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1. Introduction 2. OPEN BOUNDARY CONDTIONS

. : . L . Variable C

L1 To model a wind-driven '0”9 ng_e combined W'th tides, wind Vyaves and U The Orlanski expressions modified by Miller and Thorpe (1981) are given by
surges under _storm event_s in limited compgtatlonal areas, varlab_les at (referred to as OSMT).
open boundaries are the tidal current, the tidal water level, the wind and 1) r res
pressure-induced water level and current. (1) "=, +(1-r)n;

L1 These can be obtained from the extrapolation or the interpolation from i o1 1 :the sea surface level,
large-scale models or observations. At the open boundary, the tide- ;e t . the time step,

Induced water level and current are usually estimated by the astronomical (2) r={Cc if 0<C<l n :the grid number at the boundary,
tidal components. 0 C<0 h”™ : the prescribed sea surface level.

L The combined wind and pressure-induced water level at the open : - . 4 CisesiimatedbyEad(E)
boundary has been computed by barotropic law. f t—1 The phase speed C Is estima _ -

L1 However, the combined wind and pressure-induced current is ignored in 3) C= nfjll 7?;: with the variables in the interior grids.
most cases of modeling the wind- driven long wave combined with the M2 = s . s
tide, the wind wave and the surge. , T_he prescr_lbe_d sea surface level, /7;

L In the study, the method is proposed to estimate the combined wind and (4) n=-(F-7,/D)/pg nEq. (1) is given by Eq. (4)
pressure-induced current at the open boundary and is described for the
performance in the simple case and the real case in comparison with the Fixed C
Orlanski scheme modified by Miller and Thorpe (OSMT) and the passive L The blended radiation condition of one dimensional Sommerfeld's Eq.
form of the Flather’s condition (FLA). suggested by Flather (1976). U L |

; rescri norm rren
_ SIMPLE TEST (5) U =Ur+\gh(n+n) h?ares : thg I[s)eeasguerce Ic:eve?c;lljcu‘leattéd by
' " Eq.(4),
() N B /1 :the sea surface level on the nearest
y OB Wind Types Open Closed : ST :
etk — — — | = = — | Cumd | Cume grid within the domain.
116 — CWO | Constant (Sfi}ld{;h;n the whole O Y I The Flather’s Method (referred to as FLA)
(b) ‘““fi“ 1 1 . Originally suggested by Flather (1976) to calculate yPr in Eg. (5) using the

Solid 76 Solid < o e Interior solutions. In the initial stage, t = 0 sets to

BC o| BC I‘ﬁ“”‘ z P T prosent method | [7 UP® =0, Ast=t+1, UP® = U;'l. This iteration method continues

st ’ wn N o \ ' during the storm surge calculation.
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202 - g %7 1 I The present Method (referred to as Present Method)
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0 ~44< /ﬁ ; LI Two modes:

: 005 «  First: generation of sea surface levels due to winds and pressure
Fig_. 1. (g) Sket(?h of channel and \{vind field with : Time (hour) 877 doP 1 ) | _
gllf);ISC]Sug el::r;i) f,' : the observed station) and (b) fFig'd-zﬁ CO”Q%‘Q?”i?I, Calqglat? dtV\E';a-tert rI]evels (6) ng = —;a—x+;a P ;2: ;tjrrr;;)(s:ghenc pressure on the

or differen s at the grid point B in the case .

0.05 of PIC. After integrating Eqg. (3) and ignoring the Initial values and the integration

0_04_' ” — E@;Tt method ot 11 L1111 ;:oeffici%r:téso(%e sea surface level on the first mode is given by the same
_ A — - _ | s "‘}'_” ey 5' biagh lh't“?. ‘{rq.x'w'mrq orm wi g. :
£ E?. f 0.10 - ‘l‘m MJ‘ME&WMM v MM_ - Second: generation of currents winds and pressures
= \ g -
3 11 g (7) %—(j+ gD aan” =0

\ 3 005 - X
s __Egﬁ,,ﬁ e Through the similar procedures with obtaining Eqg. (4), the following equation is
0O 10 20 30 40 50 60 70 80 90 0T —T T 7T T T T T T T T T 1 obtained
Time (hour) 0 50 100 150 200 250 30?1 n?:?h;[:? 450 500 550 600 650 700 (8) Ur o Dr,f /\/7
giigéfén?%rg%a;i:\??ﬁeoér(i:c? 'Sg:ﬁieéj iﬁutrrllrgnctzgg rof Fig. 4. Comparisons of calculated sea surface Utn i_s tﬁe nﬁormil current and substituted with U "dn the right-hand side of
PIC. gseel grg\llf\;gem Pphsatiie gndpomtBin e Er(]q (5). The two-dimensional normal current in thg y directio% may be
estimated with the same procedure.

3. REALISTIC TEST

6. RESULTS AND DISCUSSIONS
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et e _ S Fig. 5. Geophysical regions
E‘ : Y & of 3 level grid domain for
i : | the realistic case (e : the

@ A long wave was generated by forcing a wind of 14 m/s impulsively for 10

7 ™ observed station, Toyama). hours along the y direction over the lower portion in the closed basin.
S = @ In the open basin, the constant wind of 14 m/s was forced for 30 days over
the whole resion.
= = ELgée?;/gt?OTgagLSdoGfﬁgreet‘r’]vtee” @ While the oscillations with the range of + 5 cm keeps on appearing in sea
e MG T OBCs results for the water surface levels (SSLs) after forcing the wind from the results of OSMT and
ket Bl ke sl e levels at Toyama. FLA conditions in the closed basin, the SSL becomes stable after 20 hours
0.4 ; from those of the present method. The calculated current shows the same
Crece I P Aanc oot > tendency with those of the SSL. From the results of the constant wind
E o2& |77 g—éﬂ\MT - é___Qbsem on gy 4 forcing, the similar trends are exal_fnined_.
c i - Present study | @ For the real case, the numerical simulations were conducted from 10:00
'~§ Juy i \n 10th ~ 08:00 14th in Feb. 1999 Japanese Standard Time (JST) at the
s 0.0 - T i-’i:i ¥ ’1 E N Toyama coast Iin Japan with three open boundary conditions. It can be
5 i’ !i:ii’-!if" i ARV A seen from Fig. 6 that the present method acquires the stable SSL after
S oo i v Vo even 1 day for the spin-up, while the OSMT and FLA conditions need at

least 6 days for the spin-up calculations to be stable in SLL at Toyama.

Pre-cal. for
| E E E 5 Present study @ From the results in the simple and real cases, it was found that the present
-0.4— - | | | - i - | | | ; method for the open boundary condition results in the more stable sea level
1/22 1/26 1/30 2/3 2I7 2/11 and current. In addition, it showed that the duration of the spin-up

Time (JST) calculation in implementing the present method is dramatically reduced
compared to those in applying the OSMT and FLA conditions.
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