1, B R T s R
38 v A — /NI g DX ke Ak 3 1 (328 BRCHE Ak 35 it 48
VBRI ) o BEHLBADL B — A H 2y 2
Bl ML AR R A R AE 5 B4 0 B4 AUJE (Tropical Cy-
clones, TC)/& K /MK . P. J. Vickery %71
Jed it 1T I s TC AR A iR UL 1 4 B A
TCHA Ik . Z 5 Vickery (98 &, VU 2254 i —
BRI T AR TCH I G. Fang %4 it

366

B 52w 2 P8 E] TC B b, DAy 1] R R BE R R
HOJE s P 5 T 5 AT T B3 HbJE XF TC R
B . G. Fang %" HE Sy T 3 T o BI04 =115 (%
TC [ Pk 7Y 256 25 18 T 25 8] 5 Bt X TC
P RIS BE AR . F. W AR A — il i 5 1) [ 7
5y X3 B AT TC L, 51 A Natafl 48 #2518 5 X
KBS Z M. T LI SR %
T A6 7 R R TR KA AR XU ) PDF, e 5 X
%42 H beta-advection B BRI ALY, 5 KUK 2 — 4>
AR AR KGR . Z. Shen %V E]
AN TP RN T C 3 BE A 520, T4 &5 T TC AR
PURIRE FE o IR — 2 50 S5 8 b 1 52 ) 8 A
G E Al e v g SF T TR (Sea Surface
Temperature, SST)F A8 % P K ok Je it A 28 1k
B2 . BN, J. Y. Lee Z" 5 F Vickery [ #E R,
W 5 A A0 A I AR 2 SR G BT T R
T A AR 1 AR SRR o Y. Chen 28 (1 ffF 5% 45
SR A BB A TC BEAR B I 5 & KUY
S A LB, AT B iR AR I A S 40 T VAR M XA A
R

R AR W T 8 A AN T A 1 S TRt
Xt F K B B M 92 o BEATF 58 AN [R) A 2% 1R T LA 2
(A8 Ak, I Al A O R AR SO R
AN TR A 72 W BT X £ DR A 114 5% T, 35 JBCT: Y T
Tk BE A R S AR B I AR R PE B R A B AL
BT Vickery 4= A% 65 KU DL AU 25 JEOA [A] <4 AR
M 5 20T A R i IR A2 114 VR A B ) 5 O 3 Tl T T
T B X & KBS B KU 1 %2 i, R FH Gumbel & KUAR
e AEL XU 43 A B AY L 43 BT Gumbel 43 47 2 501 2% 1k
LA



1 SBEEEREZIME

1.1 KIERT B

BT R A% A8 A6 & 171 2% 51 2 (International Pan-
el on Climate Change, IPCC) 2 Bt & [ &) BT 18] &
YELH 2, 1 3¢ S A G N A=A 48 k1) 7 W R 42 T
M RE 2405 B ARG A 2R CBOA 4TS R R XU DA
K AT RE Y R 7 58 o AR MV B % 4% (Representa-
tive Concentration Pathway, RCP) /& IPCC % H 19
T 2 AR B g AR HERIO BB . 2014 4F TIPCC 5
FR AR CARS) {1 DU Ff 6 42 00 47 45 i 8 A5 A
WEFE AN 1 BT 7R o X 26 B AR R R T A W] A S R
K, AT 3 S H P A R RTRE Y, HL AR R TR R
JUAEHE R MR = R B . RCP #1408
RCP2.6, RCP4.5, RCP6.0 1 RCP8.5 MU Fh , 8 %
2100 4F A] RE A F 5 5 38 (6 00 B 43 391 oy 2.6,4.5,6.0
8.5, H ATl LAFRE A2 TF Bl A, A A &
RCP2.6,RCP4.5 fl RCP8.5 = Ffr , [A It A 3C K FH Y
A AR BB B R =R ] B A G e
BN TTIZ AT LLFE S 1 I [

H A 4t 5 BOR 412138 B iy 8 R S A
B T 28 ok i, B U e ) 0 X 4 BRI TR N 4% T Vg
JK IR BE A R 20 . RCP8.5 A5 A8 I i

12F  — BifE [~
~ —RCP2.6
E g} ——RCP45
: ——RCP6.0
=3 gl —RCP8S
R
& 3 W
OM
1850 1900 1950 2000 2050 2100 2150 2200 2250 2300
A
(a) £FF Ly
12
— EHE
L10F —_Rep26
a1 gk — RCP4.5
B —— RCP6.0
i 6F ——RCP8.S
o}
& 4
% 21 42 models
“ DW
_2 L

1850 1900 19I50 20I00 20‘50 2100 21I50 2200 22I50 2300
(b) 2112 K LS SRS 1
BT A BRAFF- X 0 Y B, 225 - 3 fH 1986~2005 4F- 4]
[543 JEE
Fig.1 Predictions of global mean surface temperatures rela-

tive to 1986~2005 reference period

R, KV I S T R (SST, Sea Surface Tem-
perature) [ 34 15 2538 3 4 °C, IF H H 3L 7E J5) 30 b
X SR, A RE R RCPS.5 B %, 18 AP ¥ i - i
T S 23R B 7 °C |, O XTI KT ) R XU
Bl /A KT I & XU 3l R BRI 52

1.2 BXSHEMEE

VST T R AR R R . DA f
A R OGBS IR S VT TR A Bl 2 X A R
A U 3 R B A RS TR R UL L.
Mudd %% B 2 M A S AR R IR SET &
A R Z  H UE AE . D — J TE, T
AT 3 BN SF- 2 i ] R AT B AR U 38 i
B 7 b R XU PE L WL Cul %19 R B, B 3 JLARE AL
VG VR AR A AR — BRI, SR, P
Webster 55 1INy, A5 A8 B2 4T 42 5Kk 1 Bl N 119 44
HAIENE B B AR IR A B, F L
FWFFE T ot LA PG A0 KOF X A KU A A
AL T C Lee WX R R, 76
1945 4 ~2007 4[], & A AR A8 i 1, {H 5%
BOMGIT L. Y. Chen %" (Y i 5T 2
TG WK B CRA WNES . R 2R AR
IBTrACS & K% #& B8 5, AT DL & 31
1884~1970 4F ] P4 4t K ¥ & KA A 3 ik Ak I
SEBHIE NG, AE 1970 4E 22 7 B E /N . 3G i)
Al BE R A AR £, B A iy TR AR R T 08 OF T IR
JE 3 AT R R B 2 S A 0L I 3 A (9 dn T2
LA ) o SR 1970 45 22 J vk 20 11 J R34 i oA T A
AR A AR WL Cul 7
&, A6 RV VR AR R IR AR T R
EE AL S5 RV 12 Jm b L IX AP A R R # . BF L,
SR SR T, BT A E B A S TR] ) R B R = KA
JE U8 /N H R AT

1880 1900 1920 1940 1960 1930 2000 2020
Sy

P2 PEAE AT 5 KU A 43k T e O
Fig.2 Historical observed frequency of typhoons in North-

western Pacific

367



BT B E R ARG T BAE G KR E
A PDF 87 HLIA R IR B AN A8 0 53 A, R A7 SRS
i 147 45 JRUBE Ay A5 28 (14 i i 3 A I AP o )
Wo M HRUL, A AR IE 1Y & A S Poisson i
FEBLALL > SRT, P. J. Vickery 2R I T 71 — 154y
A KA A 2 AE AR PDF . FEAS SCHf, i 18] 3 TR
Poisson 434 Fl i 351 43 A7 #5 45% FH R U4 D7 58 5 KUAE
S AU, B R T AR KA 2B R G T Y B [ A
B5 B R 1884~2019., A 3R Kolmogorov-Smirnov
T 56 (ks—test)"™ 3k B UE $8L A 43 A1 1) 36 B 02 5 5 3L .
£ 0.05 (1 8 45 X H] 1, % £t 35 43 4 il Poisson 43
A K, p (B4 9 J2: 0.672 2 F1 5.76 X107, [H I, 78
ARICH 7 I A S A Y

KT AR A R & RCE A R
IBTrACS $H 22 e ) 17 s AH, Bl WL G 6 A A

0.07
[
0.06 T
0.05 Poissonr4li
o 0.04F
=]
=~ 0.03F |
001 /| l_—‘
0,001 — N
20 30 40 50 60 70
E I & WEUR

K3 H AR A STk PDF
Fig.3 PDF of annual typhoon frequency

2 BREBREEBEKEE

il 5 ML, AT LAFRAT PY AL R 5 KA 2
BEARGE R 2t — 20 T AT 5 KU A fEL XU

2.1 Vickery & X B 121 R

3 DR BLR 3R A 4 0 B A B0 T XU B — A
RAF R 735" . Vickery 28 56 B AR B RL R T2 R
FH B — A B OB 42 s AR DU Y il 3 R 5 L
aof s Dy ot L 9 8 T R B 65 KU A O 3R

T AR B KGR

Vickery 1) A2 A BB T & KAEFE U, & K
IR SF-H 7 ), DA AR X 5 B, AR AN T

Alnc =a, + a,¢ + a;A + aync; + as0, +e. (1)
AO=0b,+ b+ b5 A+ b,Inb,+ b,0,+ b0, +¢, (2)

In(L,+1)=c,+ c,In(L)+ c,In([,— 1)+ 3)

csIn(I,— 2)+ e, Ts+ s (ATs)+ ¢

X,a(i=1,2,..,5)fMb,(i=1,2,..,6) 45 5 &
3 3 P s A TR A A A B S o M AT
JRURUHR Ak B 5 B RN 28 BE 5 ¢, 2 B R) 26 @ b 19 5 K%
B 50, S B )20 3 Ak (g 5 XURUR SF- B8 XU, 3 [ R
—180"~180°, 0=0 I fL & &5 Ml JL ¥ 3l 5 5 KUAH XS
SRIE T — o, ORI R bR & KR 2
Ap F e K ] R 0 TR 22705 T AR ) 25 i+ 1
WP TR s ATs=Ts | — Tsiec, €0, Fl g2 &M
A R 5% 22 IR R G 1R ABE 38 90 A

22 EREEFERER

— H & XUB i, a0t TG 125 P DT OF- T8 A5 3] i St
A B RUE 23 PP S 0 o 58 3 S AR R T
Ap(L)=Apy-exp(—at,) 4)
a=a,t aAp+e, (5)
Ao, Ap (1) D TR 25 5 Apo f2& 5 KOS Bl B 09 e 22 5
a 2 bl 5 I 1] ¢, BRSNS ) B 48 BORE IR s a0 il @y
SR ML A O 1 S8 e SRR L 8% 25 IR AR
E A8 534
T B 9, T Coriolis J1 A5, 7] 45 R
HE & KURT ] 7Y i 2E A & XU ST R R 24 T
AT (1)~ (5) H g ] )3 2 450 ok DU 4 g
Iy SRR AR
2.3 AR EXIHRE
T8 B2 X7 A 80 3 1 4 15 XU 108 T 17 Ak A IXUHR ~F-
R Vo eI i i SR BV I, 8] 4 R

J Georgious B J& KU B 0V (R /NEUHR T ES
AR A BE B 7, SR VB RN A K (6) s

r r

Vg:% (csina— fr)+ /i (csina— fr )+ 100B4p ( Rm) exp{( Rmax) } (6)

o, e PR T B 5 a2 £ KT B8 KU AR ] 3 1Y)
FAXE & A 3 R oo S 5 K U 245 s B S Holland 2407

WMEL N (6), Al LA A R, 1 B & Vickery 5
AR AL, TCVE ARG 1Y, R AR IBUH 3 2 38 53 IBTrACS

368

0
B PR S DB AU AR I RO PR O R 4
it B AR OC 2 80 AR ST N T il 22 1) 4%
(ANN, Artificial Neural Network) H 1 & R . 19 &
Z 3,1 BRI P. J. Vickery 257 H H g 45 7



WE, 15% s L. nT LR A& P B 2 4
TAEG AR I Bl SSTH A Z RS, K6,
Target Value {83 1 M 7 52 B0 4fs 47 v 445 390 (1 2 58
R, {8, Output Value f{ 38 T AL 7Y 151 0 75 21 (4 18
0 SR P S8 4 TE A B 4 558 Y NI 98 4 Y TE AT
ALk b (R =1),

6
— K =045 - Target+2.15
=194k

1/’

Kl 4 Georigious B & X 37 #5 %1
Fig.4  Georigious gradient wind field model

B=1.38+ 0.0018 4Ap — 0.003 09R,,... Nl , ,
2 3 4 5 6
r*=0.026 (7) B
. N N (a) VIERERIE TR ("=0.436 6)
X, ap MERPOEZE. 6 -
— i =045 + Target+2.11 ¥ 4
PITER RIS "l % R P J. Vickery %52 H 1Y gﬁ%m&

Rmax*ﬁﬂ 9%Ap*n¢ﬂgl%ﬁ’ﬁ% ttﬁggégj'zg%'lﬁz
InR,... = 2.636 — 0.000 050 86(Ap ) + 0.039 489 9¢,

r=0.2765 (8) =
FAT ) R B AT BB 4002 A0 S AT = B |
0.276 5. 4 T ¥ &5 04 P00 L 9F 313 8 % 1 AR 4% R S
— e - . (b) FHEELLA R (F=0.425 9)
‘@,ﬁnrﬁ—]5Efm,zlng$tEEtHTANN1‘ELF!,ﬁéH§s1g* 6 TR TR
moid T 664 L R4 P4 R RO SR PR 2 5 | — etk '

THA IBTrACS £odls FE b 4e it iy & XUECH o A5 AL
AR T VLR Ap Bl @, AR SO W4 0 ~F- TR BE SST
VR i AN 58 o R, TR AR 0 5 R Y p
SST 8 fb thy AT 4% 1 3 K536 50 L

2 3

4 5 6
EEZR I
(c) AL AR (F=0.434 1)

Hirth=0.45 - Target+2.15
{2

2 3 4 5 6
BizfE
(d) SRR (F=0.434 8)
B 6 )2 1E 1] 1% 3o i 25 I 465 (1) 1 B

Fig.6 Performance of two-layer feedforward neural network

Rt
IS 2 AE [0] % 4% it 22 ) 2%

Fig.5 Two-layer feedforward neural network

1 S HOR AT PR B 6 A RUBL M e g 4R 4 BR AR R I8 3T
TAREHAEBGFIBGE . K6RR T =4
B 2 ANN A5 AU 6E B (Y Ve Be (1805 I BE 7= & KURS 8L, AT D 345 75 A0 A F B A KU 4
0.434 1):70% WA T U145, 15% MEER M T4 B R D Tl & KUAEE XGE

369



3.1 AENEEESS

R AR A R R B S s L s
ml, R 2502 & KL E 2 ge it etk . lH e L—
25 6 K A2 15 ) 25 (Kilometer-Posts, KPs) , Wi 22
KPs 7 # Ak & KUGETHRRPE AR DLE 5 D s WA, >R
FIWT 5 KB HERR 1 o ZEAS SO, i v 1 2R g v
T 7 22 1) KPs A6 M [ — s 6 01 50 4, w22 v Bl —
MR . AP KPs 22 ] B9 ¥ 25 02 500 kme

3.2 SEZEXEXEFERm

R T T MR B WESE ABA A SR B 7 RN Y
JE IBTrACS B4 i e 1 1 K7 3 v BN 12 19 65 X
BB AT A S AR T A AR AR A
S AR B I B KB B A 32 & XU sl B L KL
a5 ) R 22 PUAS A S, L 2010 419 5 RS
TEHREMEAE S J0 A A8 A B S v R AT b A . UL,
SAEAS BB AR T A —4F 1Y SST 4%, il 13 R FE 100
AR R TARHEAT & KUBEALL, R AR5 A2 1 & gt 1t
Fe e o X T A — R AR R R 3, A 2010 4F #
21004F (3£ 904F ) , F2R A 90X 100=9 000 4,

5
FHEIBTACS)
4 -
%
-
i3
i
2 -
1 -
% 10 20 30 20
& MU

BT ROFHET R 6 R SRR (IBTrACS % 5
Fig.7 Frequency of typhoon landfalls along Pacific coast of
China (IBTrACS dataset)

W 8(a) it , H WKUAF 25 fili 451 2R 7E AN 7] A8 A8
BE M F R BB R . 3R AR S
s, B 5 RUAF A A 00 % (8] 4) R H BF R A2 |1 PDF .
SR, KP1~KP20 Yy £ AR 25 il A1 238 5 000 725 12 M1
BT 23 b JE A0 AR W2 B W iy, R R BV 5 XUAR
KRR A T B ASAS PDF 38 0 6 16 F 1 i 4
FE A R £ KUY i A (5 BBOAR N 2% 78 T 1 O U T
e 1) 5 RCH A i M 5B ) o T EL L, KP1T~KP20 X
B & RS B ORE A BRI TSR, T
HAREE A (3), i PR T, T AR K
It HLBG oy A A 5] 30 F B0E R H ARk

370

oL I £ KR FE

P 8(b) A 8(c) FF s , % T #3 JAURS 8t 2 A
A DR 877 1 R AR A AT 9 5 0 O K ]
5,30 B 6 24 3R (1) R A SR (2) O R 5 i
PTG HETTL PR L TR A R AT
I AR Vickery 4 £ MUBEUEAIO M

35
3.0f
25¢
@ 20f
% L5f
LOF
05F
U.U Il Il Il L 1 1
0 5 10 15 20 25 30 35 40 45
& R A
(a) B FHH

TR (mes™)

0 5 10 15 20 25 30 35 40 45

B KU R R
(b) PR
80
60
40t
g
i
poul
B
_SU L L L L 'l L 'l 1
5 10 15 20 25 30 35 40 45
5 R R A
(c) FEEF 1A
50
40t
2
W 3
2
5 201
=
10t

00 5 10 15 20 25 30 35 40 45
MU i R
(d) i3

—— 88T condition in year 2010 —RCP2.6 —=RCP4.5 —— RCS.5

E8  JC AR AR g i (2010 4F KM % ), RCP2.6,
RCP4.5,RCP8.5 AR M B BE T 7 MU UL 45 24 H
Fig.8 Comparison of typhoon simulation results under no
global warming scenario (climate condition in 2010),
RCP2.6, RCP4.5, and RCP8.5 scenarios



W 8(d) FizR , A A8 B8 X 5 Ko JE 25 (1
I 5 KURH 6T 5 3 ) A A AR B A 5 M), 3 A Rk
5 1 T I T v 2 I KU (5 DUFE AF O 4
MW ES) o & Ko K 28 19 3 &7 KP35~
KPA3 5B G, 35K 2 BRI Oy v P 1 ek J3E A 3 6 437
Sl A =1 A Ly N £ e iy N SR B SR G A TR 1 A
AR N TS AR A MmN, X T
B R FE 25 (R & JXUR X 5ik BE ) 7E 3% 4~ KPs |38
EAZRHEN . IF BT A Ko 2
B R ) 8 2 SRS A, B U KIP33 3 A A5, A5 A6 72 1 1)
A IE N

3.3 ARFREREF TS

a2 (6) F 2.3 797 4R H 1 3 ANN 11 B2t
KR, B S5 G & KA AR Z5 5L, AT AT
LA 3 HE A 4 7 Ak 5 KRR T BE A PDF,
B9 FT7R o DAL ), B 10 R T Jo <A A% B8
i A B IR g B AL 5 IXUAE B XU PDF (i £ 57
Hiy , AR 1 5 KU R R 5 S A T ) I KURE
B i K AE ) L % Gumbel 20 i xF L& (i i
ks-test) , WA () 7w
Slolp(e),e(t))

0.025
0.020
0.015
0.010
0.005

0.000

R
(a) J31l

PDF

0.0
0.025

02
0.020

04
0.015
0.010 0.6
0.005 08
0.000

1.0

T
(c) A
PO o E AR A KUXGE X ) 86 45 PDF
Fig.9 Joint PDF of typhoon wind speed and direction for rep-

resentative coastal cities in China

AL — e L
0.04- ! ~ === Gumbel

000.]'"

0 10 20 30 40 50 60 70 80 90
R /(m - s)

P10 Al A i KR B2 Ak 45 A B XU PDF (0168 722 182
fEBL)

Fig.10 Annual extreme wind speed PDF at gradient height

in Zhoushan (no global warming scenario)

K, u(2) R Gumbel 434 B2 28050 (1) Gum-
bel 534 (Y IE AR Z 885 ¢ R BF ) (4F) o 4 2R Gumbel 53
AW S BORAET R, p(0) A o (1) 2 Bl 25 B 8] 2T
AR

A SCHEGE KB, A T o B AR e T R T, B
KA B 50 A % JH Gumbel 43 A5 1T L %58 4 4l 35 47 401
A WL, A AR A BRI T FRAT R R R A
Gumbel 43 i & AL BE T & WAEAE 7310 , BL S
p(O)Fo ()2 2B SH, o, B/ 11 RR TR
I 7E RCP8.5 A M AL AR B T, & KUAF M AH 43 A
B AR R o AR SR MmN G w(2) Fl o ()
Wi FsF ) £ 75 Ak R

0.06
— 20104
0.05F -20504F
—21004F
0.04
& 0.0
2 0.03
0.02F
0.01F
000=10 20 30 40 50 60 70 80

G / (m - s7)
F11 AR B AR KGR PDF 8 RCP8.5 A 28 Ak B 15 T i1 i 2%
e CBRYITT S 4]
Fig.11 Time-varying characteristics of annual extreme wind
speed PDF under RCP8.5 global warming scenario

(a case study of Shenzhen)

S 1L A7 F KP21 B, (30.06°N, 121.92°E ),
B 12 J8R TR w () F o () FEAS[R) S A 72 MR ARk
TR ET AR KR . LM [ A8, AT DL R B L T
049 15 IRUAF A AL 53 A %o T A0 A28 Ak (A S0 R 2% JEEF- 1
T ) AU, XA EE ARG R R 8(d) i 4
TR KP21 BT 5 AU 0 i 282 F1 S IXUAF 25 i 4 R A

371



RCP2.6
RCP4.5
RCPS.5
E=1 g, g e Oe

2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

(a) B &Hu
1.0
RCP2.6
RCP4.5
10,0 RCP8.5
S oo} o = A
® L o W e BT
?980. B e et et
L . Torr e e —]
e . 4 e SR
70" . ’ .

6.0 1 L L L 1 L 1 1
2010 2020 2030 2040 2050 2060 2070 2080 20590 2100

) AR 8o
P12 Ak LT AR B R A A 72 IR R ¥ T Gumbel 43 7
4 A2 2 8
Fig.12 Time-varying parameters of Gumbel distribution for
annual extreme wind speeds under global warming
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scenarios in Shenzhen
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