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1 Introduction

The researc h of (dnputational Flud Dynames( D) adv ances rapdly as the conputer
develops in recent years, and is wsed to eluwidate a fow and the phenonenon wth a
fow in a wde field of the science and enginreering  Kspecially, it often apdy to the case
that isto be mot able to repro duwce experimen tally or is difficdt to maswe such as the
enviromen tal assessmen t, etc.. The oceanc phenoremon  vhic h isthe there of this study
affect wth the man society like the fishery etc. from the earliest times very much, and
the observ ation for it has been continued as for, bt it is difiult to understand the all
phenomen  in the ocean by the observ ation becaise the itsscale islarge. (FD is wefu
for the analysis of a oceanic phenonenon that isdifiut to maswe like this, and wseful
for a lot of fields in the geographical fluid dynamcs.

There are a variety of space-scale and an elemn tary process included init of oceanic
phenonenon, and to vhat scale you pay attention, the way to estimte is diferen t. It
woud be seen that there are man y techniques for variows scales, like ocean large circw
lation no del wing amlytical technique by G.Veronis et al. at 60’s, KM that is three
diramsionall m del and developed by the Binceton wniversity in recent years, vhic h are
the mo del intended for the ocean of the earth scale and the several researc hes are been
carrying out into the closing sea areas or the estuary inthe Toky o bay, the (3ak a hay, and
the Setouc hi sea, etc.. 0 the other hand, surverying internal report, especially the (3ak a
bay is researc hed actively in the enviromen tal assessmen t for the Kamsai International
Arp ort comstruction.  “There are the researc h by Horie et al. and O¥M  whic h adop eted
three dimansion multi-layer no del developed by Nakatswzi et al..
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However, alocal area like the Japan Sea or the Japanese neighboring waterssuch as the
land shel fand the coast region, which can be calledthe middlescal eof the previous, isnot
anal yzed stilko much. Becouse, about the alocal area, the scal e of nunerical calcul ation
mgh t grow further than that about the Osaka bay etc.. Especiallyin conparison with
the Pacific (ean, Japane Sea is closingsea area, and itsstructure is conplex. The
observation data about thisisalsoa little.

Well ,Russian ship "Nakho dka” sank inthe Tottori Pref. offing of the Japan Sea in
January 1997. And the accident that the heavy oilwhich spillediswashed to the seaside
of Japan Sea occurred. It reached eight prefectures including Mikuni Beac h in Fuku
Pref. where the bow was washed, and the bhig disaster was broken out. It was able to be
understo od earl ywhere the shipsunk and how the oilspillednthisdisaster,but itisvery
difftul t to forecast the oil washing to the seaside of Japanese coast accurately. Because
the nunerical anal ysisimtended for Japan Sea was not done inthe past. In addition, as
1t was necessary to take effectiw correspondence inalimtedtine, accurate presunption
for passage was needed ina short tine.

Then, we target "Japan Sea” as "Local ocean” inthe titleinthisresearch. And, we
aim at belox we would lik to costruct the basic ocean no del on the conputer which
becane a base to predict the driftfor the broken oceanic pollutionlile the oil spilled
disaster and develop a suitable parallel al gorithm for this ocean no del, and we plan to
speed up the calculation. & nunerical calculationfor the entireof Japan Sea have not
been carriedout yet, it must necessary to elucidate a whole itsinage for understanding
the structure. In addition, constructing the Japan Sea no del, it becones possibleto
forecast the driftwherev er the accident occurs.

2 Modeling and Parallelization

M deling Japan Sea, we would lile to use the assunption and the approxination bel ow
the sea water isinconpressible, the hydrostatic pressure appro xination, appro xi nation
of Boussinesq , the flow isconstructed from the baroclinicflow by an internal no de and
from barotropic flow by an external mo de, and we takes the influence of the wind into
consideration. And so, we obtain the M vier-Stokes’s equation, the diflusion equation of
tenp erature and saliniy fromconsevation of nass, nonen tum tenp erature and salimy
as a basicequation system Itwas discretizedby using the leap-frognetho d and the baro-
clini cflow was sol ved explicitly We would lilk tosol ve the barotropic flow by introducing
the sream function into the barotropic flow; discretizeit by the nine point difference in
the spase, and use the pre-conditioned CG netho d.

Next, We have devel oped Japan Sea no del by using thisocean no del, and we experi-
nen ted on the reserwe incl udi ng the verificationof the no del by 1PE on J90 nan ufactured
by Gay (b.1td.. We used elewationdata FIOR»  which United States NDC was nak-
ing public. & a result,the influence of the (driolisforce and geographical featuresin
the Japan Sea, etc. were able to be expressed well.H wever, wvhen we constructed Japan
Sea no del with the gridresolutionof 2km at which we ained at first,itturned out that
the used nenory consuned a very large anoun t of 2.2(B and conputing tine of about



96 hours at CPU time by the time integration for one day. Then after we comsidered

this prodem we concluded to parallelize for the impro vemen t of the calculation speed,
and to introduce the nesting metho d for saving of mnary we and the comstruction of a
ocean no del efficiently. At first we solve the region by rough resolution, catch the mare

partial region wth fine resolution, and put the result as a boundary condition ~ With
nesting matho d, we wll be able to obtain a detailed resut of ained partial region We
can calculate efliien tly by repeatedy sodving a smll m del.

We wed the domin deconp osition to mk e to the parallel, vhic h was a general
techrique, and parallelized the step vhere the baro clinic flow was solved exgicitly (It is
caled a parallel region). The grid paint row of the sare latitude wth a certain wdth
ismde a growp by dividing this mo del wth the data structure of three dinansions
along the direction of latitude. Each processor is allocated this group and a parallel
region isexecuted by the multitask We wsed MH for inpremsting  a parallel code. The
performnce exp eriman t vhic h wed a hexahedton m del was done on BE man ufactured
by Gay (0.Ltd, and we obtained speedup ratio is7.55at 16HE

3 Experience and discussion

We costructed the ocean mo del wth quadrupe grid resolution of the target resdution
on the assunption  of nesting metho d, experimen t and comsiderate wth this. Wen an
external factor was only a (oridis force, and the tenp erature distribution was given
mso-scale eddy becaise of geographical features was seen

Next step, we set the boundary condition inthe Bwhima islands west water service,
and the repro duction of the Bwhima current was tried it was seen that the curren t
fowed into the souwthern part of the Japan Sea, the front was formad, the curren t flo wed
into the Toyam bay, bt Buwshima curren t prime branc h vhic h went north according to
the Japan Islands was not aHe to be repro duced  We though t that the purp ose of this
isto adopt comstan t for the eddy viscosity coefliien t. The turhulen t of the subgrid scale
colld mt be expressed becaise of this comstan t.

In addition, we examned the inflience of the wnd The infleence of the sea surface
static on the fow isfew at velocity of the vind 5mis level, bt the fow was under con trol
by the drift curent wen the wind becare 10nds . Mreo ver, the settling situation
deteriorated at the stage where the strem function is sodved becaise an external factor
such as the curren ts was taken for this Japan Sea mo del, number of iteration increased,
and conpting time had grown

4 Concludi ng remarks

We though t that it is only at the stage where a primtiv e numarical 1o del of Japan
Sea is comstructed on the compiter at the time. In addition, it wll be necessary to
work on the accuracy immro veman t of the mo del and the speedup of the calculation in
the future. "There are repro duction of a real curren t or the cold water mss mo veren t



by the introduction of a turbulen t model (for imstance, coefficient of viscosity of SGS),
inpreren  tting nesting, and an accuracy inpro vemen t by the application of rematesersing,
inprenan tation of estimate to drift, etc. as the former. The latter is parallelization of
pme-conditiond CG matho d that isworked ot by serial pro cessing now



