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Abstract

The Study of Typhoon Surge and Its Numerical

Prediction Model in the Taiwan Strait

Abstract

Main characteristics of typhoon surges along Fujian Province are obtained and
analyzed from tide level observations. A two-way nested coupled tide-surge
prediction model is developed for the Taiwan Strait in view of the particularity of
storm surge, tide and bathymetry. Using this model, the spatio-temporal characteristic
distributions of storm surges and their generative mechanisms, the interaction
between storm surges and tides, and the small-grid-scale effect of storm surges are
investigated. The main results and conclusions are as follows.

The characteristics and possible mechanisms of storm surges along Fujian coast
are analyzed after investigating storm surges caused by the typhoons passing
perpendicularly across the southeastern coastline of China during the period from
1960 to 2001. The specific topography of the Taiwan Strait obviously affects the
distributions and variations of storm surges along Fujian coast. Typhoon moving in
the Taiwan Strait, the strength of storm surges is affected by the location and the
scope of strong wind. When typhoon moves across the Taiwan Strait, it tends to
induce double peaks of storm surges along the coast near the center of strong wind.
The first peak appears after it leaves the Taiwan island and the second appears before
or after it lands on Fujian coast. It sometimes induces abnormal storm surges along
the northern Fujian coast which has following significant characteristics: high peak;
great setup speed; small horizontal scope; often happening at the time near the low
tide of astronomical tide. Appearance of abnormal storm surges has relation to low
tide advancing due to shorten ebb time.

A two-way nested coupled tide-surge prediction model (NCTSM) is established
and applied in the Taiwan Strait and adjacent sea area in this study, based on the
characteristics of storm surges, tides and topography. This two-dimensional model has
a fine horizontal resolution and takes into account the interaction between storm
surges and astronomical tides, which is suitable for depicting the complicated physical

properties of storm surges in the Taiwan Strait. An open boundary condition
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Abstract

developed from Flather’s radiation condition and Reed and Smedstad’s local mode
idea are successfully implemented in the model. Simulation experiments show that the
performances of the two-way nested model are slightly superior to those of the
one-way nested one in accuracy; the open boundary condition could be used in the
tide and storm surge models.

Simulation verifications demonstrate that the model has good performances in
the computations of tides and storm surges. The mean absolute error (MAE) of tide
computations is under 15 cm and the standard deviation of errors (STDE) does not
exceed 18 cm at four tide stations. The MAE from storm surge computations for 31
historical typhoons is 19.5 cm and the corresponding STDE is 25.2 cm. It succeeds in
reproducing the phenomena of fluctuations with tidal period and double peaks of
storm surges. The comparison experiment confirms that the fluctuations are generated
mainly by the interaction between tides and storm surges. It is showed by forecast
experiments in 2005 and in 2006 that the calculation scheme is feasible and the model
has great capability in forecasting tides and storim surges.

Numerical study by NCTSM validates the characteristics of storm surges
mentioned before along Fujian coast. It is showed that the magnitudes of storm surges
along the western bank of the Taiwan Strait are often higher than those along the
eastern bank as a trend and the generative mechanisms are given for this. Besides the
track of typhoon, the wind structure of typhoon and local wind, the variation and the
transport of water volume in the strait and the Coriolis force have a significant
influence on the spatio-temporal distribution characteristics of storm surges in the
Taiwan Strait.

The action terms of the interaction between storm surges and tides include
wind-stress term, quadratic bottom-stress term, covective term and divergence term of
additional mass flux, in which water depth, wind stress, tide and storm surge play an
important role. Numerical study shows that the setup caused by coupling effect could
propagate along the coast as edge waves, indicating that the setup has a propagation
property. It is demonstrated that the fluctuations with tidal period at Sansha and
Pingtan stations during Typhoon 9914 are mainly due to edge waves of the setup
caused by coupling effect in the near central area of the typhoon.

It is revealed by the results of numerical study that the small-grid-scale effect of
storm surges can produce edge waves, which might reflect the influence of local

topography and coast on storm surges. The magnitude of the edge waves is only
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Abstract

several centimeters of order and the period is 3-6 hours long. Their generation has no

direct relation to the track of typhoon, but is related to the strength of wind stress.

Key words: Typhoon; Storm Surges; Numerical Model; Taiwan Strait
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STHURMN G T gt (B HERESE, 1993), M 1949 4F % 1990 4F, 7E3k
VS 1 m LB A KO G 259 W, L 205 AN S IR E VS 6 X
HAT 50 A8l v, £ 24. 4%, 33 18] 75 B HIER B2 6911 5 (Blsie)
F19018 ‘5 (Dot) &R, "EATIHAEAR i B VL8 B I3 e K AR XU ] T
6911 5 & KR 1 1 BN P64 7770 N, SV H 746. 4 Ji R, EIGRLUE
SO 144759018 5 5 M 51 I R IIIE AET: 132 N, HIEAFHHUK 15. 8
1876, 1990 LS AR UG X REEE I 2 Ui & )RR E T, 2 TH5 X
SR OCH COORl R BT S R g ) b R AR Do 1996 4F
TH2tHR 8 H 1 H, HEEIELLIEZ 9607 5 (Gloria) F1 9608 5 (Herb)
AR ZET, GRS AR KCE, IR 908 T ANANRIRREERZ K, JET 55 N,
FARZGFRK 46 1270, 1999 4 10 J1[19 9914 5 (Dan) & KAEAR G Jeife 6 i,
523 A [ [ R T S0, A A MR L 3800 2 14 e g 0 A7 15 i 3 4 b 2 i /K
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B, ST TR ZKIR 122 em, 52 i A7 80K A7 60 cmo 52 KR
FEIRIGLFE LW, WA 10 KA, &k 72 NIETRIRER, S5k
T 40 1276, 2001 4E() 0102 5 (K3, Chebi) &R T 6 F 23 H 22 I EHE 45
B,V AL 2 AN 50 W B v A7 R i OK A, e R Kk
80-120 cm, JLrf AR R R KA 69 cm, k5O A AR KA . X IR
TR AR VR R K R RIS 122 N, 2K ANHZ) 521 Jis 12.2
JT A VUAR T, 6430 AR H TS aiidh, #ghg 3240 321 Ak, 3Pk 80 4t;
HELBIUA 45,2 1070, 2004 4E 8 F 0418 5 (X H], Aere) & NAE AR
b, AR G RIEK 100-170 cm, HIEZETEHIK 24.85 1476, LT 2 N
2005 4E 9 H 0513 5 (FA), Talim) & RERHEHTE H, W48 AL
37. 24476, Z KNI 254.6 J7, BE1-4 N 2006 4 8 J] 0608 = (3, Saomai)
SR G MU R AR AT F b, AR 45 48 iy K 18 A Dr i R AN 5
T2, R LRI O TR RN SR EOE A

A RAR AR BUNEH T “ BBV ELBriRg ” M B B 2 5 IX R
JRAK N o BE A AR A8 T U S R R R R 22 G IR AN IR e, I
22 T oA A 1 ] RO 0 S VAT A 0 A e (1 o S SR, AR AU K 5 1) s i
BB AE R I, DRI S 5 Ve R IR R TR P R 4, S Pl . PV Re ),
SR B AR ¢ T3 1 8 9D B e IR

1.2 REFHULSHBEFTHRAEARLEGR

R A R B K —, R HmE R RS s KR R
A IR AR RIS e BT, BRI K, R OK A AR
ZRSREED . TN R RGN, KRR — 8o A i Ui
5 FE PR X R E ety e 5 | PR X I T P 26 o Pt e 1 | PR DX e ] — RO
AT AR RS, DARRIH B PE AL O s A UE S R R
T PO AR TAR S A EVERE B X, 5T 52X M S (1 DX 3 A T
ORI ot B U A6 S TR e I 5 o DU AL AR I ity Uie (&
O 5 1E I R SRR R & KR & BRI E S ), JES Wi R AR 1) e A
A E CHB IR 5 7B R IR ) SO Ay JRE PR i B JXGl] Ol RUARE, 19905 75 4%,
1998; FE&4FE, 2001a). #eAt, FEACHBEHRE H 82 HyRre 2 (FERD B8d
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