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ABSTRACT:

Oil spills in the ocean often have serious impacts on marine ecosystems and economic
activity; however, oil spills can be effectively controlled and cleaned up if their temporal and
spatial variations are well known. Due to the large scale detection capability in the space
domain, remotely sensed images are often applied to detect the oil spills. Marine X-band
radar, which was first used for navigation, is one of the most useful devices to detect the
spatio-temporal variations of oil spill. In addition to oil spill detection, accurately forecasting
oil spill movement is essential for planning and emergency decision making. The objectives
of this project are to develop an oil spill detection technology based on marine X-band radar
and to build up an oil spill forecasting system. The study will be performed in three phases.
The first phase will propose the prototype of oil spill sensing technology based on the marine
X-band radar and develop the numerical model for tracking oil spills. The second phase will
test the radar system, ocean modeling and oil spill modeling. The final phase will integrate
remote sensed data in the oil spill modeling. The results of this study can be used not only to
assist authorities on the maintenance and management of environment safety, but also to
improve technology for tracking the oil spills.

The completed work in this year can be divided into three parts: The first part is oil spill
monitoring. The image processing based on the algorithm of Cross Teager Kaiser Operator
(CTKO) has been discussed and tested using simulated oil spill images. In the second part of
the oil spill simulation: the high resolution triangular meshes have been built in Anping
Harbor and Taipei Harbor. And then the ocean modeling and oil spill modeling have been
build up and test. The qualitative analysis and quantitative analysis show that the simulation
results are reasonable, especially tide current direction. It's worth noting that the resolution
of partial tides as boundary condition has impact to tide current simulation. For the third part
of this project, this study decoded and analyzed the data observed from WERA high
frequency radar system, so as to obtain the sea surface velocity information.
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IR PR ETREABFEAESI(HZ) T, 5 T E X A - BT R
F(sec) > R & 7 PRI R > 7~ T F E gL s(m) > R 2
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BB AT R I ek miE P 4o AZiB 5 3sec o

%23 AP FTERPITR Y 2 %3k

R R S * TLIE e
xSk 42 rpm ﬁggzﬁi Lenps [ fi2
AHP A RE 1285 ?%%;&ig?“““ﬁ
S W | 256pixels *256 pixels ;1% ? ;&;j{{ :Z» i tedr

Ao vk BREP R FRARTANE? s R A g

Pl 2P RIERPIFRE2ZARE - J T KRR GE R vk
PO FoRY RBNrT F 0 R - ERGER a4 0 o
hoB 25 977 0 ARG E R A ITARE B IR T A FjR P )
£ B e EF T g d gk (wave spectrum)t 5 R F > @ ;ﬂ,\?gx G
ﬁ—d ) & -ER W) -2 nz\FJ&(lmage spectrum) 4 45 {8 3] » F]p dofe T FEE
P EFE A ERnE L1 v - o

2-13




| wwaswaEs [
ﬁn;ﬁ@
/ %ﬁ%@% F— RmAMMBL
ﬁ%%ﬁ [ wmmmam |
| —uwgw
%%;&&
/ #ﬁéﬁ% /
%ﬁ%%i

[ —www
v

[ gmmgEw |

B 2.5 5 ’g\,g,\-:}l?lﬂ;,\_‘ ,417%’%1‘;;71%3

et B2 2T o7 N2 2 e 82 R RO
%ﬁﬂ%ﬁ:ﬁﬁz,ﬂé*ﬁ&&&’%ﬂﬁﬁﬁi*?@ﬂgé
Foifz Btht > RV A Rl

SOk, k,, @) = ”J. g(x, ¥, )Y IIGANAY e, (2-5)
50 SO ko) SR A IR i BORE N &
B 7R gy )R 4B 6 FEB GRS § 1 BRE S
FRastde kx,ky R ? = A 2 A #i(wave number) § @ &

B PER 52 A ¥

B e LT KB~ > Borge et al.(1999) % 44 SOk, k,, )

2-14



.ﬁ’,ﬂ,i%ﬁiﬁi(,ﬁ\;ﬁ /ﬁ»"g > L%ﬁ}; —T‘)\ F'&mrﬁg '4“51” 3‘_@_‘ 724 é; "%)f °
BRSSOk Ky, 0) SR HEIN AR T A 0 T KRB MR R ok B
$@(k,.k,)

S@ (K, k) =2 [SO (K, Ky, @)d® s (2-6)

w>0

SRURIA S B N A S RAUEE S 3 D R Y At
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B S TR gy i ek e A 2 Pl M 0 T R
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)i"'a%i__,_,_/ﬁ?m Al Bl £ £ F R0 ;}jgﬂ{,ag{( 2 —1) :

o F S PRETIT Y s 2 e B4 (A SCHISM j3 34558 @ 4 02 gvd);
Q D4 g stk (Wm?) s ¢, ket 2 (Jkgt K -

B - &P > SCHISM & F i\ * 2Ltz &) %R
(unstructured triangular grids) & * % kT3 % > @ d-B 3w B2 L AEE
% 14 (terrain-following) ¢ S &2 Z Ak % %> 4@ 3.2 €38 1
(z-aX|s) A48 4 T 33-k i+ (mean sea level, MSL) - S & (Song and
Haidvogel, 1994) <% ** Z ket k (4rBl 327 a% b)>S¥& Z
% R (demarcation line) & k" =—h e R h S E£E Akt
BB kG I e ga Bh o RIVERR K° & Z BIEL € 40F 3.2
PRILFER gt o SCHISM 3 (Fi; At R34 S Z iR
A SEEFBEITE SR EY R Y AR KR (hSh) ) 5 fRAKINT

FR R kE (h>h) % Z Aiko

?gisié% 'S I ’f}]%- ‘—E‘Bﬂ/,zmmwb%}ﬂ\% PV AR
BT ERRELANAG UREFARALGDA I R T AL EZE

]
R e ¥ Z f:i:%%fv?f%&f%@% UAENIRRED- . ALNE QTR R B AL
J B A5 Ensg Y A o
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= k+1

B 3.2SCHISM % ¥ 58 £-8 A s &b
(F# %k : Zhang and M. Baptista, 2008)

3.22VOILS i&7# @ﬁg’?]:b?;fﬁcﬁ:;\?

I S S T SO R AT AR Eet 1o =UR
ARCE A i Aafce s TP e S REFRE S 2B E > B
—ETRTNZ G e AT RN T I LN AW
5 P Eci e SCHISM % 4050 o v 75 B4 fil it 4o

B FRACHCET o A K R i BT o R B2 0 05 Al AT
(- B 33) > A kZ EFdfHEHEr - LFR f@ﬁ%ﬁ%ﬁﬁ:ﬁ
(2D-VOILS) » @ #t » R B 20 75 Bl & * = BiE @ @ ﬁiﬁ#%%’a;%ﬁi“
(3D-VOILS) (Azevedo et al., 2014) o = fes = a7 % Hich 2 & KF
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T]’ ~ j}Tﬁ
ESE .
AT AT o P

G ERZARETH

. INPUTS and FORCINGS

Bathymetry (ZKZ&HE7E)
Global/Regional Tidal Model
] (2R EBE )
. Climatological data (R&&#}
3 Atmospheric forcings
(KRR
Waves (R)
Splll characterization (,ﬁﬂ,ﬂ#}fﬁ) |
Oil composition Gl SR -

/ﬁ' In“*g—}\ > qu ?\ «f,'_
%*@iﬁ%g%ﬁmimﬁt

RS S

3D VOILS

2D VOILS

SCHISM Hydrodynamics:
e Water level (7Kfir)

e Velocity (Fi#R)
e Temperature GEFE)
o Salinity (BBFE)

|

Surface Slick Module: (FRE%H1EZH)
Advection ({#3g), Spreading (#&E),
Evaporation (2&2%), Emulsification (A.{k)
and Shoreline Retention (BT E)

+
SCHISM Transport and Fate Module
Water Column:
e Advection (HiE)
e Dispersion (ZE5Y)
e Dissolution (&fiZ)

B 3.3 & /3 dpAcH i 42 W] (Tkalich, 2006)

1. @ 75 edficE 4~ 4% W & ## (spreading and initial area of the slick)

ISR S B
A 4 (viscous forces) ~ # o 5k 4
(Lehr, 2001) - ;¥ &

S oK R TR

2. — &

:3@&@@%@%%@» (2D-VOILS) ¥

d & 4

2 ob B AR A B o

(gravitational) ~ g {24

¥ 73 fio3" (the 2D oil spill model)

P AT AR e

¥ % (Lehretal., 1984; Lehr, 2001)4c ™ 3¢ :

3-6

D SAI B
> Seds b T ik L gy 2

b B 4 0N P g% SCHISM 3 o8 3k -k iz s

(inertial) ~ %k
(interfacial tension stresses)z; e 7
[ RSP R R o RN SRR S e
ﬁFmﬁ%%%@ﬁ LW AT 3
Ful A REA e B REY HF R o

& i
¥ e 5 chie

BT



2 1

A = 2.27(AWV)§t5 + 0.04(AWVU1%)t ....................................... (3-6)

1
AV
A :3_47{ wz/ ) .................................................................... (3-7)
%

RS py KRR GV A AAEM MR L EN SER S Uy s
ke b 10m Bz boiE 5 v 5 R auE B AELAF Gl o

Aok A R F 2 5 s (2D-VOILS) (Oliveira et al., 2000;
Oliveira and Fortunato, 2002) > ™ % & - & ¥ ¥ p > ;2
(Eulerian-Lagrangian scheme) & f#é /5 &/a -k £ £ 7@ ﬁ%@ﬁ_l& B o HC
Ak RS iAo oA S 2R A ARG R ST

FR G 7d N E-6)$n-Hic > Ak Kfz o

o, i(hu,.)_ﬂ[z)s ﬁj =Ry gy it (3-8)

He D/ o h 2 KFER D x, PRI FNEHR KRR,

For Ak VAR TR R IFR DR RECE R BB T

* 5% Z% (evaporation) - 5t it (emulsification) ~ 2k*4:% g-:¥ (shoreline
retention) % 432 it F IR % o

W A ED, = ght(p, — p )L (3-10)
0

H P Co=002kg-m? s 5 k&G FH LS Gl

(3-8)8 ez M [ h LAY A D BN Ky if o A W4T
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SRR ST B3

e F R T R R R

ou,
D e (3-12)
Dt Oox,
P AR R IR eknIE (sources) ¥y in g (sinks) ¢
Dh
= Ri_p (3-13)
AT ARR A1 5 UMM K fE o Ao R
Dh 0 oh
= | e 3-14
Dt ax,( ’ Gxij (3-14)

3. = ¥ 3 H3% (The 3D oil spill model)

ST cKBZo0h Y 2 M 3 Y (B3D-VOILS) » A f3id i3 Ak E
¢ ehig 4 (dispersed) £7% f2 (dissolved) =il iy 22 S Hc4e T 3¢

+u +v

oC oc oC oC © ( oC j
+W—=—| K—
ot ox oy oz Oz

0z

Bd C5—4aug gy (generic tracer) 5 u,v,w # %5 X, 3,z = v i
BAE 5 kR R SRA 8 (vertical eddy diffusivity) 5 Fe @ ok

AT S R, 5p = KB P W5 iRy &2 i (sources and sinks) » T & 4

LA
R, 3 =—Dispersion—DiSSOILION ........c.coovrvriririrnnininisinisissininn, (3-16)

H ¢ Dispersion % 7+ i ;5 -k B P 4 $73E 4% ; Dissolution # 71 /3 f#E 4%
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FEtH BB ANV A B REARN SR CEART
B9 kAT o HigRiEART W & -k (water-in oil)shZE B B i R
Ab'tia A JRong2 i (sources and sinks) o ¥ Aok B P oenp i iE AR
Bl 38 (3-16) Rda i » & W3 A4 A RER . TRAT AT ERE S
B bl R AT I F G

RS G CRERR o B KR TR R R LB BT

% 2 — 0 F] uﬁl‘&ﬂiﬂpz‘ ETiE BRI LR R
ﬁﬂﬂﬁi“"“) WARFRBER B ANFTREE B BT OERT
IREIF RS- BT I AET R H Ak

' {f_“-} 'lu'l:_{fl.' garth

W34 BB T P R B ARIFETHE
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%2 ® AQUAVEO = # #1% E e Surface-water Modeling System
(SMS) 7 * #c#g > &- 275 s ﬁ‘éﬂ;a "‘17&%\» B oFe 4 IR G Pl E
A EPLEE M BER N E BT E e ks
7 #8353 ¥ (structured mesh) ﬁ’éhiﬁﬂj.&ﬁaﬁa (unstructured mesh) - #
P34 & a1 SCHISM /& ii’—ﬁi;“iﬁi:fﬁ_‘% FE3AAEE PR

A4S L Z 42354 (Triangular mesh) » H 4 % ko2 SMS #icfgze
% o SMS #rAEiE ¥ = 4 35 iE A4 B 3.5~1§] 3.8 '~ A KIET A

AN

<

e

B AR R EVE T ﬁyg%ﬁﬁﬁgﬂ,gimﬁﬁﬁﬁégﬁﬁ
o N FRERERRNTT o e A E BPEFENN N30 R

Flr b A RRTR o N T e Achau W 105 22 52 E
Z AR ko d SMSITH A J 2 X T g ghic s 9897 B o
Z AR 25184 HP AEE ) FEHE Mdme L E A+ R 370m
(4- 5] 3.9) -

-

File Import Wizard - Step 1 of 2 [

File import options

Set the column delimiters:

* Delimited ¥ Space ¥ Tab [~ Semicolon

™ Fied Width [~ Comma [ Cther: Text qualfier: |" -

[+ Treat consecutive delimiters as one [ Skip Leading Delimiters

Start import at row: |1 3: [¥ Heading row
File preview

1

2 04830 080 25483045 500 [3F_T00

3 SRO320.000 |20A0AT 250 [$5.700

4 B0BRA45 B840 |2543140_000 [R5_700

1] SO5901.020 12548016 000 B3 700 j
£ ]

Help Back Meat > Cancel ‘

Bl 3.5 -kips 235 = » SMS Hal
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(IS 1120 e - AR LT L

7
ADCIRC Arc/Nodestring Attributes

- Boundary Type
" Unassigned
@ Mainland
" lsland
" Nomal flow Parameters..

" Nomal wave radiation

" Mainland barier Parameters..

€ Island bamier Parametzrs
© Weir Parametzrs

€ Zero nommal velocity gradient

€ Ocean

- Boundary Condition
@ Essential
™ Tangential slip
" Natural {w/ tangential slip)

Help..

.

M.Bg

AERsa o

s, iz

W37 2E2 =435
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Scatter

¥ Srow soton pages for
eiiting dln ery

Hel. MO oA

120075 ———
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3.4 F= 40 iE 35}’3.‘1:&  E Bpds 4

AR R R R R ERAER > T RAPE LR A o E DR
&iwé?ﬂ%ﬁ%ﬁ\%imﬁﬁ’%*mw%wﬁé%ﬁi~ﬁ
BOERSRRTAL PRl 20 P R A iE R AR

B2 A AR T o R R0 o2& e FES2004 (Lyard et al., 2006) >
i FEFARE > TR UB R 65 2 A ¥ v 45
4 BLpipE M2-S2-N2-K)e2 4 ip2>pi? (KL~O1-P1-~Q1) >
B 3.10 5 M2 &2 @3t 23k 0 5 enffa) o Pt ok > W2 & e K B e
BT A RSB LR (T AR A AL 3
OSU Tidal Model Driver #73 & 2 A f2+45 & 2. 3 frﬁf #wLsER &
MIKE21 HD #5877 r2 810 2 ® 44 /347 B3+ B #7{F 2 M2~ 82~ N2
K2~KL1~01-P1-~Ql % ~ @A » 4@ 311 d 3tip 7 & ahf il
KhEE s DR ARRE > FI AT EVRIES BT R
PRGBS PHAPIERESFPE ) 540352 &

180 130 120 e i} G e | i} i} Jali} el 120 150
. — )
ua

i

2

w

b

=T

sl

o2

& i
I
- Il
é?&
(1]

A 5

=T

g

[iu]

b

i

) 5
180 -150

@ 3.10 FES2004 i 77 $3" #-8 M2 £ 823 23R & i i3
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ann REXFRERARIFALAZISERD e ann et Gl )

R RIS LA D

- AN SRR WESBE R R

N SRR SESSEMEERTH BET = AT FMESZ K00 NP K2 /LA
T RN Tid Ut Tt S 2T RS - 1 LRI LR RTY

BE= - TR R 2 ¢ JER e

== o wE o
. s -

MR - MIHHEAE, -

i L S T R AR A 2702 R R ) =i T
T T M Tt 55 2SR L I WAL B 2B - MG -

a3 L 5570
KIeliE - KIfEfE -
sz R 272 203
UL - ULt f & -
i i = Eﬂﬁ |BIEEEHE ,,[m u.1510s FHR 2arsrs [iE
SR e RSB BESGAU ALEAR N [
sus FR 23137 [

1380 050 o f (Mierosoft Exeel S B 5C)
= PIRRS - PIfifEAR :
Az AmnARet EETARSe— AT usies R ersars iE
aaaaaaaaaaaaa aa mabaimntiz

QLRSS - QUifitrAR :
wsars R 2sr.srs JiE
ENRERA - E2ifitrmR -

ueszs R 2rser

311 5% AR BY 5 R BPN BAP

M a X EREBR > A7 224 wf NODC (National
Oceanographic Data Center):» WOA (World Ocean Atlas)/s i+ -k < F 3L
E>BEoypFFfe 335388 -8R 33 BRB - PRAZT
Flo FALPFR 5 2005 & 5 RTZRfE4TR G 10 B> L2 2w as
Pl R Pp A4 B R A AR (& T~ 3 T0E 3 T0E)q §
Ao B A~ K233k >~ wE 0-10-20-30~50~75~100~125 -
150 ~ 200 ~ 250 ~ 300 ~ 400 ~ 500 ~ 600 ~ 700 ~ 800 ~ 900 ~ 1000 ~ 1100 ~
1200 ~ 1300 ~ 1400 ~ 1500 ~ 1750 ~ 2000 ~ 2500 ~ 3000 ~ 3500 ~ 4000 -
4500 ~ 5000 ¢ 5500 = = » H FAL@EEFE 27k Tl pn 2
http://www.nodc.noaa.gov/OC5/WOA05/pr_W0a05.html AR AR

P Esmi i RSB R B AR

B 3.12 2 B 3.13 » ] 2 WOA /3 5 k= FTHET 12 23 @
SGE A WY NG T R T EERFTARET RSP
Bl > P8 s g R 2 BATA > 3k % SCHISM & 4050 17 5 4= 4

Rt

e
E = o
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(=]
=
b up I < Y =y ]

Latitude
" o

ats &5 =0

) P ] . ) A L7 L ¥ . 43 L S S ] O o i L e o L0k N i Lo
o H°E E0°E W°E 12FE 1BFE 180F  150W 1200w P e0Mw 20Pw ig
Lengitude

[oos loom

e 5C 107G 15 205 25
Temperature

1.9484 [20.7812

:-Lon.g.i{udé v f"\-l;at-i"tudé v draw coasts ¥ jf:col'brs |

Get Data ||Entire Dataset data in view || Export Edit _plq-
Page Formats | documented page | | plain page | | linked pdf | cut and paste link | | more options |

® 3.12NODC/WOA1 R fztr R 2 2FRE R & v B

Depth:
(90N | B
3
2
=
h
']
-
b
|15 )
i
=
.U:I
@[ ]
g : 5 = ]
=5 o T I T ] T N T T T T B
o H"E G°E OO°E 1EFE 15PE 1o0P ISCPW 1ZOPW oW E0PW 3OPw OF
- B Lengitude
508 loom
o | 0
5 1 15 2183 - P525 @ 35 40
; alin e
E— e 03572
Longitude v |[Latitude v ||draw 7]
| Get Data ||Eutire Dataset ||| data in view ||| Export || ” Edit | plot-| |

|Page Fm'mats”I_cjoc umented page ||| I_p_l'ain page | ||| linked pdfﬂh cut and paste IEk|||| more optioE'"

B 3.13NODC/WOA1 Rzt R Z 23 AR & v W
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BRE A PR YA FRA S BRI TR kg L
Bh P F S haled BREA ALY s (NCAR) » B hob 1
g (B FIRBF4R Y« (NCEP) 2 4F & ¥ % 3 (FSL) ~ 3 & §
T B(AFWA) s 2 EFE 3 F% 3~ Bif @ 8 1%‘5'553?’“*3‘;?“1’%:
(FAA): F &£ iT% 4 B3 R B BB ;8 (Weather Research and
Forecast, WRF) ¥ &+t 5 % % 28 § %87 RIFEZ ;I;;’“—r}j‘*#mﬂ TR
BEx F TP o RN g aFRZFEFTRL Y 4515
2 528 » gehfick W 5 221x127 ~ 181x193 &7 148x178 » & ﬁgfw F] 4
B1314 2B 316 - FRETR = 1/ B 4R & B 5 84 /] BF > FEaR4F

FHREP A o AL EHET 5 ST fEIT2 b 25 5 R G S
4 o

Sy SRy

BON | 1 1 | 1 1 I 1 1 | 1 wind
Wind Speed

0800 20090803 (Local Time) i L Speed
| _ A (m/s)

31445 2 2 3472, WRF % # BB IF4R 503 X
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40N | | I | | | | I ; | | | | I L | | |

Wind

| Wind Speed g
| 0800 20090803 (Local I
30N — ' in
20N — i’ n
10N — L
. 0

110E 120E 130E 140E
31515 2 2 2472, WRF % # #c B IF 4R 554 3 X

| l 1 | |

i i Wind
Wind Spe : e o
Loy e )
25N —
20N : | . : : 0

120E

B 3.165 2 2 f2472. WRF % F&EFFH - H FF
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35 % T BB ik

351/4/3-‘%3—\‘3&1" e ]
AFE T E A1 SCHISM s hilad = 4 8 2 = s g
ﬁ’é@ﬁﬁéi%ﬂﬁ@?”éémﬁﬁﬁﬁﬁﬁ%%%aﬁﬁ
TR R B R EIT i AR E RN TA S A ik
%‘-\m,ﬁﬁi s LHP RO B B RENE R o 5 ”}3 ERERS
Bens RSB RN E R FAE T R it MR G o

% SCHISM /= F #5828 2w > §.d F = &k (http://www.stccmop.
org/knowledge_transfer/software/selfe) ™ §¢ cje 3¢ k& = A 57 3 3+ 5 47
i % o SCHISM 7% 2050 « T d o 8 RdZ A28 5 6 & i f
?ﬁﬁﬁﬁ@%ﬁ@i%ﬁBMﬁﬁﬁﬁﬁﬁi’E@$MBMﬁﬁ
PoFv iR T R i%éﬁ%] R RECBRECER S BRFFETHE
LEd BEREAN ST EARE LR BT T HUE A -

$
f,%p“&gﬁﬁm% %ﬂ*ﬂﬁ4*WJ?%EL%ﬁo
EAPTERTFLA %g #% = Intel(R) Core(TM) i7-920 2.66 GHz
2 e 6GB 4 cfadl 0 I3 * OpenMP T {7 it Hj# 2 SCHISM
o5 \ﬁ FrxcEx s Hv ,b/,,\jl | AP B FIEE o AT LS G o
SCHISM & X8 & A4 VR 7%k B 0 3 & A KPP L85 i fic
BB SR FEon g eanez s ATy 24 2k p »t Red Hat Enterprise
Linux ix P& B xR 405 2 2 8 ) e 4048 “7 %@ = CentOS Linux %

T)'L //F" _L ‘@ Eﬁ/:“‘ ‘fu ,JL‘E: ’ ;H. 4}3 /:‘i %% L& )k j?i:r’} r]g‘ m*j;,k}_-‘ o E} —;‘;’\
Linux fe3 kg & kg B > A m L FREL L0 /Y F 40T
10 % BB E R g (open source) i T iEH > A H AP EEE &

N

=

Behp Ao b LA 5 p 0 dokl(freeware) ¥ B o dopt ¥ o
Erg i -%13 La-F - 2 BRI L o
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@ SCHISM 4 X358 5 — R4os8 B g dd - 2 4] * &% Fortran 2
FETRE R & Fortran %R AV MRS o 2T ESHNGTER
# 0 A8 3 % 2 Intel Fortran for Linux ﬁiﬁ*}‘i—‘ﬁﬁn€¥ﬁii\: T RE o @
Intel Fortran for Linux £ 7 # & FORTRAN 77-90 £ 95 e 4 >
3 FARGUFEEEE p 4 s R E R TR R TR %R
4B FEOL TR AR rE- £33 - BF_ s Intel Fortran
for Linux i & 84 7 hnsFrachll > e R AR S v gt o

xﬁw%ﬁ%ﬁ@ﬁgP,@%suﬂﬁﬂﬁﬁﬁﬁgtr%mDFﬁﬁ
B et 32 > & NetCDF (network Common Data Format)s % #_d % B K
FPFE LR ¢ F b2 Unidata 3H 78 B 0 2 LA L B o
TGP N Fhp 37 e R H BRE B 5 P
Pt s U2 A FEERTEL PGS B THERAR LR
Vi FALAME N L X T AT
o e Bl s 2 NetCDF A2;¢ 2 ¥ #& & C-Fortran~C++~Perl -
FHEFT s UERSFRE T UEESERTARE -
NetCDF 7 S R chmgyt > % Fvpd~ i\  Hop 2 ek i
http://www.unidata.ucar.edu/software/netcdf/ - SCHISM #73% & p‘f
FiEE NetCOF 2 B k= 2 » i R B e P %-tt“ﬁii\&

ETTS l_bﬂ

whgaEREALY 2

puf
\H

BEEREFTHAIE S 5 0 AFTFHTET BRGSO S
3 o 4oz pd gk NCL(NCAR Command Language)  :& {7 ]2 g
W BB ms YA ket NCL fotig WA 17 B o7 97 F hlA)

SCHISM /& i3t craz B 1T 4 7n 4240 ] 3.17> 5 L& ¥ Linux & st
2T ¥R G > Risd SCHISM kT ﬁ\},ﬁzﬁrmw ﬁ’*@.‘qﬁi B Jﬁ@i
11 (TP o 50 A4 H A L% Par-METIS & B - %
¥_Makefile > #4258 5 FF L TR 472 fiole > &7 3B & b2 B AT
T2 fe s Id CPP % 24758 & 4 #2355 4838 7 ¥ > 13k 2 fortran
%#g,%?géﬁﬁ%oﬁﬁmﬁﬁﬁﬁﬁgﬁ%mﬁi%&%
param.in > ™ 4] SCHISM -8 2 % 378 %dic > wrPF P & bh’ﬂigq]
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#1
ﬁm@~%£%@mﬁm@~ﬁa~“

»

SCHISM /& iF 4

S ﬁ%ﬂzﬁ;%ifﬁj‘é_”‘ a1
?A} ﬁ;]l—h ;J-% g

TP 4% 2. outputs
blnary & netcdf # %2 &\

Z EFLinux & 4
(==:3:

.

T $SCHISM
B 18 3 AR 4E

&

R A
T 1F B &

]

%3FPar-METIS & &

I

& teMakefile % 453%F
SCHISM$447 #

|

&2 param.in it 735 F 5 4%
2B XFEAMEEAE

U

AT A

|

&R REE

B 3.17 SCHISM & #5812 § I 72 )
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35.2 HoEE % A4

=R TR BRI PRI AR S # M%rﬁiﬂ‘% o0k eE e i
e s s b2 B R oRIFEE AE R > £ 1 SMS $iifiE 7
BHIEE o x d % SCHISM 5 EH R0 8 = o B EMEH 281 ch S
87 AR kL Fptat e wE A G 21 K o

% SCHISM & 4N sh A Bl B > ko 420t * 207 b2 i
B gy~ RARIGE A 2 & KRS kG R A A2 2 £
FRBRFH N 2EE c AERA SRR TR ET RP RS § %

PR (B 2 F B) BIPTA KR om0 ¥ EF O KR A B 5 FES2004
(Lyard etal.,, 2006) 2> 7 ¥ #F A EE B3 A EY L F o a fd
F IR R AP A A e R R RO R 4 £ (104 £)6
1P3267 30Pp asXTRadaipind 6" 15 P 5 o) 4o
318 »2 B 319 B¢ d gk RA TS AN BT AL PR RN

)

i# % FES2004 shifiinid » ine %1% 6 0 A AHRSE % 0 &P
W*%ﬁxﬁﬁﬁmm@o
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318 MaANAR* P EREZ P ¥ EIIRT TR B2

WiTAa AR P SR (PFRF S 20152067 15p FFRFRE:
3o pPE s kAEAY ZAL LY FAT)
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@ 3.19 12 FES2004 # &2 ¥

/4117- o "*(F’*Fw
EF L Ld AL

VORISR R Z HiTA R

015 & 06 *
,HJ A7)
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MU TR N BT e € TR R e R B 0 IR
e R 0 4rB) 3.20 2B 3.21 0 BlP d PR A AR
T EONP A PR GE A ﬁpﬁﬁﬁ ERaERA P EY T TRE
r FES2004 653 77 & 7 5 A de B2 B 15 mﬁ%‘ii@ ot %8 3.20
Biom ris BN s P Y R e /’A’/F} PR A7 he B B iE iR A
B R RS ETFRFTH > T & E(105 ﬁ)#e»—i{ﬁs‘_;, AR B

BHRERRE o B 3.21 Mo BR i e BRRARR S L G Bl o

T

oS ORI R TR R T
BIER 0 RS R R AT
(1) * 3= £ (BIAS: the mean bias error)

TR

-~

BIAS :%Z(Pi -0)

(2)35=> £ (RMS: root mean square error)

) 1 . 12
—{NZ(P,» 0,.)}

(3) %445 B (SI: scatter index)

_ RMS

HY > NEFHISGK PAFREPLDTIOE » 0 AP FH O T

d %%&Tuﬁﬁﬁﬁ@ B R AR ARG e
B g e g Pl 2 BFenT 3k £-005m/s -~ 223 X
0.03m/s ~ ¥z ét4p 8 0.15 » - Si3t g % P &g iRt 2 FES2004 e 77 4 i
ERE AR L s Rl p)i 2 = Sy S
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