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Abstract: Based on the finite volume coastal ocean model (FVCOM) and simulation data obtained from the weather research
and forecasting (WRF) mesoscale meteorological forecasting model, a long-term numerical simulation of storm surge proc-
esses in the Bohai Sea over 20 years (1987-2006) was conducted in this current study. The simulated data were statistically
analyzed by using the generalized extreme value (GEV) theory, and the future storm surge disaster risk in the Bohai Sea was
statistically assessed. The cumulative probabilities of the highest water levels of storm surge at stations including Tanggu and
Huanghua under a 100-years return period were analyzed. The results indicate that for a 10-year return period at Tanggu Sta-
tion, the probability of the highest storm surge level exceeding 5.1 m is 100% , exceeding 5.9 m is 41% , and exceeding 6.1 m
is 10% . For a 100-year return period at Tanggu Station, the probability of exceeding 5.1 m remains 100% , while the prob-
ability of exceeding 6.9 m is 59% . Statistical analysis of the data shows that at the 300-year return level and with a 95% con-
fidence level, the storm surge return levels at Tanggu, Huanghua, Caofeidian, and Yangjiagou stations increase rapidly dur-
ing the first 20 years, followed by a slower increase that gradually stabilizes. Among these, notably, Tanggu and Huanghua

stations exhibit the most significant increases. The spatial distribution characteristics of the highest storm surge levels in the
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Bohai Sea under a 100-year return period are presented. The highest surge levels (7.0-7.5 m) occur along the western coast of
Bohai Bay, which warrants significant attention. The storm surge disaster risk in the Bohai Sea is predicted and assessed, and
the spatial distribution of storm surge disaster warning levels is provided. Under a 10-year return period, the nearshore areas
of Bohai Bay face the highest storm surge hazard risk, classified as red warning level (the most severe) . The innermost zone
of Liaodong Bay and the bottom part of Laizhou Bay follow, categorized as orange (high risk) , indicating secondary but
significant threats. Under a 100-year return period, the storm surge disaster level in Bohai Bay is classified as red, the waters

of Liaodong Bay are orange, the innermost zone of Liaodong Bay escalates to red, and most areas of Laizho Bay are orange.
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513t

T My, L A AR BT X R FE G A S KRR (1] KRR A1, 2026, 41 (3) : 73-80.

DING Y M, YE Z F. Statistical analysis and risk assessment of storm surge disasters in the Bohai Sea with a 100-year return

period [J]. Journal of Tianjin university of science and technology, 2026, 41 (3) : 73-80.

R 9 E fi T R I E 2, R
T E LR R P K 22— AT 20 4Rk
AR 9 1 R R BE R B 2500 445G, i 4
TMEPE I EFIR 0 94% P il S SR 2 e AT i
T R BG40 0, AUER AT ARV | VU A IR | e
F14) SHE ) Y25 0 v i 3 X0 ok v T e 5 HI A 3E  XL
T 3E H 43 R R A AOE S E ) 5 R 1 T X
AP SHE (B R0 KR, T 78 it AL, AR
25 5 3 B FEWN KK FE M, T8 IR R . R,
AT v 2, X0 XU ) — AR DO 2 4 2R, HL
ONERE 40 = 1N A2/ N

R T KR T A SR I e BRI R T AN
Lo o R 0 1 KL BEF TS ). Butler
SOV 19552000 AF{ i 3 TR S XU T (1
IKBLI AT AR AR, 25 A5 Sl XU 50 AF S B
B AR fR R FA , I 45 H AR B /K AL 19 28 ] 43 A
fiF - Marcos 25! FHIBE A [ BUR 1) S ARAE L £ 11 2%
B 23 1 B0 AN 2 3RO == SACHE OO L X 1960—
2000 AR X E AL A I TG b, R -
PAE BRI , AIF5E KR 0 ¢ B X S AR Ak iy ma g, F 5
IR IR : 2060—2100 45, 7E b H IR RS 458, o
S0 I R R A AR R R A ]
BEMER R . Guo Z51MIN) 2001—2020 4F S LLFE I Ve
G KU TEERTL, IRFE T FHILE S XU
Bb 28 A A AT, 8 H S Bt 199 5 0530 5 B ARzt 25 )2
5085 £ XU 80 K A7 B 5 o S AR TR ADCIRC
PR T 1960—2011 4= [a] A XU A, XFili4R
B IR G RGHEA FIEREPE RS PR, 45 1 T LA o
ST VA 3 A — B AR KA, PR R S AR
K i BH ) B A — 18 XU 3 KA K, A T
3.50 m. Wang 2£5JF|F] ADCIRC F1 SWAN H7If

LT 1985—2014 AE[E] Y 32 WA, A H
Gumbel SRR FATEIRGE 40, 45 HFE R
XoF M VS XU ) ) S R K, S B IR 3 XL
ALK,

SR I T REHLIE BB o S, 75 B0 TR
ST HAERTIE o ASSCELEL T 20 4 (1987—2006 47)
(AR X T 1L 2, PR IURRAT I e KRB i 7,
FH SUREAE BRI X i 1 R 64 T K A 1 G i
G305 9 KU T AR 5%

1 RENGE S

ARSI S DX IR B | i, A Y T
FERAER VLA At 25 E M B AL, BT I
HEFUKTRANEL 1 B, A CHIIE S oK GRA ) b 38
FEZ UL SCHR[14], FIFH =48 FVCOM (finite volume
coastal ocean model) WV 2 ) A A RUHES T i1 1% F1
AR 3 AR R B AL, A DG ABE TR g4 i 5 R 2 L S
BR[15].

38°N|

36°N|

34°N|

S
117°E 120°E  123°E  126°E

B 1 WREERMEIKER

Fig.1 Terrain and water depth map of the study area
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Fig. 2 Co-amplitude (in centimeters) and co-phase (in de-
grees) maps of the simulated M, and K; tidal
elevations in the Yellow Sea and Bohai Sea
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Tab.1 Comparative analysis of observed and simulated

maximum water levels at Tanggu Station

g _ JKAi/m _ . ,
S 5

1987-11-27 4.97 5.12 0.153 0.000 892
1988-03-14 4.85 5.00 0.153 0.000 935
1989-06-03 4.75 4.89 0.145 0.000 877
1990-05-02 4.60 4.79 0.197 0.001 687
1991-03-19 4.77 5.00 0.239 0.002 277
1992-09-01 5.93 6.19 0.265 0.001 830
1993-11-16 4.86 5.04 0.183 0.001 317
1994-08-15 5.18 5.24 0.064 0.000 149
1995-02-26 — 4.54 — —
1996-10-03 5.10 5.8 0.184 0.001 213
1997-08-20 5.59 5.62 0.033 0.000 034
1998-11-02 4.58 4.50 0.077 0.000 292
19990811 — 5.05 — —
2000-11-13 — 4.89 — —
2001-01-11 4.30 4.49 0.199 0.001 956
2002-10-17 — 5.19 — —
2003-10-12 5.33 5.44 0.113 0.000 431
2004-09-15 4.92 5.04 0.124 0.000 604
2005-08-08 5.20 5.24 0.047 0.000 080
2006-11-01 — 428 — —
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Fig.3 Probability Q-Q plot for extreme water levels at
Tanggu Station
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Fig.4 Cumulative probability plots of maximum surge levels at typical Bohai Sea stations for different return periods
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Fig. 6 Spatial distribution of maximum surge levels in the
Bohai Sea under different return periods
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in the Bohai Sea under different return periods
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