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Risk assessment o f sto rm surge and w ave hazards in theHuanghe De lta coastal area o f the

Bohai Sea require s accurate predic tion o f storm surge and w ave hazards. So this study is aimed

at establishing a coasta l high-reso lu tion(2′×2′) tw o-way coup led w ave-tide-su rge mode l, in-

cluding threem ain physicalmechanism s. Themode lw as used for compa risons and ana ly sis of

simulated andmeasu red w ave heigh ts and sea level in tw omoderate storm cases in theHuanghe

Delta coastal area. W e show that the effects of different phy sicalmechanism s on w ave he ights

arem ainly de term ined by w ave-curren t inte raction by radiation stress in the w ave energy equa-

tion. W ave-age dependent su rface w ind stress and radiation stress mechanism s in the coup ling

w ave-tide-surge interaction have positive impact on sea level, and w ave-current interaction bo t-

tom stress mechanism show negative impac t on sea leve.l The comprehensive effects of three

ma in phy sicalmechanism s show positive ne t impact on sea l level and increase it by asmuch as

25 cm. We show that thew ave he ights and sea levels simu la ted by the coupled w ave-tide-surge

mode l ag ree better w ith themeasured values compared to uncoupledmode l results, particularly

for peak sto rm cond itions.

Ⅰ. INTRODUCTION

A s w ind generatesw aves and sto rm surges, their genera tion is c losely rela ted. The strong

non linear in terac tions between tides and sto rm surges in shallow w ater resu lt in important in te r-

actions be tw een w aves and tide-surge motions. This study show ed tha t the coupling o f w aves

and tide-surgemo tions is driven by seve ra lmechan isms where in w aves and the mean flow , o r

the w ater leve l associa ted w ith the tide and su rge, interactw ith each component o f the to ta lmo-

tion affecting the o ther mo tions. These mechan isms mainly include the w ave-sta te dependent

su rface w ind stress, thew ave-cu rrent inte raction bo ttom stress, and the radiation stress. In the

past ten years, several stud ies(M astenbroek et al., 1993;D avies et al., 1994;Zhang
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et a l., 1996; Jin et al.1998;Yin et al., 2001) conside red w ave and tide-surge interaction

mechanism s. How eve r, because of the large spa tial reso lu tions used in these studies, the

effects of radia tion stress w ere igno red o r poorly simulated and on ly some individual coup ling

mechanism sw e re studied or some stud ie s considered only one-way coup ling. L in et a l(2003)

made a p re lim inary study on the impact o f radia tion stress using two-way coupling mode.l In

th is wo rk h igh-spa tia l reso lu tion and a tw o-way coupled w ave-surge in terac tion numerical mo

de l, are used to study the net effects of severa l phy sicalmechanism s driv ing w ave heigh ts and

sea leve.l

This study is focused on w ave-tide-surge interactions in the coastal region, specifica lly the

Huanghe De lta area of the Bohai Sea. H igh qualitymode ls are implemented on w aves, tides and

surges on a fine-reso lu tion g rid. The coup ling mechanisms considered are w ave radiation stress,

wave-curren t interaction bottom stress and w ave-sta te dependent surfacew ind stress. Fo rmoder-

ate ly high w ind and current conditions, coup ledmode l simu lation results are compared w ith syn-

chronic in situ measuremen ts o fw aves, currents and e leva tion, and fina lly the net impacts are

studied to g ive quantitative estimates and appraisal of the w ave-surge coupling in te raction. This

is ex tremely important fo r risks assessment of storm surge and w ave hazards in theHuanghe Delta

coastal area, marine environmenta l forecasts, ocean eng ineering design e tc. In the Bohai Sea.

Ⅱ . COUPLED WAVE-TIDE-SURGE MODEL

The coupled w ave-tide-surge in terac tion numericalmode l is composed of an advanced sha l-

low w aterw ave mode l and a tw o-dimensional tide-surge mode.l Two-way in te ractions be tw een

w aves and tide-surge mo tions are studied on the basis of w ave-sta te dependen t surface stress,

wave-curren t inte raction bo ttom stress and radia tion stressmechanism s.

(1)W aveM ode l

The th ird gene ra tion sha llow w a te rw avemode lYWE-WAM used in th is study is based on

the w ave action balance equation, w ith most o f the source func tions taken directly from the

standardWAM model ofK omen et a l. (1994). A n explicit representation o f the ene rgy dissipa-

tion caused by dep th-lim ited w ave breaking in shallow w ater is taken into accoun.t The basic

equations a re
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whe reF(σ, θ) is the spec tra ldensity, d , k
 

, u
 
arew ater dep th, wave number vector, ve loc-

ity vector, s is the space coord inate in the propaga tion direc tion, θ, the tw o-dimensional space

gradient is , andm is the spatial coo rdinate perpendicu lar to the p ropaga tion direction, θ.

The formula tions fo r propagation speed Cg , Cσ andCθ de tailedly conside rs the effect o f varying

dep th and cu rrents on w ave propagation. Source functions are g iven by:S =S in +Sn l +Sd is +

Sbot +Sdb s , inc lud ing w ind input, non linear interactions, white-capp ing d issipation, bo ttom

friction and depth-lim ited w ave breaking d issipa tion. A de tailed description of the mode l is

given by Yin et al(1996).

(2) Tide-SurgeM ode l

A two-dimensiona l numerica l tide-surge model w ith AD I(A lterna tive D irection Imp lic it)

diffe rence scheme and radiation stress is used. The mass equation is
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where u andνare components of the dep th-averaged ve locity in the eastw ard and northw ard direc-

tions, respective ly;t is the time, f is the Co rio lis paramete r;A is the horizonta l eddy v iscosi-

ty;g is g ravita tiona l acce leration;ρw is the density of sea w a ter;D is the to tal depth

(=d +ζ;mean w a ter depth+surface e levation);sxx , sxy , syx and syy a re components of the

radiation stress tensor;pa is the atmospheric pressure τS
 
=(τx , τy ) is the surface w ind stress;

andτb
 
=(τbx τby) is the bottom stress. Surface w ind stress is generally assumed to take the form:

τs
 
=ρaCd w10
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whe re ρa is the air density;Cd , is the surface ae rodynam ic d rag coeffic ient and w 10

 　
deno tes

w ind velocity vec to r a t 10m re ference he igh.t In this study, a conventional approach Cd , fo l-

low ing H su(1986), is assumed to takes the form:

Cd =λ
0.4
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(9)

whe re λ is an adjustab le coefficien t depending on differen t wea ther conditions( ～ 1.1 fo r ty-

phoons, ～ 1.0 for ex tra-tropical system s). Fo r considering w ave-dependen t state surface w ind

stress, a w ave-age dependen tCd fo rmu lation w ould assume the functional dependence o f the

HEXOS re lation of Sm ith(1992), bu t here w e take a more convenient expression fo llow ing

Done lan et al.(1993):
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Cd can be obta ined by

Cd =
κ

ln10 - lnz0

2

(11)

whe re cp is phase ve loc ity of spectra l peak and κis Karman constant(=0.40)。

W hen w e do not considerw ave-curren t interactions, bo ttom stress is assumed to be

τb
 
=ρwγu

 
u
 
, γ=

ng

c
2
z

(12)

whe re cz is the Chezy-M anning coefficien t and u
 
is the curren t velocity vector.

A ccord ing to the wave-current interactionmodel o fG rant andM adsen(1979), in the form

published by S igne llet al(1990), a co llinear flow implies that the to tal bed shea r stress is g iv-

en by

τt =τc +τw (13)

whe re τc is an instantaneous cu rrent shear stress and τw is the maximum wave bed stress, as

given by

τw =
1
2
ρfw U0

2

(14)

whe reU0 is the max imum near-bed w ave o rbita l velocity, and fw is thew ave friction fac to r.The

near-bed w ave orb ital ve locity is g iven by

U0 =
awσ
sinhkh

(15)

whe re aw is the w ave amplitude, σ is w ave frequency, and k is the w ave numbe r determ ined

from the linear dispersion rela tion

σ
2
=(gk) than (kh). (16)

Thew ave friction factor fw can be readily compu ted from the sem i-empirical expression of

Jonsson and C arlsen(1976), based on laboratory observations, Th is imp lies

1

4 fw
+lg 1

4 fw
=- 0.08+lg

Ab
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(17)

whe re kb =30z0 , and z0 is the bottom roughness length andAb =U 0 /σ.

Ifw e assume that the cu rrent does not influence the w ave fie ld, the w ave friction ve locity

is g iven by

U*w =
τw
ρ

1 /2

. (18)

A t initial time t=0, an initial curren t friction factor fc , excluding w ind w ave turbulence,

is de term ined from

fc =2
0.4

ln (30zr /kbc)

2

(19)

w ith kbc taken as the N ikuradse roughness kbc =kb =30z0 , w ith zr taken as 100 cm above the

bed. Once fc is de te rm ined, U*c can be read ily computed from
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FB =
1
2
fcρu (u2 +ν

2
)
1 /2

(21)

GB =
1

2
fcρν(u

2
+ν

2
)
1 /2
. (22)

The combined fric tion ve loc ityU*cw fo r w aves and curren ts is given by

U*cw =U*c
2
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The apparent bo ttom roughness kbc fe lt by the current due to the presence ofwaves is g iven by

kbc =kb C1
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(24)

w ith C1 =24.0 from G ran t andM adsen(1979), and

β =1 -
U*c

U*cw
. (25)

The value for kbc is then used at the nex t time step to de te rm ine fc , and hence the bed

stress due to the w ave field and the time-evo lv ing v iscosity fie ld may be estimated as
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The radiation stress componen ts a re g iven by
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1
2

1+ 2kd
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. G ivenF (σ, θ)by a w ave model, radia tion stress can the re fore

be obtained.

(3) In tial and Boundary Conditions

Initial conditions are that curren ts and su rface eleva tion are zero,

ζ=u=ν=0 (30)

Lateral boundary conditions a re assumed zero for flow norma l to the so lid boundary and

along the open boundary,

ζ=
Pb -Po

ρg
+∑ fiHi cos [ ωi t+(ν+u)i -g i ] (31)

whe re Po andPb are the values fo r atmospheric pressure outside a sto rm and at the open bounda-

ry, respective ly;ρis the density of seaw ater, g is grav itational accelera tion;ωi is the radian

frequency;harmonic constan tsH i and gi are the amp litudes and phase ang les o f each tida l con-
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stituent;fi is the nodal fac to r o f each tidal constituent;t is the time ;(ν+u)i is the initial

phase and ui is the nodal correc tion ang le. The ten constituents in standa rd nota tion areK 1 ,

O 1 , P1 , Q1 , M 2 , S2 , N 2 , K 2 , Sa , S sa .

(4) The Coupling Procedure

Implementation of the coupling betweenw ave and tide-surgemodels followed the procedure below.

 　Prio r to the coupling, the tw o mode ls are initialized sepa ra tely. Thus, the w ave

model is w armed up for 12 h, and the tide-surgemodel, fo r 4 days. In itia liza tion is

perfo rmed in a manner pe rm itting the synchronized coup ling of the two mode ls.

 　Thew ave mode l is run( in 3 m inu te time-steps) for 5 time-steps using the compu ted

change of w ater depth(mean wa ter depth plus tide-surge e leva tion)and inhomoge-

neous and unsteady currents from the tw o-dimensional tide-surge mode l to obtain re-

lated w ave pa rame ters, such asw ave spectrum.

 　The w ave-age dependen t surface w ind stress, radia tion stress and w ave-curren t bo ttom

stress are calcula ted using thew ave spectrum and passed back to the tide-surge mode.l

 　The tw o-dimensional tide-surge mode l is run(15 m inute time-steps)using the calcu-

lated radia tion stress, surface w ind stress and bo ttom stress. Th is g ives new ly com-

pu ted e levations and cu rrents which are passed back to the w avemode l to repeat the

sequence of the computa tions.

During the simula tion, computed resu lts o f interest, fo r examp le, the significant w ave

heights, the mean w ave periods, the d irectionalw ave spectrum , wa ter su rface elevations and

current ve loc ities, w ith and w ithout the inclusion of w aves and tide-su rge interactions can be

outpu t by the w ave model and tide-su rgemode l, as described.

Ⅲ. NUMERICAL STUDY OFWAVE-TIDE-SURGE COUPLING

INTERACTION IN THE HUANGHE DELTA COASTAL AREA

　　TheHuanghe De lta coastal area located in the sou thw est region of the Bohai Sea has g reat

strategic importance because it is the most important oil production a rea of the Sheng liO ilfie ld.

The fine-reso lu tion grid a rea shown in Fig.1 is theHuanghe Delta coastal area, wh ich is the fo-

cus of this study. This area is characterized by re latively big w ave s and strong se t-up due to its

shallow w a te r depth(generally less than 12m)and long fetch , and p resents a cha llenging prob-

lem for o ffshore design for predic tion, particularly in severe sto rms w ith extreme w ind and

w aves conditions. A ccu ra te forecasts ofw aves and sea level are ve ry important fo r the safe ty of

offshore pe rsonne l and prope rty and for risks assessmen.t This study is aimed a t determ ining,

the comprehensive effects of d iffe rent coup ling in te raction phy sicalmechan isms on w ave he ights

and sea leve l, in the con tex t o f aw ave-surge coup ling interaction model and g ives a quantita-

tive estimate and comprehensive appraisa l of coup ling interaction. A secondary ob jec tive is to

offer a feasib le analysis for the operational adop tion o f a coupled w ave-su rge model to forecast
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waves and storm surges haza rds and lay the foundation of risks assessment o f storm surge and

w ave haza rds in a coastal reg ion such as the Huanghe De lta area.

(1)Case Desc riptions

A storm cases occurred on 22 ～ 25April 1998 and one on 1-2 Apri l 1999, whe re synchro-

nized in situ measured wave, curren t and elevation dataw ere collected from a buoy at 38°13′N ,

118°19′E(show n in Fig.1). The observed w ind fie lds w ere prepared by Ocean University of

China. The w ave model and tidesurgemode lw ere implemen ted on the2′×2′grid cove ring the

entire Bohai Sea. The comprehensive e ffec ts of differen t phy sicalmechanism s on w ave he ights

and sea leve l in the Huanghe De lta coastal area(specifica lly, 118°24′～ 119°24′E , 37°48′～

38°14′N)can be ana lyzed by comparing resu lts from uncoup led and coupledmode l simu lations

synchronized in situ measurements ofw ave, curren t and e levation da ta.

F ig. 1　The Boha i and H uanghe Delta coa sta l area, w ith buoy loca tion

 The fine-m esh grid in Fig. 1 is show n as 4′to avoid b lack ening the f igu re. The actu al reso lut ion is 2′in the compu tation s

　　 for th e en tire B ohai Sea.

(2) Impact o f rad iation stress on w ave heigh ts and sea level

The coupled w ave-tide-surge mode l used to investiga te the influence of radiation stress in

w ave-tide-su rge interactions only includes a radiation stress m echanism. F ig.2 ～ 5 compares

simulated and measured w ave heigh ts and sea leve l for the two cases, at the buoy. F rom

Fig.2 ～ 3 , the w ave he igh ts simula ted by coup led w ave-tide-surge mode l show overall improve-

men t, particu larly fo r the second storm case(1 ～ 2 April 1999), compared to those simula ted

by the uncoupled w avemode l atmax imum wave heights values. M o reover, Fig.4 ～ 5 show that

the sea level simu lated by coupled w ave-tide-surgemode l is improved compa red to those simula-

ted by the uncoup led tide-surge mode.l The improvemen t is more clearly evident at the m axi-

mum se t-up va lue s, and in very good agreementw ith themeasured data. Rad iation stress can

increase the w ave he ights by as much as 67 cm , and sea leve l, by as much as 50 cm. This

indica tes the impac t o f radiation stress is positive.
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F ig. 2　Com parisons o f simu lated and measured w ave heights for the 20UTC 22 Ap ril 1998-02UTC 25 April

　　 1998 storm s

M easured data—; uncoupled w ave m ode l---; coup led w ave-tide-su rgem odel( radiation stressm ech anism). . . .

F ig.3　A s in F ig. 2, fo r the 00UTC 01 April 1999-14UTC 02 April 1999 sto rm s

F ig. 4　Comparisons o f simu la ted and measured sea leve l for the 20UTC 22 April 1998-02UTC 25 April　　

1998 storm s

M easu red data—; uncoup led tide-surge model---; coup led w ave-t ide-surge m odel(rad iation s tressm echan ism s).. . .



尹宝树等:海浪和潮汐风暴潮耦合过程的数值研究 9　　　　

F ig.5　A s in F ig. 4, fo r the 00UTC 01 April 1999-14UTC 02 April 1999 sto rm s

(3) Impact o fw ave-curren t interaction bo ttom stress on w ave heigh ts and sea level

To inve stiga te the influence o fw ave-current interaction bottom stress in w ave-tide-surge in-

terac tions, the coup led w ave-tide-surge mode l used ouag includes the w ave-current interaction

bottom stressmechanism. F ig.6 ～ 7 show compa risons o f simu lated andmeasured sea leve l fo r

the two cases, at the buoy. It fo llow s thatw ave heigh t estim ates(Figu res no t shown)a re a lmost

the same as tho se in Fig.2 ～ 3. F ig.6 ～ 7 show that estimated sea leve l ob tained from the cou-

pled w ave-curren t mode l a re smaller than the resu lts obta ined from the uncoupled tide-surge

mode.l These effects can be understood in terms of the w ave-bottom effects. The effects of

w aves on the current bo ttom boundary laye r is significan t, and in fact the bo ttom stress is in-

creased due to the w ave-cu rrent interaction. Therefo re, the coup led w ave-cu rrentmode l is an

importan t conside ra tion because of the physical factors tha t it represents. M oreover, our resu lts

imply that the coup led w ave-currentmode l shou ld be the basis for simulating the current ve locity

and sea leve l in the nearshore reg ion. The results also show ed that the impact of w ave-cu rrent

in terac tion bottom stress is negative.

F ig. 6　Com parisons of simu lated and measured sea leve l for the 20UTC 22 April 1998-02UTC 25 April

1998 storm s

M easu red data—; uncoup led tid e-su rge m ode l---; coup led w ave-tide-surge

m odel(wave-curren t in teract ion bottom stressm echanism). . . .
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F ig.7　A s in F ig. 6, fo r the 00UTC 01 April 1999-14UTC 02 April 1999 sto rm s

(4) Impact o fw ave-age dependent su rface w ind stress on w ave he ights and sea leve l

To investiga te the in fluence o fw ave-age dependen t surface w ind stress in w ave-tide-surge

in terac tions, the coupled w ave-tide-surgemode l inc ludes the w ave-age dependen tmechan ism.

F ig.8 ～ 9 show comparisons of simula ted and measured sea leve l fo r the tw o cases, a t the bu-

oy. Again, a lmost same w ave heigh t estima tes(F igures no t show n)as the Fig.2 ～ 3 w ere ob-

tained. M o reover, Fig.8 ～ 9 show tha t the sea level simu lated by coupled mode l is improved

compared to sea level simula ted by the uncoup led tide-surge mode.l The improvemen t is more

clearly ev iden t a t the m aximum se t-up values, and in ve ry good ag reemen tw ith the measured

data. These e ffec ts can be understood because young w ind w aves are usually steepe r than old

w ind w aves and the re fo re ex tractmo re momentum from the air flow. A s a result, airflow ove r

young w ind sea is rougher than ove r old w ind sea, and w ave-age dependent surfacew ind stress

driv ing tide-surge mo tion is generally increased compared to traditional su rface w ind stress.

W ave-age dependent su rface w ind stress can increase the sea leve l by as much as 25 cm , which

indica tes the impac t o fw ave-state dependent surface w ind stress is positive.

F ig. 8　Com parisons of simu lated and measured sea leve l for the 20UTC 22 April 1998-02UTC 25 April

1998 storm s

M easu red data—; uncoup led tid e-su rge m ode l---; coup led w ave-tide-surge

m odel(w ave-age dependent su rface w ind stressm ech anism). . . .



尹宝树等:海浪和潮汐风暴潮耦合过程的数值研究 11　　　

F ig.9　A s in F ig. 8, fo r the 00UTC 01 April 1999-14UTC 02 April 1999 sto rm s

(5)N et impact of a ll physica lmechanisms on w ave heigh ts and sea level

To investigate the ne t in fluence of all physica lmechanism s in wave-tide-su rge in terac tions,

the coup led w ave-tide-su rge model includes all phy sical mechanisms considered. F ig.10 ～ 13
show comparisons of simu lated andmeasured w ave he ights and sea leve l fo r the two cases, at

the buoy. F ig.10 ～ 11 show tha t the w ave heigh ts simu lated by coup led w ave-tied-surge model

show overall imp rovement, particularly for the second sto rm case(1 ～ 2 April 1999), com-

pared to those simulated by the uncoupled w ave mode l at maximum wave heigh ts va lues.

Aga in, the w ave heigh t estima teswe re a lmost the same as those in Fig.2 ～ 3 w ith on ly radia tion

stressmechanism included, which indicates that the w ave height estimates from differen t physi-

ca lmechanism s in the coup ling mode lling change little. This is because the impacts o f different

physica lmechanism s on w ave heigh ts are mainly de term ined by w ave-curren t interaction w ith
radiation stress in thew ave ene rgy equation. How ever, because the impacts o f different physi-

ca lmechan isms on currents are no t too large, the feedback o f this impact on w ave he igh t esti-

ma te s is very sma l.l Tha t is w hy the w ave heigh t estimates from differen t phy sicalmechanism s

look almost unchanged. M oreover, Fig.12 ～ 13 show tha t the sea leve l simu lated by coup led

w ave-tide-su rge mode l is improved compa red to that simula ted by the uncoup led tide-surgemod-

e.l The improvemen t is v isib le particu larly a t themaximum se t-up values, and in be tte r ag ree-

men tw ith the measured da ta. Overa ll, the comparisons from the two cases show that the cou-

pled w ave-tide-surge model g ives be tte r resu lts than the uncoup led mode.l The ne t impact of

th reem ain physicalmechanism s on sea leve l is around 20 cm. Thatmeans the positive impact

from w ave-age dependen t surface w ind stress and radiation stress dom inates over the negative

impact from w ave-current inte raction bottom stress. This is very impo rtant fo r design c riteria

and ocean eng inee ring of o ffshore structures and for marine env ironment forecasts. M o reover,

the storm s conside red in th is study w ere re lative ly moderate. S trong w aves, ex tra-tropical

sto rm s or typhoon-force storm s causing bigw aves and strong se t-up in theHuangheDe lta coastal

areaw ou ld g ive more dramatic results. In these circum stances, it is expec ted that the positive

net impac ts of three main physica lmechan isms w ou ld be much larger.
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F ig. 10　C om pa risons of simu la ted andm easured w ave heights fo r the 20UTC 22 April 1998-02UTC 25 April

　　 1998 storm s

M easured da ta—;uncoup led wavemode l---; coupled wave-tide-surgem odel(comprehensivem echanism). . . .

F ig.11　A s in F ig. 10, fo r the 00UTC 01 April 1999-14UTC 02 April 1999 storm s

F ig. 12　Com parisons of simu la ted and m easured sea leve l fo r the 20UTC22 April 1998-02UTC 25 April

　　 1998 storm s

M easured da ta—;uncoup led tide-surg em ode l---; coupled wave-tide-surge model(comp rehensive

mechanism). . . .
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Fig. 13　As in Fig. 12, for the 00UTC 01 Ap ril 1999-14UTC 02 Ap ri l1999 s torm s

Ⅳ. CONCLUD ING REMARKS

The focus o f this study is a coasta l high-reso lution(2′×2′) two-way coupled w ave-tide-

su rge interactionmode l to study the ne t e ffec ts of seve ra l phy sicalmechanism s on w ave he ights

and sea leve.l Comparisons and ana ly sis o f simu lated andmeasured w ave he ights and sea level

considered two modera te sto rm cases for the Huanghe De lta coastal area and gave a quantitative

estima te and appraisal fo r the w ave-tide-surge coup ling inte raction. W e show tha t the effects of

diffe rent physicalmechanism s on w ave heights are main ly de term ined by w ave-curren t in te rac-

tion w ith radiation stre ss in thew ave energy equation. W ave-age dependent surfacew ind stress

and radiation stressmechanism s in the coupling w ave-tide-surge interaction show positive impact

on sea level, and w ave-curren t interaction bo ttom stress mechanism show negative impact on

sea leve.l The comprehensive effects of the th ree main phy sicalmechanism s show positive net

impact on sea leve l and increase it by as much as 25 cm. Overall, we show that the w ave

heights and sea level simu lated by the coup led w ave-tide-surge mode l ag ree better w ith the

measured values than uncoup ledmode l results, particularly for peak sto rm conditions. There-

fo re, we suggest that fo r accura te risks assessmen t of sto rm surge and w ave haza rds and predic-

tion app lications and for offshore design, the coupled w ave-tide-surge mode l shou ld be imple-

men ted and th ree main physicalmechanisms should be included, particular fo r h igh w aves and

strong set-up associa ted w ith typhoon or ex tra-tropical conditions ex isting in theHuanghe De lta

coasta l area o f the Bohai Sea.
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海浪和潮汐风暴潮耦合过程的数值研究
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摘　要

海浪和风暴潮是重要的海洋灾害 。对它们的精确预测和预报对沿岸海洋灾害的风险

评估及海洋工程的设计具有极其重要的社会和经济价值 。过去人们大多对波浪和风暴潮
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单独进行预报。实际上 , 风既产生浪又产生风暴潮 , 因此它们的产生必然存在相互作

用 。本研究的目的就是要建立一个渤海高分辨率的双向耦合的海浪和潮汐风暴潮数值模

式 , 研究各耦合机制的影响 , 以期为黄河三角洲沿岸风暴潮海浪漫堤 、漫滩风险评估提

供更为准确的海浪风暴潮预测预报结果。

作者在研究中基于国际上先进的第三代海浪数值模式和潮汐风暴潮模式 , 建立了渤

海 2′×2′的海浪和潮汐风暴潮耦合数值模式。耦合模式充分考虑了三个主要耦合物理机

制:依赖海浪状态的表面风应力 , 波-流相互作用底应力和辐射应力。波浪模式主要基

于国际上第三代WAM模式 , 并对其进行了浅水效应的改进 , 以包括浅水深度破碎引起

的能量耗散;潮汐风暴潮模式计算中开边界考虑了 10个主要分潮 K 1 , O1 , P1 , Q1 ,

M 2 , S2 , N 2 , K 2 , Sa , S sa。依赖海浪状态的表面风应力取自 Done lan等 (1993)的结果 ,

波-流相互作用底应力取自 S igne ll等 (1990)对 G rant and M adsen(1979)简化的结果 , 辐

射应力以海浪谱表示 。耦合计算中 , 两个模式通过三个耦合机制双向传递所需参量 。

运用胜利油田中心一号观测的 2个同步浪 、潮 、流资料对所建的耦合模式进行了检

验 , 并通过耦合和非耦合模式结果的对比对各耦合机制的影响效应进行分析研究。研究

结果表明 , 不同物理机制对波高的影响主要由能量方程中以辐射应力表示的波流相互作

用所决定;在波-潮耦合作用中 , 依赖波令的表面风应力和辐射应力对水位是正效应 ,

而波流相互作用底应力对水位是负效应。三个物理机制的综合净效应是正 , 可增加水位

达 25 cm。比较显示 , 耦合模式的结果无论对波高还是水位都比非耦合模式的结果好 ,

特别在峰值处。

本研究显示耦合模式的结果将改进海浪和风暴潮的模拟精度 。所建立的耦合模式将

对渤海海浪和风暴潮预报精度的提高 , 以及为黄河三角洲近岸海浪和风暴潮灾害的风险

评估 , 提供更可靠的参数 , 具有重要的价值。


