P HFE 224 JOURNAL OF TROPICAL OCEANOGRAPHY 2023 4F 454238 45 1M 32-42

T PEL doi:10.11978/2021145 http://www.jto.ac.cn

& XUFTER T O K1 7K B 2200 43 #r

B REA Y TR ke, AR, R
. B R R R SR E AR B, )4 )N 510310;

- BRI A ] K T S = (R B B TR TR SR IT), | AR T 510301
MRS S TR AR SR E (M), AR T 511458;

. P E R B R A IR ST TR SERE, | 4R T 510301;

- PEBEBE R, JLaT 100049

[ O S

FE: RILOWREREW R EN L, BZE XM ERE . AR5 REEE 30 a(1990—2019) ARk s /K #4714
Bro SESREIR: AR X SR BB K A 78 1k, (AR KR K (99.9% 05 B i 43R (1.62em-a "), REBRFE L
Ui AR T 9 S BE AN AR K 7EIX 30a HL, A 20a AR IR KHEZK A A T 6 WU (5 66.7%), 2018 4R 3R & XL 7775 R 3
IKIGEH IR 254cm, ST 30a HiR M KU UCE S0 B & KU s KR R R ES 248 500~800km., 76 5 KU IR FET Y, 57K
SRS 6 KR B R I IAMEC R, SEEG KA OIER N B8 HOCR . 200l R & KGR BE A RIFE IR (5 KU R UE
T R KGRI KRG AR, 45 A s BE 5 KO B BE RS, X34k TRl G, 2 3R 5 B 2 A o XUR S 7K ) 220 i 35 R e
HF[S,=3.23¢0056Px(I" ~3.90)+4.48, R*=0.78, RMSE=9.69cm], iXUEAIF5T4E B rl 2 TFR 2R VT 10 KB 9 = R, & KUK
FRHUSL LI UEGORE, I XU 9 T KU Al 5 0 e SR 4 22 ki

KR G X KK BRI A

FES2S: P73123 CEEFIREG: A XEHRS: 1009-5470(2023)01-0032-11

Effect of typhoon on storm surge in the Pearl River Estuary
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Abstract: Storm surge disasters occur frequently along the Pearl River Estuary and are significantly affected by typhoon. This study
analyzed the extreme surge at the Chiwan Station in the Pearl River Estuary during the past 30 years (1990-2019). The results show
that the average annual storm surge in this region has not changed significantly recent years, but the extreme storm surge (99.9
quantile) has increased greatly (1.62 cm-a™'), which means that the extreme storm surge disasters have continued to increase. In the
past 30 years, the annual maximum storm surge in 20 years occurred during typhoons (accounting for 66.7%). In 2018, the maximum

storm surge caused by super typhoon “mangkhut” reached 254 cm, which was the largest storm surge disaster in the past 30 years.
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The maximum response distance of storm surge to typhoon is about 500~800 km. Within the influence range of typhoon, the storm
surge has an approximate linear relationship with typhoon intensity, and an exponential relationship with the distance from typhoon
center. Different indexes of typhoon intensity (minimum pressure, maximum wind speed and maximum wind speed radius of
typhoon center) were used to fit the storm surge with the distance from the observation station to the typhoon center, and it was
found that the combination of wind speed and distance had the best description effect on storm surge (S,=3.23e %¢Px

3.90)+4.48, R*=0.78, RMSE=9.69 cm). These results can improve the understanding of local storm surge disaster, provide validation

data for typhoon storm surge simulation and reference for storm surge disaster risk assessment and response decision.

Key words: typhoon; storm surge; Pear River Estuary
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Fig. 6

The relationship between storm surge and typhoon intensity when the distance between typhoon center and the

Chiwan station is 0~500 km (a~c), 500~1000 km (d~f), 1000~1500 km (g~i) and greater than 2000 km (j~1). The first column
shows the relationship between storm surge and the minimum pressure in the center of the typhoon, the second column shows
the relationship between storm surge and the maximum wind speed, and the third column shows the relationship between
storm surge and the radius of the maximum wind speed. The solid red lines in (a~c) show the linear fitting results
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Fig. 7 Actual storm surge (a, d, g), empirical model fitting storm surge (b, e, h) and their comparison (e, f, i) by considering
typhoon intensity (maximum wind speed, maximum wind speed radius and central minimum pressure) and distance from

typhoon center

A7 IR DA ) A DB AU AR AT B DU S
EZAZAN A J7 SN RE BRIk, 17 ELXS 5 R K A Y

TMRALZ) 20%, - HAFE—E R JRRYE. XAlfEs
HEIKIEZ WO G ) 25, 2007). & XS 3 (A



40 o | IR

Vol. 42, No. 1/ Jan., 2023

0% A, 2013; BEEMS AF, 2020). G USR5 XU Bl
fr B @b T 45, 2010; WEHAGE 4%, 2019; 5K& 55, 2019;
TR AE, 2020), WEREAR . FERN . /K (Benavente et
al, 2006). ¥ (FFER 4%, 2001; Yang et al, 2019).,
T VH (Bertin et al, 2012)%5 22 Fh R & AU 520 (R 45,
2000, 2017)45 %, Hr, REH R TTEAEER KT
ibas 22 50k, T L A B A N5 15 B A
RIS T HAR SRR BT, BRIL, #2455 A5 b i
CERH BT LR, SR R K G EstE, teoh,
— T A b v SUE = 1 BBl ke o 15 IKUBR BE,
ZARFRER B 5 IR T P S X LR RRAIE, Se iR T
WF5E P SUNESR 3 5 KI5 40 06 R IR B — RSF S50
JRIBRYE, SR FZAE bR K AT B 2 1 — 2L 4R THE
FIRERATE(Guo et al, 2017), 734F, H1F 1990—2019 4F
I B R il AR Sl 1) i IR A B, XL RSO A
SO, A4 TR R i ) B ORI 2 5 B BT ST
o b — A AT A P

3 sk

g

PRVL O S T R TR At S RN 2 055 A6 77 1
B O Iz — o %22 XX (7 S5 0
Ak X 3 R 1 By I D 55 R VR A i R S
N FHMME . ABFFESHT T3 30a(1990—2019 4F)K

52 W Hk References

PRVL T R V5w 1 KRR KB, e B2 XS4 144
K A B S AR Ak, AFAR 0 155 (99.9% 73 (v £50) 4 7K i
FETEZ W ETF(1.62emea "), i B i XU SR 80 ¢ il i
JEARWIAE R o i X IK 32 5 KU sEma iR, i
BERAER, TEARMFFETOCHER 30a T 20a HY4E
RIS KA T BRI 66.7%). & XEET
Z LNk . 500~800km i, AIFSE X Il F 4t B4 K
BB B BE/K . FEZIE N, KR S & KU S o
HEREMXR, SEGKPOHERREIECER, ET
DCRERFAE, SR FH I K KGR AE 5 R, 256 i AR i
XK AT, 153 H KU K 10 2850 ¢ R AR R
NS, = 323700060 (1, — 3.90) + 4.48 . AN}
B 7K BP0 R (R*=0.78, RMSE=9.69¢m) i % 55 T~ L)
£ KUK KR B O SRS R AE B R 14 7
o X SBIIFTTZE T AT Sk 24 1 XU 0 o XU PP B2 A3t
B SRR, IRAT S KRR AL S TE 5 DL Ak At
eI

S SRAHIFGT T 43 M7 (8 W00 4500 1sF [ 25 3K 30a,
RN 9 5 IR DAy v T S Al i 2 3 AP ) A
RN 50 AFE—IBE A AE— BB, PR ER, %
PETE 15 KU 1 ¢ 3 04 KU DAk 5 T g T, — T
I EHE RS BT D, 5 — A
TS & T 2 WL Bk — DA B AR AL

Wik, BRZRT, 2000. | PEHTEUS L RS ok 5 & XU A
BRI SE R[], PR, 7(4): 282-285. CHEN BO,
QIU SHAOFANG, 2000. Impacts of typhoon course and
landform on water level fluctuation in the coastal bays in
Guangxi[J]. Guangxi Sciences, 7(4): 282-285 (in Chinese
with English abstract).

Wi, #AME, BRE S, &, 2017, mEdtiB & KGR AY) PEi R
HOKIFFE ). AR IHIVA AR, (2): 1-11. CHEN BO, DONG
DEXIN, CHEN XIANYUN, et al, 2017. A research on
fluctuations of water level in Guangxi coast caused by
typhoons in the northern South China Sea[J]. Transactions of
Oceanology and Limnology, (2): 1-11 (in Chinese with
English abstract).

HONA, 2B, BRI, 4, 2014, |24 KR 25 40 A R HE L
I T X W KU F 9 (D). 9 T AA AR, 36(3): 83-93.
DONG JIANXI, LI TAO, HOU JINGMING, et al, 2014. The
characteristics of temporal and spatial distribution of storm
surge in Guangdong Province and storm surge hazard study at
Yangjiang City[J]. Acta Oceanologica Sinica, 36(3): 83-93
(in Chinese with English abstract).

IR MRS LT, (2017-03-22). ]G W EEK FE AR
2016[EB/OL].  http://nr.gd.gov.cn/zwgknew/tzgg/gg/content
/post_3186916.html (in Chinese).

JUARARMGTE S WOILT, (2018-04-23). AR A I VE K AR
2017[EB/OL].  http://nr.gd.gov.cn/zwgknew/sjfb/tjsj/content
/post_3186924.html (in Chinese).

SRHLAE, 1991, T B UK BT UIER )], B S RF2 54, (5):
18-22 (in Chinese).

i, 2019. & RULATFI RS XS BRI KU K 2w 0],
MIAKH, (8): 4749, 53. HAN JING, 2019. Effect of typhoon
“Hato” and “Mangkhut” on rainfall of Storm Surge in Zhuhai
coastal area-taking Sanzao hydrological station as an
example[J]. Jilin Water Resources, (8): 4749, 53 (in Chinese
with English abstract).

R, W, 2013, HUNTE & KU G K S AR BB S BT D).
o I R 2F R, 43(7): 1-6. HAN SHUZONG, PAN
CHONG, 2013. Numerical simulation and analysis of storm
surge in the Hangzhou bay[J]. Periodical of Ocean University
of China, 43(7): 1-6 (in Chinese with English abstract).

Wit B, =T, #XFE, 45, 2008, WiTLHE#E & XAER T X2
T 1 K B 2> B (7). 1 2 TR, 26(3): 58-64. HUANG
SHICHANG, LI YUCHENG, ZHAO XIN, et al, 2008.
Numerical analysis of storm surge due to a super typhoon in
coastal region of Zhejiang province[J]. The Ocean
Engineering, 26(3): 58—64 (in Chinese with English abstract).

PR, TR, AR, 4E, 2020, BURIERAR T A KU TR T



1R S5 - 5 AR R VT 1 U 3 7K 14 5 i 43 A

41

VLol B OK BB 73 BT (0], PR TUR, 37(5): 59-66. LIANG
LIANSONG, ZHANG ZHAO, GU DONGMING, et al, 2020.
Numerical analysis of typhoon's moving speed adjustment
influence on storm surge of Aojiang station under typical
route[J]. Marine Forecasts, 37(5): 59-66 (in Chinese with
English abstract).

XUBRE, G, 2RI, 45, 2018, “KA% & KT TR S AL
EBFFE ). W PEFE, 35(1): 29-36. LIU QIUXING, FU
CIFU, LI MINGIIE, et al, 2018. Storm surge forecast and
numerical study of “Hato” Typhoon[J]. Marine Forecasts,
35(1): 29-36 (in Chinese with English abstract).

XU, BACF, I, 4%, 2021, BRYLITF 1822 %5 & M ILAT18]
(] JAZR B KA BCRE R 23 e (0] TR TR, 38(2): 12-20.
LIU SHICHENG, CHEN YONGPING, TAN YA, et al, 2021.
Storm surge simulation and characteristic analysis during
typhoon “Mangkhut” 2018 in the Pearl River Estuary[J].
Marine Forecasts, 38(2): 12-20 (in Chinese with English
abstract).

A-iEdRe, XEL REL, 55, 2011, PRI S XEBOK I Fak:
PEPHAG 1], SRR 2 4R (AR BLAR), (6): 20-25, 35.
NIU HAIYAN, LIU MIN, LU MIN, et al, 2011. Risk

assessment of typhoon hazard factors in China coastal areas[J].

Journal of East China Normal University (Natural Science),
(6): 20-25, 35 (in Chinese with English abstract).

WG, fLZ, #7505, 45, 2019. 5 XUHARXIEE T 11K s i)
Bt BRI BLRI[T]. PATEEAAR, 38(3): 53-67. PAN
MINGIJIE, KONG JUN, YANG FANG, et al, 2019. The
particular influence caused by typhoon path on salt intrusion
in the Modaomen Waterway, China[J]. Journal of Tropical
Oceanography, 38(3): 53-67 (in Chinese with English
abstract).

ERERA, T, B, 2011, RS SR o RV A X
K TNEE T T[], P EE2EHE, 30(6): 31-36. WANG
KANGFASHENG, YIN ZHAN’E, YIN JIE, 2011. Analysis
on typhoon-induced storm surge vulnerability of China’s
coastal areas on rising sea level background[J]. Journal of
Tropical Oceanography, 30(6): 31-36 (in Chinese with
English abstract).

T, FUE, B, %, 2020. SR ALTEREIHC 5 S5
Y& MBI BRAR A% L B TRART]. 224, 39(1):
53-65. WANG MIN, YIN YIXING, CHEN XIAOYANG, et
al, 2020. Comparison and prediction of unusual-turning tracks
of typhoons Nock-ten and Orma[J]. Journal of Tropical
Oceanography, 39(1): 53-65 (in Chinese with English
abstract).

TR, THRIL, XB, 45, 2010. R HETEERT AL & KU
A B BHREARB T BN ], PR, 27(5): 7-15.
WANG PEITAO, YU FUJIANG, LIU QIUXING, et al, 2010.
Study of refined ensemble numerical typhoon surge forecast
technology for Fujian coast[J]. Marine Forecasts, 27(5): 7-15
(in Chinese with English abstract).

BAeTE, X, 2010. [k KU IE K 5 Ha SO b 25 5%
AR I8, 29(1): 122-127. WEI XIAOYU,

LIU XUEFENG, 2010. Relation between storm surge and
elements of landing location and path of tropical cyclone at
Zhapo station[J]. Journal of Oceanography in Taiwan Strait,
29(1): 122—127 (in Chinese with English abstract).

SR, RRFEE, WHELAE, 2012, K2 KU 8 K IR (B TR WA
[7]. BHEE A, (9): 41-42. WU HAIJUN, XIANG HAIBO,
XIE JULUN, 2012. Pilot study of the prediction of the
extremum water plus of Yongshu[J]. Science & Technology
Information, (9): 41-42 (in Chinese with English abstract).

WHIE y, #EE, TEGEE, 45, 2007, BRIV BRSNS
T BT[], MR T AR, 25(3): 61-67. XIE YALL
HUANG SHICHANG, WANG RUIFENG, 2007. Numerical
simulation of effects of reclamation in Qiantang Estuary on
storm surge at Hangzhou Bay[J]. The Ocean Engineering,
25(3): 61-67 (in Chinese with English abstract).

BRIE, RRAE, 2017, BRMHEEIR G KUXEIH G R B 53
rio. NEERIL, 38(1): 43-47. YANG XUANGE, ZHU
LIANGSHENG, 2017. Numerical simulation and analysis of
storm surge in the Qiongzhou Strait[J]. Pearl River, 38(1): 43—
47 (in Chinese with English abstract).

FrEM, T, 5, 45, 2001, EEEIRANS KA LA
XTI TR (Y BB IFTE (). WP S 1T, 32(1): 109-116.
YIN BAOSHU, WANG TAO, HOU YIJUN et al, 2001.
Numerical study of the influence of waves and tide-surge
interaction on waves in Bohai Sea[J]. Oceanologia et
Limnologia Sinica, 32(1): 109-116 (in Chinese with English
abstract).

R, B4, REASGE, 4%, 2019. Tk E R & XU K
FOB oy B (0. PO TR R, 38(1): 35-42. YIN
CHENGTUAN, ZHANG JINSHAN, XIONG MENGIIE, et al,
2019. Trend analysis of typhoon and storm surge disaster on
the South China Sea coast of China[J]. Journal of Tropical
Oceanography, 38(1): 3542 (in Chinese with English
abstract).

FHLT, i, B, 45 2012, REEFES S HHRLS BUR S
RIB[]. SEPRHLHEE, 2(6): 17-26. YIN JINYONG, XU
JING, CAO YUENAN, et al, 2012. The development and
current status of marine weather forecasting operation in
China[J].
Technology, 2(6): 17-26 (in Chinese with English abstract).

THITL, S A, i3, 2015, i [E XU 9 soRHEE : 1949
2009[M]. db.5%: ¥ T A, YU FUJIANG, DONG JIANXI,
YE LIN, 2015. Collection of storm surge disasters historical
data in China 1949-2009[M]. Beijing: China Ocean Press (in
Chinese with English abstract).

SR, B, WeA, S, 2019, TR TR KB BE B R DT
1], PEFEREAR, 38(2): 1-12. ZHANG MIN, LUO JUN,
HU JINLEI, et al, 2019. Inundation risk assessment of storm
surge along Lei Zhou coastal areas[J]. Journal of Tropical
Oceanography, 38(2): 1-12 (in Chinese with English abstract).

FIARBEURTR, T MR, (2019-04-28). 1 EREGFFE I E AR
2018[EB/OL]. http://gi.mnr.gov.cn/201905/t20190510
_2411197.html. Natural Resources Ministry, Marine Early

Advances in Meteorological Science and



42 o | IR

Vol. 42, No. 1/ Jan., 2023

Warning and Monitoring Division, (2019-04-28). Bulletin of
China marine disaster 2018[EB/OL]

ATKINSON G D, HOLLIDAY C R, 1977. Tropical cyclone
minimum sea level pressure/maximum sustained wind
relationship for the western North Pacific[J]. Monthly
Weather Review, 105(4): 421-427.

BENAVENTE J, DEL RiO L, GRACIA F I, et al, 2006. Coastal
flooding hazard related to storms and coastal evolution in
Valdelagrana spit (Cadiz Bay Natural Park, SW Spain)[J].
Continental Shelf Research, 26(9): 1061-1076.

BERTIN X, BRUNEAU N, BREILH J F, et al, 2012. Importance
of wave age and resonance in storm surges: the case Xynthia,
bay of Biscay[J]. Ocean Modelling, 42: 16-30.

FAN LIJUN, 2014. Quantile trends in temperature extremes in
China[J]. Atmospheric and Oceanic Science Letters, 4(7):
304-308.

GAO NA, MA YI, ZHAO MINGLI, et al, 2020. Quantile analysis
of long-term trends of near-surface chlorophyll-a in the Pearl
River Plume[J]. Water, 12(6): 1662.

GUO XI, TAN ZHEMIN, 2017. Tropical cyclone fullness: a new
concept for interpreting storm intensity[J]. Geophysical
Research Letters, 44(9): 4324-4331.

JORDAN II M R, CLAYSON C A, 2008. A new approach to using
wind speed for prediction of tropical cyclone generated storm
surge[J]. Geophysical Research Letters, 35(13): L13802.

KOENKER R, HALLOCK K F, 2001. Quantile regression[J].
Journal of Economic Perspectives, 15(4): 143—156.

LU XIAOQIN, YU HUL YING MING, et al, 2021. Western north
pacific tropical cyclone database created by the China
meteorological administration[J]. Advances in Atmospheric
Sciences, 38(4): 690—699.

MOON S R, PARK S J, KANG J W, et al, 2006. Numerical
simulations of storm surge/coastal flooding at Mokpo coastal
zone by MIKE21 model[J]. Journal of Korean Society of
Coastal and Ocean Engineers, 18(4): 348-359.

THIRUVENKATASAMY K, MOHAMED R P, MAHESH K S,
2017. Estimation of extreme storm surge for the Chennai coast
using Delft3D[J]. TERI Information Digest on Energy and
Environment, 16(4): 391-400.

WANG SHUAIL TOUMI R, 2021. Recent migration of tropical
cyclones toward coasts[J]. Science, 371(6528): 514-517.

YANG WANKANG, YIN BAOSHU, FENG XINGRU, et al, 2019.
The effect of nonlinear factors on tide-surge interaction: a
case study of Typhoon Rammasun in Tieshan Bay, China[J].
Estuarine, Coastal and Shelf Science, 219: 420-428.

YING MING, ZHANG WEI, YU HUI, et al, 2014. An overview of
the China meteorological administration tropical cyclone
database[J]. Journal of Atmospheric and Oceanic Technology,
31(2): 287-301.



