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Abstract  The spatial distribution characteristics of tropical cyclone (TC) rainfall and direct economic losses incurred
by TCs in Guangdong Province are systematically studied based on historical observation data. The results show that the
coastal areas of western Guangdong are most frequently affected by TC winds, whereas the economic loss rates and
disaster frequencies are much larger in the southwestern and eastern seashore areas of Guangdong. According to the
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spatial distribution characteristics of TC precipitation, high winds and rate of economic loss, Guangdong Province is

divided into four regions. The evolutionary modeling method is then used to build the assessment model of TC economic

loss rate in each region. The correlation coefficient between the simulated TC economic loss rate and the actual value is

larger than 0.66, and the correlation coefficient between the pre-evaluation results and the actual values of independent

samples reaches above 0.61 (significant at the level of ¢=0.05). This result shows that the regional assessment model

based on the evolutionary modeling method has potential application value in the assessment of TC disaster in

Guangdong Province.

Keywords Tropical cyclones disaster assessment, County unit, Economic loss rate, Affected people rate, Evolutionary

modeling

1 3

jillls

FEE A L #E sz #Gi e (tropical cyclone,
TC) Mg/ EREF L —. FIRTEH 168 4
TC 45 30 e B K RS I (/N 4E, 2006)
H Ay 8 AN AR Bl TC (E/NBHUEAR S, 2008),
DR A 6 it £ TC AR AT i o] e [T Bl A58 O ) 4 540
& GRIMIMEE, 2015), 3T 60 452K, T &g
(0°~45°N, 95°E~140°E) TC HHAIF-Hy i i &
HLEg) R REaE, Hix 10 4k, X Rt
RIS 12 00 S VA 053] TC BEORT 3 B2 A A W]
BN (A5, 2013). XL LL BT TC i
PR 38 0 S B 4F K (2004~2013 4F) B EF
PIRFAE TC 1 St HEEA TR L EAS 10 4E(1994~
2003 45 [FPPAMEIG N T 12% GRS, 2015).
Rk, 2 sS4 RIPEAG TC KERK, XTI
TC K FHNRE P RAHEE S L.

AR TC K ER RS AR 24
HRETHZ K T/E (Watson and Johnson, 2004). iX
SR AR SR EnT 3ok 3 28 — IR T e
3, 4 Vickery et al. (2006) #3755 & 22 SRR
WA (Hazards U.S. Multi-Hazard); 55 —25&
BTGk J5ik, WA T E (RGR A NS 444,
1995), JZIRHTE (FHFEMEE, 20065 2245,
2008), BEAZ WA B2, 2001 fTRIF
MRS, 2002; PRIAAESE, 2009) 5%, WEHET
TC KERHKRAEG KFEAK . KRR AP 5
My SRR T AR M iR L A Y, K
OOCITTE CIRABUEAIATEN A, 2013). BOMIE
ik (BERPAIGELEE, 20005 HhiE %%, 2008).
BP (Back Propagation, X [ 44 ) £ W 4 A 7Y (%
A, 2009). [ EALAEAY (Zhang and Lou, 2010)
G o TC UK FERRAMN G TC ARG LA K,

WP KRG FZ L Wagg AR =gy, 2 —A
RL MR R GAT WG R . Bk, F e E A
TiEVHE TC KEFEHURBA —E R R RYE CT ik
MIZsgF, 2008; Dingetal., 2017), T4 K JE K
T T 5 2 R G003 M IR A A BT V0 e 8 AR 47
T T ARG I T PR A B AR 12 VE B E AR
T AEY A B, Al SR A E AR RN AR
TR A AL 1T A JRE AEC K ) — 2R SR gk T 85 ) S48 e 1 7
oo T ECEBTNERATBAL. AENHH Y
SVEERHAE,  H AT O RN T AL ) AR
Sl TR AU (AT RRER S, 2005 i SCF4E,
2012; Louetal., 2012; Wan et al., 2012; Wang et al.,
2015; He et al., 2016),

BT, {EIE TC KEM KPR T
i, HOPE 8 R K2 R Wl #FH A (XL 1D
YRR, TR T2 a) L S G 4 ) TC 9CF 4
RVPAL I TAETF e/ CHBRARSE, 2007). P
FAE (XL Ty, TR TC M, I
G, KERUR R H (R ERAE, 2008; &
WA, 2015; AUESE, 2017). 1949~2006 4,
SEYIRRAE BB TC A 3.76 A, Hor Koy 2 i
PG RV FEYES %440 TUEs, mEEAR ik,
AR WM 4B B H X8 Bl gD CEHIERES:, 2008,
2011)0 AFIL, JUAREHLIX 52 TC MR BEAEAERR
Fgto B, ASCHURIT) R BRIt TC K
TR WEURAIMEI) 848 TC K F K AL
o3A, JER RS T VA S B R T TC K
TAUR VPR, AT A 5 WUICT R B T A4
PHERHAK T

2 ZERINTTE

21 &H#
P E R TC Bk A (Bair e %) O



S =7 N R i 23 %
506 Climatic and Environmental Research Vol. 23

REI

RIE2 Hii T

A,

B B 2 SRR S (PSSR 285 A B T3

Fig. 1 Schematic diagram of the crossover operation for binary trees [a new offspring (new binary tree) can be produced by the operation of crossover

between two parents (cold binary tree)]

E <% )R, 2005~2015), fH5 TC #42. Ui
ICACH AT e K R SE Bk} . AR & w2
Bk B EAZR R E G RO, BFE T 2004~
2014 4F) R 85 ARG I i H Bk A H
B KRG I AT AR FEZF (2001 )\ Ren et al. (2007).
Flide s (2016) £ H Il & MRS Hrde R
Jiik, K TC Sgmiliie] TC SEmiyu W k% 6
DI 1 0 DR R 7K Bk ok o o SO AL H 4k
N H R R 6 2% (10.8 m/s) M LA B[ REL.

2004~2014 ) R HEE (B, X, 1) TC
JAE TR A E A% R B S SRR,
T RA 122 AESATEUR T 417 490
Ko BRI FKAREY TRKHIX . BH., &
Wi BEAGTMKREF L. ACERH T (h
EHuk gt % (Bis)) (ERGH RS
SR E], 2004~2014) T 448 & HA 0 A
[&2E 7 B8 (Gross Domestic Product, GDP) % K} .
22 FHiE

AL 32 2R A R e B DA B 2 25
¥, DAt AR IR S5, R LI 5 e
W TR ARG T, WE —MRT r E
BT O3 R AT BAR FH A ORI T8 Ak
ATRAE (B Do AL FERRR W (i 30
G, 2012; EMIGE, 2014):

(1) ARG, IR AT TRAL

(2) WEBRM S, WIS REEE RN,
W e By AR FREREL. BRI R
PRECSED, EAEAK o TR A, RIaa R
TERUAE, FPREs A AR, = SUR IR SR, Tl
FEZ ARG | A RS, A AR R D LA A

(3) BENLRIEAA I T R AT

(4) MR T B AR CGatfe A2 5,

UL & 1, http://www.obitko.com/tutorials/genetic-

VIR
v

R [

'

A

ZRATIHAL

 BGETRAE

v
VTN

4 )

B2 A B R
Fig. 2 Flowchart of evolutionary modeling

algorithms/crossover-mutation.php, [2018-6-29]);

(5) VSRR VAR

(6) XMEHEAT B PR, ORAF P 1

(7> IFR5 RT3 BEAT A A

(8) BEHEE 5, HRIRRNE 2 PP Em
FEHLAAT N 1k

(9 ¥l AR Bl )y 2 T5 REAE R st A A
FR T 5

BRI B ] 2 25, ASCrhadE Al
R A S P AR IR 7 AR R a5 R S T



4 1 HROCEE: TR T N TR BEROR A SRR PG T I 5E: - LT R4 A
No.4  ZHANG Wen et al. A Study on Evaluation Method of Tropical Cyclone Disaster Assessment Based on Artificial ... 507

R REA Z IR T 22, 7 22180/ W [l i 5 R B
If.

Fh2 0w A W 22 AR 43 A () B B0 D1 o
JEERE [ — by DA AN [R] IS 3 36 1l 11 9 36408 2R ] g A
[f] (Pielke and Landsea, 1998; Pielke et al., 2008),
N T R B S AT R BRI, LT
ST TC RS T KA

E=my/mgpp X 100%, 1

Forhr, mo Ay TC R FRIE B2 — B A TT it HERAUF

K, mepp N FEIZ B IT GDP. AT

ARG A VR LA (FRIIHSE, 2009).
Hfpldth, T TC RN 529K

H=Py/PX100%, (2)

Hrr, P2y TC R IE B 3 — B IT I 32 KN
H, Py R B e AN DR

3 FHRESH

3.1 TC KBS 4FE

2004~2013 4F, | AHREPHRHAE TC &Rk
KA A AT AN S, TR X K —
300~500 mm, AT, il AR, $EFHAEH
/K R 500 mm, MiAbERERSC. 2EPCHI A b
X K EAL 200 mm ([ 3a). “FHEET KA
TC FEAKAFAIR — AT 4~6 W, FpynrT. Al
B A5k 6 YCBA L 17 AR LIS IR OCAN A2 4 IR(K]
3b)e SPIERKIN TC bR B 7K Bt 7 i X
K, —HAH 70~90 mm, F#HFHFHLAE 90 mm PL I,
MR ZERIE X AL 50 mm (& 3¢).

2004~2013 4, |74 TC KK TS AT eV
FIER =S CRZES Bhiliy 7N V00T S Al
TRWE. HOND HhX, HApHbT. R, BT, 0.
lr s IRINAE RV REAE R IR H 2, 1R
THIE VYR AN R A H B E 0.2 d
(K 3d). WNEZEFHR TC KR FEESIRKE,
YU RS2 TC KA s S X,
KRR 1 kAR TC KGR, Hrp BT
X TC KRG FHESIR (3.5a ) W AeBRE, WL
(22aH) HKZ (E3e). T=MHX 1 TC KX,
ARSI AR IR, o Bk = A 0 b X — A
La ' Dhb. SARREILR TC KRG FEAEAT AR
BN, BT AR I A R 43 H X AR AT A
0.1~0.5a ", BIKZ145 2~10 a #3—K TC KRt

Fio PR TC EFERIR A H 32 2 AT 5
MHEZR, JeIOZE MBH . Ty e i A5 - 35 0
FERRHBAE 1.5d DL (B30, XEW, HRE
ARUTIFHLIX TC KRk 2 U0 B B8 74 RN 2k — £ i
b, AESERAEEVR ) TC 35 B R KR G2 I TR K
32 ["HE TC EFRINEMSTIFE
2004~2013 4F, " 448 EL TC L KA
EEHEN 1.6%, NHZKZFVIEN 12.6%, Hrh
0606 5 “URbbZe” It pGHOCFLIRER K A 6 B4t
KIVEIK, N 33.7%; 0814 Somes X, “ gL
TS N TN RS2 K EZ B R, K 92.6%. WL,
ANF]) TC I Rt I 2 B AR FR RN FI 52 KR 72 R
Ko MG 2004~2013 4E) KA EFK TC i ik
BB C A IR AN 32 KR IR BT, 1%
TEFEARL 10%. 30%. 60%F1 90%7335, 1f LLEZuk
KRN A2 KEZERN 73 A 5 DMEH (R D

x1 "'EEHESHE (Tropical cyclone, TC) ¥ RIRE
MAOZREZER
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affected by Tropical cyclone (TC)-induced disasters in
Guangdong Province
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Fig. 3 (a) Annual average precipitation, (b) annual average precipitation frequency, (c) averaged total rainfall during each process, (d) annual average number

of gale days, (e) annual average occurrence frequency of gales, and (f) averaged number of gale days during each process induced by TCs in Guangdong

Province during 2004-2013
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Fig. 4 (a) Economic loss rate and (b) population rate affected during each TC process in Guangdong Pronvince averaged over 2004—2013
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Fig. 5 Actual values and simulated values corresponding to economic loss rates caused by TCs on county level in individual regions of (a) western Guangdong, (b)

the Pearl River Delta, (c) eastern Guangdong, and (d) northern Guangdong
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Fig. 6 Actual values (blue curved lines) and pre- evaluated values (red curved lines) of economic loss caused by TCs on county level in various regions of (a)

western Guangdong, (b) the Pearl River Delta, (c) eastern Guangdong, and (d) northern Guangdong
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