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Scientific and Technical Visualization for Ocean Process Simulations
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This paper briefly introduces the work done up to 1998 during the past twenty vears for
numerical modeling of ocean process focussing on the neighbouring seas of Korean Peninsula.
Modeling of global ocean dynamics has also been performed as a pathway to understand the
regional ocean dynamics. The ocean simulation produces a vast amount of multidimensional
multivariate dataset therefore adoption of scientific and technical visualization techniques were
essential to properly understand the physics involved.
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FAHY A9 4G AFTARY AEHojdd ¥ YA dF= AA Hoddd
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S8 ATGEHY W47 A48 9389 Aol IYFA AT

2. AAFHFA EH oY
FZHA ° lobal Ocean Tide Simulator

A7 HFgoez YFE HYFRYHL AT-HI-dSAAY HAEYA g8 F7]Hq H5Ae
Wslel FHHORE FHFE WAA . FUFA A 4EE FAg M due e
A ge] AYe 2 XHAEE AHYded ZHFARYE ¢z P+ WY 1=, V3E
e 8/ o ARz AFHAEZNIGY ojo] 8ol BHEY V6E, I/12: 4T
ATFHYZANE NS FAAE 8 FL 229 AT NIZHEIXY (94" FHEIXE
A ZAAEACHI-2) 2AFR ez o] WRFP Sandwell®] 2¥F A 74} 8 (ftp.topex.ucsd.edu
YE B d2 AT 28 3R £ FAUPIYE 28 AAS) 108 AY: AFHIRFY
THAERYE 15 vAd vk A AT 2HRYL ded g8 {7 AL FEY o
WX sfgeAe] 244ze] @A, ¢ Age ¥, A FYo AFEYFTH A7 HE
T AFAME dadge diFeAgd o HEF HY, £ AEAAe EAg AY
(closure) Al ¥ A& FFHY FeolH3)l £F A7 AFAHY 2HAYE AHSA &
Fo2A AFYAH nEAY AR AF o]BEHY oiulE o¥ HFFTZNEHL ojA7Y Bud
ATEY F 7P} AAE SAEE ZAME u o] Z¥ ARFIHVUE 5 A44A AEx
YA4E g 48, g F52e =4 FAd AEGAANINE AP A P2y BaANY
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2 gtk 2¥e] AHe As, A% zgp&SAsnde #HZF, Geosat(ERM, GM) ¥ Topex/
Poseidon, ERS$Y4 9 154 Aaz=3y AAY Az viPE 2 AuFs2N $Y5E
H A NOAA, JPL ¥ ESAZYEH XA ARE AHFLZ AFHI A

2.2 8 %3 32 & ¥ o] ¥] (Global Ocean Wave Simulator)

Al 340 sotrd[4]e] de] o]&HA dol uel sn - 24 - WY EFAAY ATE A9H
Foll Hgae A HEo A% AAFAY AEAAE FHIE ATE FYSA HAU
ool A FA G} FE(wave climate) TA e X4 28HA FHAA Ao HA), F
&2 AA(ship routing)e] [HAA FaF Aoz dgsvd FF A doly woj27t
¥ g 3}, Norway®] Det Norsk Veritas ¥ 8% & David Taylor 4% Q3 4dMs 49d3d
BE ol¥d #YE P Fr|Hd }F 2A8E Bisn den o AuzFE AW, HFT
ZE AA 58 9% A839U EAEY 4d34E 2549 F Ak Y AREY FN3HA AN
ZE A7 AFdrI2gddae AR (22 AFEH2 ded ECMWE, NCEP 2 g9 7
Ao AmEoTh 4 dEJFH 10479 A= 18HE HAYE ARZHFH v 6AT
73 AFALY] 1E 7 SFF dolgulo|2E 53t 19884 1] WA TA|E o]
AL dto]R ATz FYPPoen 10d AEHNAE FAF Arh AF L2 ALE 10944
Z AYste Wd AA AFGAA AFdH 1= HF9 HRREES AAYE R 2449 2¥9EY
o2 AL A% THE AF, Asie AMAE ¢ Atk o2 A hindcast® HAF FA
t @3 71449 GDAPSY dxE ZAAE 1d ¢H2 $439 updatingA 7122 A el gl
B ¥ A8 (wave climate data set)E EFET & A ek % AEH)AY AFL AR BS5
Roja st AFTANLEA(Geosat, T/P 2 ERS-1 94) #tiie] st @A ohe] vu2 A 3
Ha

2.3 3 %32 5 ¢ o] €] (Global Ocean Circulation Simulator)

A FEge A vetate Aol Bl gy 2R TAA Y FHF FHAEHA A o]g 2
AN 71 Aol g A (grand problem)E A @ m YTHEL AT QAAQA HFe] H+ 71Fd
e gafo] WA AzHe wa gon, 199893 UNo| MAHYEY sz A3 At 60dd
o 14 Y #AFeaTy AFAE(Sarkisyan, Cox, Bryan, Takano)o] 42 wlAd F 5 o)
53 Hdglo] Hgsanyg e FL&£8 A 2A AUk A T OCCAM 1§99 1/4=E 3
A% 23, Semtner$} Chevin® 1/4% 2%, Los Alamos 9749 1/65 2%, JAMSTEC ¢
/4% 230l £459dd AA o4 @ 4 wE FHHE o)&sn Aok ATHAETNY
ARPL 15, 12F, AFELBRES AR 1AE AdE ¥z d¥Ysin o Sy
9L 185, SAHPFL I/6E AF=2A £Hstn Arh FAd WEAFHA 9% 14
2H& AEFHD oy qriEe 2yd oF Fr|aAe Eojrtan Ak

2.4 3 %24l A &9 o] g (Transoceanic Tsunami Simulator)

AAAA DAY, 2uo)E HAXA £ A ga e AFETH PG o ¢
HE HYnzA AdME dnst 1 molWAT Fa2 Auslel 2UA Anst woldA G
o & ¥yt GG e 2L AnHE 2une FFE NEHIHAAIFIZ] A 1883
d Krakatau(Krakatoa) S}AbEe] ojg 2un)e] $3F98 F3d dn dddze ARy
& 5% AAAAZ ANEHoAHYed HHYYANA Avtd 19603 A wyfe}oli s 2
o], 19649 dej2st 24U gy 52 FAAMAR AEH)ASHYEY HENHA 2nd
M 5 HAYEE 2= AlBHojMdolnt. 1883 Krakatau 3t Zde] H9-w FdYgE A4
3A1A Caldera B 9% S8 F4 $48 A998 A4S A45UA A FrAge=N
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271238 AAHAT G 2une ALR AAAE FEsY THADVIVLE NEH
o]ldE& AANEsHT Ut Yo ANEHAEAE FYIASI|YE o] 47 o vlelbdoez ¥F
NRAEA FA 2ungsda B&3dd doHE HEHA AL 3Arh Krakatuashd &
wo] og V|5 AY A HLAAE ZIHe HF Y Y A% 2/+dEF G
of 9% 74 2utvle] dig R ALY A AEH o] HE}E ATE FAAHoR
g d7FolnHrl

3. A9 FAFAEHH
3.1 1A

FA 2093 A AGsge FANEYoIA k¥ HAE A AAHA HYAEH
o] Mol &% hindcast®} forecast® Y Vool #YH, FHH I8 AFIHY BFHAA
WEatA €k =3 AAY 7R 78R Ase A dd FFE v A gl
AYE AEHA(NTE v, dA4 53] 4¥d) A S84 wss 2o el
d& s FEAR] I FHEF, HE, dd, 2, FE) A8 FegFHoz Frhsdo
dAtutol A 2¢s JHRAAE FHIE Fge] AYForh8E].

3.2 A9 Fx A& H

AETHG S lm ©j3H30 arcsec)d] SF=2A G ZHEYY] (NG AEs 7Y
o2 £ mo AFERAN SR £22 AFHIZHRY M &L AYAA
g3t Fowyel dAe |5859 AYSE 1HY 9 dicte]l b FAMHY F4ARE
AH o2 30 arcsecE 3t @il #AYL 1 arcsec (& 30ma )22 & | arcsec?)
o Azt PP FEIEE TR APRRA AAAHUG. o] HIL #A mdY
g FrtzA A4 U F4, B2 ARGl ALE A4 AAd 9% AEHA AP
As7ld e A7 Q7] dEeolth o] AL FF Fde] £8° RAOJEE 7E AHQ FUEY
AEFTFES HPAA FETL 0|8 Ao] v st RE RYPAAEY] A diojg o
o)2=9] YL T3 FUT 29, 2F AEAAS FEH HAEHA 18T qEY 49 &g
W e c¥AYE nEH L ADCPAEEZRHY ZNAAARZE Fs Frdsd FI3HA
o] ot

b B S

3.3 AYagsisiA B ol g

dA FHE 1/6x Sz 5 B A AU ASAARFE I FHA oA 113
o] HARAESAAZAN HGAI T Hdel FdFolvh 1978dRE 19954711 1Y 239 9 - 7
E 05X LFASAXE dolEuo]AE ol43dtd 173 7] s EH oM o% AFAMNAY o
Al FgFolrt, o] Axr HAY HFA g% dd-z4-dd HYHAH Y (wave-tide-surge
coupled process modeD)s] B3tel HEe] iz FY &P SAHAAFTAARE AFTHEEA
ZbE St - AFT A NH AU ZIEAA 23 E ATE 7 Ak AR fevte] AA
43 vEo] dNE sde FoHe] 249F HF AHEYUE APsto daHe ~HEYS
o 2¥E 28357 A% Zzdeolguo]aE AN YA o] APL FH9 24 e
o o3t AR AAe FYgx HoE FEsD SuE FEEHde] 3 S48 J¥A4 o
A AAE = A Fo}

3.4 HEHAANBHE
#3 2N FE AFBAES F2 204 AJY L AFe] BUE FUAGL FHY
WogAsed e s, Ade] BAREY AR B 2% 2R A Yo o
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@ 2 vt 2Ae 963 ~98d 370d 9] A7F S H}YLR Wt FRHAY FFE v
49709 "F AgeoldE FHHY 2estd FHYH Y vEd YL 2444 PMBLRE
F 2oy HERYLS AAY S A Ade FHHAG. WD 22 AALe
(ZA+s DA EH AR R (EF2MANEHNAS A3te HARZM AJANA ddAzLe
A1 ste] FuvAZEE Ay, st APdxd AGHFRE FFAA Y=Y Fad
49, &9 dolguol2rt FEFHUY. 2 GAl ATEE 1 arcsec®] F4), B3 databased] 12t
@ A HY HFAEE)AB0m FHAZE JAAA)Y BHE FAANES BE}E AW
A 8l X (coastal flooding map)& FHAF 3= 7] ¢4 FAds FIFoIth

35 ig]‘ &_E]:D')slg"ﬂolg-

#2 Faicte] 19834, 10039 TAHe] WA 2un WEe T At A9 WAIE, A
A%Y, AN A2 dF AAT 2 A & A7 FRATh A 106de] A
pun) NEHAY HFGARM FdY AT 44 dolRuelzd £y B
1 arcsec EROEIE HPAA 2rin] HIANEHIH G0m +HHLE AAAA)E SR
Hdel APRD gk AEAIAE 4319] YA Mo] S 2uin), 288 FTAB] ANE 2
AX e g 2vpe] E=@ FuY AFAA @ 2y NEHMeE FRHY Koz
29g AdHTHE UGN Mol 49F Ho| gon #3Y sRe] g 2YANEH ol
3 ATE BAA2AE FT(unp rati) CEN Y AN R Aot TRAE AEo|
o,

4. AFANEHlH

YR RA Tt A F2 3 EANA vjEY /ST A, dFe aHd ¥&3] A
) AZEE TAZ Hol Eortn e AT vA= ATERS 238 AAF}E #HEY
Ao gz HAFFHA 77 ad Aol AFGZHD Ak d7IRY, AFARY, HWEY, 3
FrHRYS AFAA CO9 wF, 4uFe] WE AFH#ZAIRE A&jn =F 43, 85, A
E5 AP S AEHoHEE HAAHY A7 AT dTd ¥£9 Earth Simulator#] 82
A ATE 10 2 AYAFIE virtual earthE AW FHAFEHAN TN Z2age=
7y - AFAAE T AAZAN Fe 713 J[HE AYsin Joh FEFHA G 231S £
g7 AEGEAEH AL NCAR CSM(Climate System Model, Gent%)[9-10]8 Z{e=
3o It FAA gL AF2E AYF CO, wiFdde] A F34Fo Axd o dAFHA A
A A3 o 24, d9, Y, AFed] WHdEE FPsd 31 et - ] 8
WEE FAE dF T2aPL A FEed 53 & £

5. #3713 71A 8

A gy s dJudelde dE€L AFYH =& 7l & APYeR ofFfo &Y
dole, EXT AR A £ FAE $3L JANFHeR AFToEAN AR F4FH
ANE FAY A2 Ags] S8 ofve}l | Yot AAFHoR e 4L FHE AEA
A M3 HAR g DdAE JIANHeR = AXNoR AEHHAY F dut. wepA #Eg 2
FaolN FANEHIARY ] WP AHAZEL FTHdE AFHoZ 24y T2yt
gEHd AL HFEH AP Auvielde o7} FEr]E3 sHA8H(Scientific and Technical
Visualization)o] 9]&8] 3z ez &3 ZAEY & YA JUdcd FRAY, AAFA9Y
{Computational Fluid Dynamics : CFD), 9%, &%, $FFg9A ofvvcjd& T AEH)A
o] ButatA FRHT Ut #}F 7|&AEHE 9A X ALE FMAFHQA FFeE AAEE
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712N, o] QAREI 719 Al AAY g EAYY) 43 FEE ZYHE 4L 0]
A A Zeo] stddA 2FAA7E Gyt ArEHAN g 1873 v FHE AT 28}
A A ad 2 2t o] Feoig §9¢ BAE AYE FIAYYE Hi=d AFY
of ofs] AAg Bad ARE FHAE] 4A olddcd FERE Fo, 25Y AF, ¥§ 2
e ol JFHQA AAE Holm . o] Z[YP& F3 /1L A Frle] AW 4%
& FHY3A 2L UFE HEA72 EF Q2L AAE A F Ao 7EFH e fgay
o FXHANEHo|H &€ YdF 49 dAAGFTEFI HY ole HAAG A I
§71e Aot st 28 & FA oz FAY ALGARE HA3I o)sEy] A UFH Ago)
c}.

(1) AT HFzAe] 58 AT % 108 d4x Z¥E oj88 FHE 8/ B2 24AA
& & AAHGEH o] HAFFrY 24(B)F] =Y, AE, Ax BF FEo2 ARHL EE
Fourier &40 oj3 JZ 3 44 Ag2A P o] Hdid SAALE 544 ¢y
EMEE subsamplingd] 934 &3 JARE BE3 FAHojo} 3nf, =T HFTF7]9 An
25E e =ML L 2MNFY Fo AT BHY ATE JsAE o)&AS) o] ARE
AP HIE F ook v deoj9 ddgE Mzt HAF THM FFL HEF FEHEY
4L & "art ok olgid 278 HEAIE FRAYA A= WWW(World Wide Web) A A
oA AEHEE w7 73 o]y o] JAVA-html-7HA S ZEH o] £ TP
2 o]fojA £ vk A9y =4 ANgdHolHY FEEY 9A FAF HZol o] Ffdx 4
AL 24, 25482 A4, #9382 R4S dataseto ZRE o] 827} server FFEANA 4
ot S FdAAM €T AHIEHE AR AASAAS} olv] FEHE 2HRNe) I
HE YL o] 827t A LEE Byt o Yasit [Plate 11

(2) AF8 Y - st ANEHolEe dA A WHd# hindcast A& EF DB3 A|A JHAl8} 7|84
BE AT s 7144 AT ¢ YRR FHAREY A QAT AR dRAA
BEEANIIE AT FAde] oty FAFHA 37Y ubBFY EE 9FHA gy At
vhel WS EE AASAE vled AAE gt AF A AL Fdste ARYe 93
& Adst gy gty Fet FEREe] YRIYAE FHHOZ AHAAN FFUEY FHS
LA FAANLF JE7te 7HNFH oz ol Add ¢ Ao, ol A¥HY F39 7%
FHA AL 253 RYoq gtEo] EEH AP d¥stt g U, 2% e
2 ol&d ¥ dr} [Plate 2].

(3) AL AEHOHAL Q9 WAUE, AAFYY L Ao} B Ay L st
Aol HAYAHA MY L FFue JAAFor FAH AFAAe] HAG s %
o] WHelrt, FEHAFL 339 FHoZ WA AR E Hostn AGYAAA AA
9 FEE ARHL olF THY ZHoIWo2H TS AAHEE FHHY YL
o dYe 7tERY Agse A gdny agde AR A8, FAHL AYNTE AIE
ol dd FA7t thaFe] & AYANYoR A FYALE XA TS EAFS F
9 Rz e=A gordlcl [Plate 3]

(4) AFc8I di7] AEHIEY FY AYHQA dalg dFEF A S fYgezy grE
o A, MIEY L FEE 7S, FAHY FAUFE] AT FrEA AR EY o @ A
ool 713 FAGAA Fupds] Jizte] HY olAE AREE P SHAE i@ HIyH
gAYl AAH T UH Rl slBHos S $HHos BAg A (uF FYHe=
AABFAL 339F ARE AHLLE FASE BE 9™ 7Yl fEHn ] dadze
2 o] NG 7IYE S¢oz & vigoez diAg Aoy AAd xIIGAY YA UA
AA FEH 2 Ut [Plate 4).
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HAGHAFE 2 gazdolde FEY o AAFENFOZ YA BB L RN
24 9% ¢ e A2 dAHD oy olAx AME A dHME FYAHY 258
&S glon £ AuFIHVYE ALAIE A Aok AAdAME %A G AF
Uile] oEdHA gm § AAZAN FASE ZYJIYPe] Y Aoz AYHEd A oy
Algdole] Aig YARFHo2 FEAFZIAE A o BAAANN ydaRR AR
o gFriaZdo)uty(d, PAPERS; http://yara.ecn.perdueedu/ pplinux)5o] A@Ho2 M4
o] glo] & d&35 €@ Roz AYd

ALY 2

2 29 FEd d7dHAe dFE FA7FAL RAAHTAZI €], 1HA(1986~1998) 2
22 A1(1999~2001), ¥ HAAFTEATFAYE R (F)A+A4 Anady FAdYFALEAT
AZH Yo A o]Ffojrev] 279 AYINARATE NLYFTHAEH Y CRAY University
R&D Zze] o] et
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M, Tidal Chart of the Ocean

Wue Winet degd.red lined e .\'x-nmn M‘l.R\)S‘Y\B ‘.)1\\)‘
0° 30°F 60°k 90°E 120°E 150°  180°W 150°W  120°W  90°W  60°W  30°W

30°N

B80S 4

90°S 4

-

30°N

3°N

6U°S

a°s
it Ryuy Kwin T Wiy

Frof Bywne Ho Ched & Deng Hioen Kimo

Ccther 1957

10 20 30 40 50 606 70 8 9% 100 110 120 130 140 150 160 17¢ 180 190 200

WO°E

M, Tidal Chart of the Asian Seas
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Plate 1. The M; tidal chart of
the global ocean drawn on
Mercator projection without
subsampling from 4320x2160 grid
elements by 5 minuse resolution
tidal model (top). M. tidal chart
drawn from Geosat (Geodetic
Mission) altimeter data (middle).
A blow-up of the M. tidal chart

S— for the East Asian seas (bottom
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Plate 2. Wave penetration into a bay. A hyperbolic type mild slope equation based
wave model capable of representing wave diffraction, refraction and reflection
process is used to reproduce construction effect of the Kwang An bridge in
Pusan. Dynamic simulation results were fused into three-dimensionally modeled
bridge and background structures to enable video—animation of wave-structure
interaction.
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Plate 3. Snapshots of rendered images of a tsunami due to volcanic eruption of Krakatau in
1883 for source region of the Sunda strait (top), transoceanic propagation around the
Antarctic (middle). A tsunami travel time chart from wave ray model (bottom left) and
wave propagation to southern American coast (bottom right).



>
o

17A

ok

10 TP A 824 813

P>

| Kerea Saciety of Computational Flids Engineering [

Robust diagnostic result
from half-degree GFDL/MOM Monthly Mean (04)

Sung Kyun Kwan University,Korea

Plate 4. Volume transport for April computed from a half-degree resolution global ocean
circulation model for the whole ocean (upper), sea surface temperature for western Pacific
(lower left) and volume rendered images of temperature (lower right).



