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Abstract

In the past 10 years, storm surge, waves and other marine disasters have caused more than 2 bil-
lion yuan of economic losses and a large number of casualties to Huizhou City. Through years of
investigation and collection of the latest and historical basic geographic information, hydromete-
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orology and marine disaster data of Huizhou City, this paper analyzes and calculates the characte-
ristic parameters of storm surge disasters (astronomical tide level characteristics analysis and
calculation, sea level change analysis, design tide level calculation, return period tide level calcu-
lation), grasps the risk degree and development trend of marine disasters, scientifically responds
to marine disasters, and reduces casualties, property losses and environmental pollution.
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1. 5|8

BNTALT R B AR HR, MR RS, SHI. FBELE, wFLKZ 281.4 km, #EFD
MAN . BB, REEBX. iR, NOEERS. JEEk, Bz
PRIE, BBl b GDP [ ELEIEE] 30%, ek 2Oy BN B S . (B2, FFRR
TR B A RN TIT RO U R R RO E M X, X R E G AR R R R SR RO
MRS — BRI RE, HREIRGFOE, W25 BRI 2 5t A i R A E K. 3 10
R, KR IR AR K g M TR R 1 20 {C TR A TE IR AR R N R TI[1] [2] [3].
PRI, AR T A i X DL CER T TR O 25 AR o 9T Pty SR S, 3 T I3 O S IS0 DRSS
FEBIEGE SRR, ARSI L 2 4R R B o8 A P SL IR RN 7 SR RS B KSTR R i
RKFEIRGRE, WIS KGR O RHIE S S CRSCEI LR AR 2 M 5 P iAo fr . Beih i AL
HES . EIUIWIALHERD), R RE XGRS NR e, Bl NigeR®, wb Nt i
FEAR R M5 G o

2. BRMERR
2.1. ERhHIEES

BENTIALT T ZRAE R, BRID =M . ZRICHh FirhX, #iAbZR4 113°51~115°28,
b4 22°4'~23°57'2 6. ZRiGilE, PEREARZEN, P/ M, miimE, WYl dbiEdnoc, vt
SR ONAROLIE 1), BINBUEE B, (P18, EH. RIS 4 XKAER, BP . k13 &, #WEREE
RERIEIE . ZB I LUV VSRS, IR 4519.44 V07 8 B o AR SC LA T I g R AN X (),
BRI X 5 AR EAE A e ) B A DX, TG I 7 4 X () BT A DR VLA 7 AR

KRIEX, FEEMSL. BRAPEX 3 MEEFL, FEBER 293 km?, R 1319 km® (5). K
WX AT NG, FAREPHIX, PO, FhEESEEAS 60 A B R E ML, AR ANa
AL TR, PR IX NHhEA-TIE, BORAESIREFRL, WK RER, 51596 A, WFEEMFE. B
HEHAE TR, JE T X R, ARG, PR, Piricoreg, HREHEmR 3526.73 m?,
WAL 3200 km® AR BAHA o R BR GV B, &SR A TRk, B8P 55 66 4, MR
B3 2700 hm?®, A 2 A, 2016 4, HAREFHAE 22.6°C, SFFNE 2611 mm [4].
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Figure 1. Geographic location map of Huizhou City
B 1. BRI E

2.2. G

BOHHBAL AR AR H0, A T ERIL = AN AR b, VE40 KIS, VimsiaEds, REIEMHE:,
R, NASREERTZ —, BRSNS, SRR . SiiERmHR 4520
SEH TR, KB 281.4 Tk, K/NEE 28 &b, K/NEIG 162 /. BMESEAL FALREIAZ LIRS, H
B, wWwys, KERRE, ZETHN22C~23C, B FEG~9 H)MKESE, KLFEA0 H~F4E3
JDBEKEAD, TIRZEH, B 7~10 F A2 # SHE Tk B .

23. SREH

TERBOR R B T A RN, BERE 2016 FHom RAFHENA, VIFERE “&7 . GRIEXR.
o T SRR A AR S Ry SRR . 2016 AESPIAIRN 22.6 CRUE AP IEME 0.5°C; BN EN
26113 2K, BHEPHMEMZ 38%, =&H TR UKEKRME: FEIXEN 2.3 m/s, B HMEIK
/s HIESECN 14745 /N, BB 403K 33%, R EFEME R 28%. A3 A 21 H,
Pes R AT 7 1 AN, AR A IR o USRS SANE, SRR EY, B A A B OREOH
Bmz, “HfK” WEMEZ. SFF 3 DPGEAIET BEREIE R, mERSNBEE, SRR
HNEmE; EEWRR., BEISKRRKEERAIPRRBE,

P e 2016 FR B AR B GTAESL 34, SRS 4 S EX RIEY L 521 S HR TRFH
FAME 2 5ER B . PIEMAS RN A REE, KhylE “Geid” HIE S AV, &G “fF
7 HIAE 10 A FRIW. 78 “Hedd” F1 “Wg 5 SERR R T, B3 LR W EIC RN . SRRy
REFEMARARAERE . £ “HRiH” g2 R, 2FEMRARRT) 29.6 m/s HILE ATEE @ H 2 H). #EE
=Birgeit,  “geaH” R g7 44 B RE AT IR R 18,573 Jiou[5] [6].
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W 2016 FEREILHI 13 BN, WEFERS 4%, ZWGEE R, FhEEE 2w BT
1 A28 H, BJE—HEMNERT 11 H 26 H. &FEHRAHWE 261.0 2K EIAAEZFHHESIEEG H 21 H),
/N R 86.2 K HHILAEF 1L HBhuti6 H 4 H 15 ).

2.4. MR

REIEK R R Z AR R, LR TS KOk WA ST U R B T,
JRASE R B A K i 2000 IR 2 7 AR KR HERR s 2 AR IR WAL 3R] 09, /KU I 4 A VS T8 ), AN
e BT I ARG K B R U S RSN . P 4~11 3 BB RTRESZ Bl AU 28 s, FE MR 3
FRYL 2200 ik ) & UIAT AT 5] A ZE M AN TR P2 R 1 7K [ 7] (8]

[ G R H AT TE B MNEIA 1 AN HAS0 M s N 3552006 @5 4K), | ARE KL 1974 18
TN 7 A YK SOULI i o Vi, FE N e ol 6 T i v T M 2 s X, 3 Dl (o T R R
XA 2) PIARWCER SIHE 13 2 5 BORE, AN SOR AU E A b B gl DK & XU 8] A A2 SR ST I B
PR EN G KA L -

Figure 2. Schematic diagram of the location of long-term tidal gauge stations

2. KEAW s E R EE

2.5. KIEBEAEISHHE

BN R VS I )09 2 B2 R RS 48 E2 — UAg e A EXL BRI VA e A N T VPR 0 R G i, (L)
WIGIESZ T U . R E ) TLIME RS 2 3K WS~ H s AN 4 H ik 35 K 8k
AREE M PEACAE R, S HRIEE KB, i H iR IE AN K .

V7 P R DL 3R R I ) UL (H K1+ H O1 )/H M2 [X 43 N AS R A 28 B . R0 v g el %
PEIR RHr 0 1.89, )& T B HEl, 78— KBIH (% 24 /NS 50 509, A6 PR I e s RO
5 ER P A N 12 H 0 52 K TS B T R R, NS N S S A JE . R H &
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ARk 0 32 N B v PR e KA b b 2R b m) o g 2 AT R 0 07 A% 3%, H BRI A 132 3l SO e 1Y
A PRE R o NER i, St F R R % 2 R AR mrl R 2. E PR A BN T R ERIE AT AR P,
BRFFIX PRSP AT, KR ERERERS), BRIk, BREEERER, KA RA E
AR, I 2RV S T ] ORI % X RIS S G R S I e . A R F
AR v I AT TR R RR S < s (B 7, R AR A AR B T (DB AR O “ARMATI B o XTI A 2R Y
I, R “meiE P A ARl B ” o SRR B RIB” o DR H BN R, H
WA BB AC b R 0 W s A R AR TR I TR o DRIV Ui I P38 vl [R) By 8 /NI 50 43, ~F IR A1 B
2 /NS 38 4.
2.6. RRFG

HRHE B 5 2006~2018 AF-(An% )3 13 4F (8] [ 52 #viy SUBEs2 M JF H e 5| &2 W R 397K 50 em DL B 33
R, PR 2.5 Ik, HA REIEKIAE] 100 em P EIEREA 7 RO SE 23.3%), KATE 7. 8. 9
H, BKRIE/K)g 278 cm, & 2018 4F 9 A8 22 'S &K “IlifT” sEma e, 5N EIEKIX 33 M
AR, 26 NMERT IR, Y 78.8%, 7 ANMERT R, 21.2% [9].

Table 1. Elements of storm surge of all stations in Huizhou railway station from 2006 to 2018 (Tide level: 85 elevation)

% 1.2006~2018 FEEMNLFXENBHEZGHNM: 85 5F)

= EEEAT B[R
ORI T T Rt e
5 S Hiel  7K(cm) (H. i) iz (cm) (H, 1 %)  (ms)  (hPa)
1 2006 5 0601 Vi 65 17,03 224 17,11:43 35 960
2 2006 8 0606 FHYT 69 03, 14 158 03, 03:15 33 975
3 2008 4 0801 E 65 19,20 154 19,21:40 30 980
4 2008 6 0806 I 82 25,04 150 24,09:22 23 985
5 2008 8 0809 PH7E 87 06, 08 194 06, 09:19 25 980
6 2008 8 0812 Uk 129 22,16 186 22,09:58 33 975
7 2008 9 0814 HL 126 23,23 261 23,23:25 48 945
8 2009 7 0906 wIl 116 19, 02 246 19, 01:47 38 965
9 2009 9 0913 XA 50 10,12 180 10, 00:32 20 992
10 2009 9 0915 = 87 15, 01 226 15,01:33 35 970
11 2009 10 0917 HT 64 06, 22 230 06, 22:45 23 992
12 2010 10 1013 bl 91 22,08 191 22,21:26 38 970
13 2011 6 1104 BH7E 62 22,11 152 22,10:30 20 990
14 2011 9 1117 =] 59 29, 04 197 29, 11:09 42 960
15 2011 10 1119 JiT 79 03, 07 248 03, 00:39 25 990
16 2012 6 1206 B 62 30, 00 163 30, 05:57 25 985
17 2012 7 1208 =i 136 24,03 199 24,01:27 40 955
18 2012 8 1209 L 59 02, 09 225 02, 09:26 25 985
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Continued

19 2012 8 1213 T 58 17,00 163 17, 05:42 38 968
20 2013 8 1311 FH P4 50 13,23 149 14, 02:59 42 955
21 2013 9 1319 e 137 22,23 272 22,22:55 45 935
22 2014 9 1415 =] 83 16, 03 211 16, 03 40 960
23 2016 8 1604 wII 88 02, 04 212 02,05 42 965
24 2017 6 1702 wII 90 12,23 146 13, 08:02 23 990
25 2017 7 1707 it 63 23,10 226 23,07:29 20 995
26 2017 8 1713 B 120 23,10 272 23,10:24 45 950
27 2017 8 1714 = 77 27,05 166 27,09:06 33 978
28 2017 9 1716 S 58 03,03 160 03,07:10 20 995
29 2017 10 1720 qe 98 15,17 193 15, 05:19 28 988
30 2018 6 1804 BHYL 63 08,13 119 08, 04:21 20 990
31 2018 7 1809 FiT 56 18, 04 169 18, 13:37 23 983
32 2018 9 1822 =il 278 16,13 325 16, 13:24 45 955
33 2018 11 1826 / 60 01,14 192 01, 02:34 / /

Vi — S d i 0 A AR I TR) D S 3 H A

MR A ZTRE LA 3), AL PKREM B 4~10 A HIUEL 50 cm
A9 A RAERRZ, 724 9 XM 8 Ik, HithIL 51.5%. T BRMEIREGE,
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Figure 3. Occurrence of storm surge at Huizhou railway station from 2006 to 2018

3.2006~2018 FEE MM X B A EIFNR
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TR 9 TR B T 1 fE 35 B KRR R 22—

R ERTIHE K, 8
G AR ANRE

HWKKTF 50 em B9 ERE IS FEA-FH B 2.5
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%

s
Si

o REWEREEIEREIR, W5l R gk, SRR, MR, REPRE, HREESSE, Wk
ERMZGFFIN RIIR[10]. (H2 T 6 Z 58 Mg Rk AW, AR E ML RAZ .

I A GV O H A A R AR SR, SR T N V3 R 7 PR A S e ) e
SWEFEA 7 k. AR A KRR E, HA IS s KA P FEA 5 I, 433128 7908, 0906+ 1319
1713, 1822, MIX 5 O FERE, HEM A KB R AT 2 b TR, B R pifE 2 &
LI, SREE ARG KL L aspE .

3. MRS TS ETE
3.1. B P EHERRER

A5 AT BT AT S AR T R B R BN L AR BRI BERL, shAL LA 4, ok
FRMERR (G 2), il B R EHER R, A 30 FR0 AR gL, MM IERA AR A
WAL Tkl R be ks, P BN IS A 12 ) A WA ekl BIRA 18 1 A WALk, Brf
IOk A B A O B T 85 iR T BN BRI i Ak v ST TR AR AL AN A AR A BRI 11 [12]
[13] [14].

Figure 4. Schematic diagram of the location of the tidal gauge station

E 4. BRI BN REE

Table 2. Multi-year sea level and statistical years of each ocean station

F 2. BEFHSZFEFERLGITER

TS 4 IR Wz M
Hfi(cm) 59.48 52.67 62.91
fd I B RHE R (4F) 2002~2019 1990~2019 2008~2019
Hf e s iR 85 it 85 e 85 e
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Figure 5. The monthly average water level change process and historical multi-year average tidal level at the Zhelang station
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from 2002 to 2019
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Figure 6. Change process of monthly average water level and historical multi-year average tide level at Huizhou railway sta-
tion from 2008 to 2019
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Figure 7. Change process of monthly average water level and historical multi-year average tide level at Shanwei railway sta-

tion from 1990 to 2019
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Figure 8. Change process and secular variation trend of monthly average tide level (13 month low-pass filtering) at Huizhou

railway station from 2008 to 2020
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Figure 9. Change process and secular variation trend of monthly average tide level (13 month low-pass filtering) at Shanwei
railway station from 1990 to 2020
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Figure 10. Change process and secular variation trend of monthly average tide level (13 month low-pass filtering) at Zhe-
lang station from 2002 to 2020
10. 2002~2020 38R 48 B I9EL(13 N BIREIER) T Z IEFKHATE (LlaTs

) EFHES, FHorArEMN 2008~2019 AR EAH# A 3.22 £ 0.09 mm/a, JUlIE 1990~2019 4FAHXT
P R ETHER N 3.31 +£0.06 mm/a, B 2002~2019 A7 1 _ETHE R N 3.38 £ 0.08 mm/a. il
JE BT i AR I E 1990~2004 43[R R I H AR XS 212 1 S, 2004 2 5 BULH T 8URE) A
R, 5 A EEN I YR PR AT RSO XV ST AE 2010 FECLJE EAHERECR, AL, AR AR A
YT IAE 2010 2 J5 A Ik EFHE s
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3.3. GFEAN

2015 FEH [E A I, KoK 30 47 ARIEHRE-F T T 7.5~17.5 em, 2019 4 B 1HA
I, 2] 2050 FJ AR WIS L T3 T T (1975~1993 A2 1T 353 F [ 1€ i 451 353 ~F- 1)
FFE 14.5~20.0 cm. f1/NZEZE(2008) (K IPCC H BT R F A A 3R B b T+ 2 0 TR 7 FE A TR AL, 115
TERVL CEEETH T, BRIV 48X TR 2030 451 2050 £E45 373 _ETF 6~14 ¢cm £l 9~21 cm.
5 FERVT T T (1~2 mm/a), JUF] 2030 FEAN 2050 GERRIT R Ko 1 b THI8 B 58 K. 2019
Er ENEP AR, 1980~2019 4, BRI B AHE A 3.5 =K/, 2019 4, M IEE
BUEAER 77 2K, 62018 21 =K. TR 30 4, REEWRRRA-SF TR B TE 50~180 =K. 2019
T, M1 H S 4 ARS AP IECE R A 117 2K, 114 2ZoKA0 147 =K, Hd 5 AP
T 1980 4E LUK A A =1 5 2018 SEFRIMHMILL, 4 AR S AV ml LA 102 =K/ 128 =K, 7 H
WP R R 70 20K TSR 30 4, FEE T R BT 70~170 Z2K[15],
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Figure 11. Change process of monthly mean tidal level in Huizhou railway station climate state
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Figure 12. Change process of monthly mean tidal level in Shanwei railway station climate state
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Figure 13. Monthly average tidal level change process of climate state at the Zhelang station

B 13, BRI SIRS AL S =

HRAE 1990~2019 A M L il TR0 sl R It AR A O T T BT, 5 R 3 A kAR Ry,
T AR Ke 30 A3 1R 56k T2 _E TR 908 3.30 £ 0.09 mm/a. 3.42 +0.06 mm/a A1 3.51 +0.08 mm/a; Fi
AR 50 A1) & ge kT2 _ETHEZR M58 3.28 + 0.09 mm/a. 3.4 + 0.06 mm/a A1 3.48 + 0.08 mm/a, Fiil
2049 12069 FEAHXT T 2019 BV BTSN E-T [0 A 10.2~10.5 em F117~22 em [16] [17] [18].
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Figure 14. Cumulative frequency of high tide level at Huizhou railway station
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Figure 15. Cumulative frequency of low water level at Huizhou railway station
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Table 3. Design tide level of Huizhou railway station (Unit: cm)
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Table 4. Extreme tide level of Huizhou railway station from 2000 to 2019 (Unit: cm, Base level: 1985 national elevation datum)
Fz 4. FEMuk 2000~2019 FAREFL(BEAL: BEXK, E@E: 1985 BREEEE)

Fhr RPN 3
2000 232
2001 305
2002 199
2003 229
2004 213
2005 218
2006 249
2007 233
2008 250
2009 226
2010 212
2011 238
2012 226
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—iBE AN 357.8 cm.

Table 5. Tide level in return period of Huizhou railway station (Unit: cm, Base level: 1985 national elevation datum)
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Figure 16. Huizhou railway station tide level fitting line
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