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The 2024 'Marine Pollution Emergency Response Simulation and Monitoring Project’
focuses on marine oil spills and chemical pollutant leaks. It uses the GNOME and
SCHISM numerical models for both oil spill dispersion and the CHEMMAP model for
chemical spill diffusion. These tools have been used in emergency response and
scenario simulation exercises for both oil and chemical spills. By the end of this fiscal

year, the project will have conducted 18 oil spill emergency response drills, with one
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incident still ongoing. Although the 14 marine pollution diffusion simulations
conducted this year-comprising both oil and chemical spills—have exceeded the initial
target, the project team continues to support the Ocean Conservation Administration
(OCA) with emergency response simulations. In terms of technological advancements,
the project includes one emergency response exercise and a real oil spill emergency
monitoring operation, both utilizing X-band radar for oil spill detection. Regarding
advance technological capabilities in oil spill detection, this project has evaluated
international detection technologies and conducted analyses of relevant techniques.
Specifically, X-band radar was utilized in one oil spill emergency response drill and in
real-time monitoring of an actual oil spill incident. Additionally, the imaging detection
technologies ‘Pyxis LWIR’ and ‘FLIR K65’ were assessed for their applicability to
marine oil pollution monitoring. These systems were tested for their oil detection
capabilities at Cianjhen Fishing Harbor in Kaohsiung City, providing critical reference
data for the OCA’s future integration of advanced oil pollution detection technologies.
Furthermore, the project successfully updated three volumes of the latest edition of the
International Maritime Dangerous Goods (IMDG) Code. A comprehensive operating
manual for the WebGNOME online oil spill diffusion model was also developed, and
three training sessions were held, with a total of over 79 participants. The outcomes of
these activities have been incorporated into the OCA's Marine Environmental
Management Platform, creating a valuable resource to support the OCA in developing

marine pollution emergency response plans and optimizing resource allocation.
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Abstract

The 2024 'Marine Pollution Emergency Response Simulation and Monitoring Project’
focuses on marine oil spills and chemical pollutant leaks. It uses the GNOME and SCHISM
numerical models for oil spill dispersion and the CHEMMAP model for chemical spill
diffusion. These tools have been used in emergency response and scenario simulation
exercises for both oil and chemical spills. By the end of this fiscal year, the project will have
conducted 18 oil spill emergency response drills, with one incident still ongoing. As of
December 31, a total of 793 oil spill emergency response simulations have been conducted,
facilitating the OCA in promptly developing oil spill contingency plans and efficiently
allocating the required resources and materials. Although the 14 marine pollution diffusion
simulations conducted this year-comprising both oil and chemical spills—have exceeded the
initial target, the project team continues to support the Ocean Conservation Administration
(OCA) with emergency response simulations. Although no actual marine chemical pollution
incidents were reported this year, the case execution team continued to update the
CHEMMAP marine chemical spill dispersion model. In parallel, the team participated in
advanced training courses provided by the U.S. RPS Corps to acquire knowledge of the latest
CHEMMAP functionalities. Furthermore, the team conducted benzene spill simulations off
the coasts of Hsinchu and Dalin, Kaohsiung, offering valuable reference data to the OCA for
enhancing emergency response strategies for marine chemical pollution. In terms of
technological advancements, the project included one emergency response exercise and a real
oil spill emergency monitoring operation, both utilizing X-band radar for oil spill detection.
Regarding advance technological capabilities in oil spill detection, this project has evaluated
international detection technologies and conducted analyses of relevant techniques.
Specifically, X-band radar was utilized in one oil spill emergency response drill and in
real-time monitoring of an actual oil spill incident. Additionally, the imaging detection
technologies ‘Pyxis LWIR’ and ‘FLIR K65’ were assessed for their applicability to marine oil
pollution monitoring. These systems were tested for their oil detection capabilities at Cianjhen
Fishing Harbor in Kaohsiung City, providing critical reference data for the OCA’s future

integration of advanced oil pollution detection technologies. Simultaneously, the execution
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team explored drone-based water sampling technology and successfully completed the
preliminary design and testing of drone-mounted water collection bottles. This innovation
offers a valuable reference for the OCA to enhance future marine pollution emergency
response operations. Furthermore, the project successfully updated three volumes of the latest
edition of the International Maritime Dangerous Goods (IMDG) Code. A comprehensive
operating manual for the WebGNOME online oil spill diffusion model was also developed,
and three training sessions were held, with a total of over 79 participants. The outcomes of
these activities have been incorporated into the OCA's Marine Environmental Management
Platform, creating a valuable resource to support the OCA in developing marine pollution

emergency response plans and optimizing resource allocation.
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FRBEFTH > PR REBNBFTLY i & M % Ho Sy ~ 2 5 iRy 0 3t
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TP S (U3 E R L IFR FRIL AEHFEGFAEESRFR i ERAEE
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L AR ERME]

Bl 2-1-1 Line ¥pFii T & TOCA-NSYSU /4 /5 ikt 4

22



BALR g ERT R 13 & RAEP LAY ARSHIRI AT 4

% 2-1-1 BERDSLFEEFRE SAERT U

i 3R pE R 2021 # 6 " 22 p 10 P 00 A
TE LA B R R R
WAL P Medium Crude
A A ERE 60 e

T g(RR) A 22 R 29 & 466 F)

L5 120 & 16 » 405 %)

A Fa Lz 2 (WL BeiEmr
2021 £ 6 522 p 10 B 15 &~

% 4
AT
L AT F
A7 3 PR 2021 # 6 * 22 p 11 pF 50 &~
B TR T R

2 | BFRN R A4 SR
R e P T

HFLLRSPFERF (2021 2 6 ° 22 P 11 B 00 4~

27 Frat v 22 [E s
B%> % i 1 i REmIRS

Ao 1l A R%

kRt etz g3 WP e (A # & %%
A R L HENE %%

23




BELR g AEET R 113 &2 B4 #5422 A RREIRE RV S

2. ERF 2 FEEREREPMTENFLEAFL 20 FP > WiTAH B
APFATHSBRIR L L T 24 RN > RIRBRRE BT REpHIF2 00
Foe g lamEpE 1P P LG LRI ’ﬁ—ﬁﬁﬁﬁﬂﬁ
Bt B RMCT ES LpR L L R ) L RS et
PR 1 Bt ¥ Ol EAep F 2 @%ﬁzaprafﬁr%&lﬂ B b
L A

AR E R AN S AR R L R S B ET R B AR 2
B A 20 5 AT R - A FERBEREH B F B0
FIOEED N AFRIBF TR P L F R FRETFHFEES(OLT
- CWA-OCM) » #5822 Wi $ £ & a E 2 88 1 #r(Virginia Institute of
Marine Science) B % ¢h = a5 ¢ B & F#cE ;¢ SCHISM (Semi-implicit
Cross-scale Hydroscience Integrated System Model) > #% &4 /5 FF A st s ;‘#Lﬂi%] »
2 # 4 Ko WARRIR FFORREFET P L F ¥ REF REERT CWA-WRF
(Weather Research and Forecasting Model) = & > ¥ 0 2 R R 7B HEIFIR 7 <
(National Centers for Environmental Prediction) # #% B #ic;% £ 4 47 3 42
(Cllmate Forecast System Reanalysis) itk 35 # > 152 R-Bf R BHEEIT

3 RTIEIRE H o W5 LFITPEY 2R NOAA | 3 % w5 4
it GNOME (General NOAA Operational Modeling Enwronment) ERE R
FERALEEOR € EH T S 2T L FAE; SCHISM 38 73 i /& i i
oo TIAEZ ML R A FEEER Y SCHISM 234 5 4 #Acdic i 50
GNOME -

(1) = st BH ¥&EHS SCHISM

AR E R BERER T LA RPTIITFLR AT o Y RIREEDS
woE B RATT B B AR DR TR GRS R R e 5 L TR
S PRATE IR o A R A R4 * SCHISM B3 i & b 15 4%
%Q:ﬁf%iﬁﬁ] 2 84 %Kik o SCHISM 3 — 4045 B 2ciictd » ¢ Zhang ¥ Baptista
(2008) 14 ELCIRC /% ¥ #cie s At idecm & » - B B s iEdis ik
B (Ae@] 2-1-2 fror) 0 B3R S RfEz i okk 2 4258 (3D shallow-water
equaions) ~ ## -k & = fz ;% (Hydrostatic) ~ # = i iz (Boussinesq approximations) -
BEWEZRERE @ﬁ%l" #2358 o SCHISM 7 ¢ & f22 5§ 2 % p d & o (Free
surface)s @ ds fFiw » 11 & (KB = MAURSH RAE 2 R B A F o SCHISM = &

AR A T E R Ao WP
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SCHISM Modeling System

Tidal Marsh Sediment
{TMM} A {TIMOR; CSTMS;
SED2D} Generic tracer
/. Model Turbulence
{GoTM™m}
Relative I
Sea-level
Ri. .
58 Hydrostatic
P oIt wavel - Air-sea - Hydraulics Data assimilation
. exchange {PDAF}
I - Vegetation - Inundation
Water quality / I Particle
{CE-QUAL-ICM} o tracking
y Age \
Ecology/blo_logy oil spill
{COSINE ; ECOSim2.0} e {VELA-OIL} 0il spill

Status of models: Open-released /In-development / Free-from-web

{model name}/(__]: Dynamic Core
Bl 2-1-2 SCHISM = aps: B 8 i %
SCHISM gk dgrd) = 4258 3 s e d 8 <452 4258 5 i i SCHISM ¢

AR B A 2 T RN At N B R T R i 2 4250 (continuity

equation) ~ p d R o FH AN ZHE G AENT A LB L

V-u+@:0 (2-1)
0z

a—77+V-j’7 udz=0 (2-2)

ot -

Du o( ou 1 g

—=f-gVn+—|v— | ——Vp,——7Vp d{+V-(uVu 2-3

M gvy az(vazj Lo, ~L v 447 (uv0) (29

e » f=—f kxu+agVy

BREZERBERIC AT LHH G

%i{,ﬁjw (2-4
Dt oz\ oz s

0
bt = i(lcﬂj + Q +F (2-5)
Dt oz\ oz pC

AN Y B R e WP 4o T
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(xy):kTH0aE M)z 2 g vt i (M) Vi (d/ox0/dy)
n(x,y,t) s pd e #aM) h(xy):kiE m);u(xyzt) kTEge g o

+AAREARAARS (U)MST) s wiEEE R (MST) f N4 S
(N ikiz 2em¥Ee g Ed etk (Ms?) 5y (pA) f Bk
(M) g ooas BTG (=0.69); p Ak B AL 1,025 (kgm®); P,
pod kgt F B4 (Nm?);S:-k#? @A (practical salinity units, (psu)); T :
BAE(CC): v i E R AbF Gle(M®sT) 5 p R TR IRARF (M’ ) DK
AREHEELE FIBIABRS BT B LB R Ak (M) S F

[

7&I@ﬁ%i£ﬁ:Q:%W%ﬁ&hﬂiﬁﬁ(wwﬁ);cpwkwwﬁumgkﬂo

SCHISM ek T e 5 4 % 307 % & LR | B ap e e FIR 7 2t B 2
FaEr N R B ks LB Tt SZ 2 LSCA e ks H P
EE 2o 173’5'5 SAFRER - A ERAPRO BRI FERE SRS RPN
KL s FEERS R Y € A2 U (spurious flow) HRf 38 (Zhang et al.
ZMQ’ﬁLﬂﬁﬁﬁﬁﬁ%%%$ﬁﬂ%%%%%ﬂﬁ%&~%%%&E%
E T R ORERL TR AL Gt B o TP & Umlauf
and Burchard (2003) 7> Generic Length Scale (GLS) turbulence closure » # &2k 5
737 (Rodi, 1984) ~ (Wilcox, 1998) ~ 2 Mellor and Yamda (1982) & ¥ i BF &
38 o SCHISM Bk T ffhdx * 5 'L~ 4 SR TER S S R SRR A Bb
AT R it o @28 RHEREY SZ 2 LSC? AR k st £ 12 LSC?
Bl AT AL T AR A4 2 KTRS HR G - kR X SCHISM e
BEHITIEHEY RN E > URER R R 2t b > SCHISM F i@ * =
PER R EE o < g B N B sk o SCHISM v 48 & WWM-TI #c g 4
7758 (Roland et al. 2012; Schloen et al. 2017)» Ak im = 3 (8% T 5 i 7 4 i
ERITAAFEREOE S MG o B ARSI RIRE R R BN S AR
TR RS RS A BIIER] -
SCHISM i@ "M &3 F gt af™ 7 AR 40T ¢

@ PP THNAC BRI E S M4 W E kY FRE

R IZIL R o

‘-L F ‘(ti 3
®apiy -

@ i h Hp A AL v g b AEE o
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® & FikF) WaE I -

@ TR b B BIRE
® 4 5 4 EA BN B AT

® i3 e o

SCHISM = = # jig* f >+ B A2:E 40 B2 b -KiFER 2% 1 45 feensd gL
BRF R S PBpEE S TR A BRI B
%2 % it o SCHISM % >z ¥ 3 48 102 B B forp = 5 * =
(https://www.revolvermaps.com/livestats/locations/) » = & ;%4% % B EPA £ * &
Chesapeake Bay Program (CBP) 3+ & © % -k ¥ 2 2 & ¥ ¥ o 0 5%
(https://www.vims.edu/newsandevents/topstories/2022/schism_cbp.php) - g+ #+ >
SCHISM » & % B NOAA £ 4 WK FRIVDWR) ~ % B &7 ¢ < (EU’s
Joint Research Center) ~ ¢ ® Helmholtz-Zentrum Hereon(HZH) 4% 38 3 #-3] )
ford AR L g 3% (CWA) TP e E g * it E VI3RS LB
#-74(Yu, etal., 2024) - SCHISM iz % A4 ~ R~ B 5 A 4pir~ B85 gl
%%%ﬁ‘ﬁﬁﬁﬁﬁﬁ‘ﬁﬁi@%ﬁ‘%&%ﬁﬁﬁﬁﬁ%‘ﬁﬁixk

Boolirged ot FAXIE ARFE oL ] £ 3 2024 & 110 3 0
ER Y o F A 2 T F m i T Bk B ¢ AW 224 §
(https://ccrm.vims.edu/schismweb/schism_pubs.html) » gt 7= % % SCHISM #-3¢ i
Fhg kXD 22 K rc Rt s O o e

SEDBEVRE HAEOIERB LGS AERFRBEE £ Fe ¥ AR
%ﬁﬁﬁ?%ﬁﬁ’ﬁﬁﬁzw}AMM%N%AMP’ ok T B R b SR
PR AR A G I AT I2TAR > A 18RI 28 K > &
3+ 4 396,600 B = &~ E (4B 2-1-3%77 ) dB ARk SRI4* 59 K ¢LSC?
etk ML T g A4 2 KT RS H R T — R o SCHISM /% Jin
B E G YRR F %23 (E% 5 SCHISM 34 8 e 42 td G Hktd- 4o iF

AR 2aa X @i HYCOM #13gRlend o 3 K112 B X B REHR
FEOR M Af A E R AR BN AREF R L f R BER
B o dod & F %% BF fHcE i WRF (Weather Research and
Forecasting Model)¥ % & & 73k 5t 7f 3% ¢ = (National Centers for Environmental
Prediction, NCEP) § % ¢ Rl #-5% £ & 45 7 #L(Climate Forecast System Reanalysis)
SRR G R B S F RS SRR E TR RS BRI AT R el TR
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Lat (deg)

B 2-1-4 522 % 4 4% A & 338 SCHISM 35 e fa 22 K iEH 25 d B¢ B
ﬁjﬁ%%ﬁﬁﬁw—iﬂ %ﬁuv%ﬁﬁﬁﬁiﬁi%iﬁﬁ%ﬁﬁﬁ
A BITEE ROt B R RV MM eI 20 2% 0 B RIpF RAFERRS
&ﬁ#%%*éEﬁﬁ##ﬁﬁﬁﬁ%ﬂﬁﬁUMEm;Eﬂ’@ﬂﬁJJ%%ﬁ
RiFEE At o d & 5 TR B AZWE 1,000 o ) g kGER R RF AR Y
100 2 & 5 B BT A AL & RIS ORIRER ALY A2 o B) 2-1-5 &7 [B] 2-1-6
A AR 2019 & 8 0 20 p ok i R SR an (L AR F > B¢
TP FF AR AR > 2T 3 I FE R Y R PIEE T RS ] %
b AR A RIEF S HNAE G BN ERBART T e b B
BlP o d SIET 3 1% A e o BIRR DA ALY B ARG A2 BRIl
Food F AT ZE FIETRIIERRT UL IS B RAF RO LV AR
oo MERESFBEINFLBICEEN S TR LN G LB AER o

116 118 120 122 124 126
Long (degqg)

B 2-1-3 SCHISM #i5% & A % 5 553 8 e ft k5L
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Mesh
Var: 2D_Mesh

Pseudocolor
Var: depth

Y-Axis

ansrarae

121.4 121.6 121.8 122.0

B 2-1-4 =% % 44 4538 SCHISM 3 & 48 kiR 2

25.30

25.25

Max: 1.465
Min: -0.6214

Vector
Var: hvel_surfac
3.9

96 w 1
' ® 25.20-]
— 2970 i 1
2
1,080
0.9900
0.0000 1
Max: 3.960 25.15

T | Vol
121.80 121.85
X-Axis

Bl 2-1-5 2019/08 & #* & /& 38 /& ik PF /3 S e (L AR S

T o
121.70 121.75
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— [ ey ) NG, TEL S < = =
\&\‘?'\-\\\\“\\\\\\\\\\:\\\\ NNt
;\\\\\\:\\\\\\\\\\\\\\ SN S
NN N S TR RS D KRR 3
R N \ \\\\\\\\ \\\\\ NN e
BN \\\\\\ A -~

25.30
=

Max 3318
Min: -1.2563

Vector
Var: hvel_surface
943

| ‘

[N N

g
Y-Axis

Bl 2-1-6  2019/08 & A & /& 38 /& /i i3 pF 3 S e (L AR S

Bl 2-1-7 5 KAt 4783805 F S BRIxE# 28 Bl > pkl f 2 KRB
Blzk 5 % % SCHISM g |-k = - ) 2-1-8 & ] 2-1-15 4 | Af 7 WL f i (=2
21 B P ekt 2019 # w K a0 Rk g SCHISM 3Rk (=21t % > B ¥
FoFREw e Rk =R 24 B85 SCHISM H274 FE Rk e Fat o v
$HA % B ML P sk 27 TR B P s B Rk A 8% SCHISM 25 37 i8]
kimensg it ABR ALY - 5 o ptrsRiE T SCHISM SERIK etk & o ¥ ¢ o ]
2-1-15 B Rl k = F AL p 17 25 pAzatdp o d G TR T & SCHISM
BER TR RDR R R G B iR R A
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Elevation (m)

Elevation (m)

Google Earth

W 2-1-7 L4

B F RELPE TP -8 B

2
1 | —— LSB-Observation
--------- 1.SB-SCHISM
H
: H ¥
e AL B S S S A e — T [ T T T v T [ T T T T T [T T
2019/4/1 2019/4/6 2019/4/11 2019/4/16 2019/4/21 2019/4/26 2019/5/1
Date
Bl 2-1-8 2019 & 4 % (% %)WL f 38 =29 )k 28 SCHISM 3R] K =2 vt
2
1 [=—— KL-Observation i
--------- KL-SCHISM [
I_ -
& -‘:"'"“:. ik ,\ A 1 Al:
A VY
-1 -
N e L B S S B S T
2019/411 2019/4/6 2019/4111 2019/4/16 2019/4/21 2019/4/26 2019/51
Date

Bl 2-1-9 2019 # 4 ' (F F)A Kk b3 Pk =& SCHISM FER]-k =2 vt %
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2
1 —— LSB-Observation
e LSB-SCHISM
‘l - -
E
é 0 — “ -
-1 p L
-2 — s e B e S B s e e e B e S B m s S s |
2019/8/1 2019/8/6 2019/8/11 2019/8/16 2019/8/21 201978126 2019/8/31
Date
B 2-1-10 2019 & 8 * (§ F )WL # 7 =k -k 222 SCHISM g ip|-K 2.+t
2

—— KL-Observation
KL-SCHISM

Elevation (m)

-2 ——

2019/811 2019/8/6 2019/8/11 2019/8116 2019/8/21 2019/8/26 2019/8/31
Date

B 2-1-11 2019 & 8 * (§ Z)A K iE R b7 Pk 2 SCHISM 3¢ B -k =2 b 4

—— LSB-Observation
LSB-SCHISM

Elevation (m)

-2

—Y 77—
20197101 2019/10/6 2019/10/11 2019/10/16 201910121 2019/10/26 2019/10/31
Date

B 2-1-12 2019 & 10 * (# Z)@sL P ==k Bl -k =27 SCHISM g |-k 22 b ¥
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2
—— KL-Observation
KL-SCHISM
] —~ —
; H { “1 | b= .},\/ T
) F 3
m ¥
-1 4 L
-2 T T T T — — —— — —T —
2019/10M1 2019/10/6 2019/10/11 2019710116 2019/10/21 2019/10/26 2019/10/31
Date

B 2-1-13 2019 & 10 * (A F) A58 P k7 -k =22 SCHISM 3 ip|-k iz 2_ b %4

2
—— LSB-Observation
LSB-SCHISM
] — —
4 g H d
E :
Z 01
> H i H
-2 — T T T T T T T T T 7T
2019/1/1 2019/1/6 2019/1/11 2019/1116 2019/1/21 2019/1/26 2019/1/31
Date

Bl 2-1-14 2019 & 1 % (% Z)WiL f @ = xbF Rk 222 SCHISM 3R] Kk 2 1t 4

— KL-Observation
KL-SCHISM

-2

2019171 2019/1/6

2019/1/11

I e e e e L e e e
2019/1/16 2019/1/21 201911726 2019/1/31
Date

Bl 2-1-15 2019 # 1 7 (% Z)H 488 b9 B-k =7 SCHISM 7 p] -k =21t %
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(2)id 5  FWATEENS
ARFEFEGES - BRSBTS & A 2 K NOAA B 3 ihja 350
75 #Hichcss GNOME (General NOAA Operatlonal Modeling Environment) » % =
E 5 TN AR SCHISM #5578 = b 75 234N (5B B 2-1-2) » i&
(R BSL LR 318 A0 I RaR S iR uR ARy = - S R S LR R 18 SR LR
(forward) £z w & (backward)i# i3 % #FEcenfiim » T T A 5o B g o
A.GNOME

GNOME #_ - 2 Eulerlan/Lagranglan eE b FL HiE ;Y (Beegle-Krause,
2001) - £ NOAA Z¥H# T3 T # | 9]’«‘ % &% 2 (Hazardous Materials Response
Division, HAZMAT) #7% B chh ;5 L PBAcBc Bt - B 534 F 25 4 pF >
# FINOAA J&* GNOME 73 shicitfp & 1e & s teid 15 A% 2} 6 %k
LS A S S 4y ¥/

GNOME #£5% £ * 34> #2840 ¢
€ _pvec (2-6)
ot
FPCEABAMER S D WHACE e (2-6)5 F AR T AT AT

oC 0°C 0°C
— =D~ +D,—
ot OX oy

(2-7)

77 DD aw i aXEY 2 e § P44 dc (scalar diffusion coefficients) -

GNOME 5% » & # * Random Walk Model # it i3 k3 & 45 fiuf™ »
At D ¢ % Random Walk Model 3% » D & GNOME #:5* % 7+ %
k¢ ek TR N P AT Tk Bic (horizontal eddy diffusivity) 0 B K R E 2
0.1m%™ > & E3/100 m’s™ - GNOME #5%» 3 4 jaid /5 ik o b affdc
A~ EAEUE b FEITY (windage) ~ Ak' A1 (Beaching) ~ 4 2 d 5 R
DIARSN € FAARBEY A RPIVE oW FERFHA IR IE RS e
(refloating) » F it i3 A 2 Frenh i i8% > ¥ 02 524 GNOME $i55¢ e
P p (Zelenke etal. 2012) » £ & ¢ 5 Fim il PP (NOAA, 1992 & 2002) -

GNOME #:54 3 % 58 # & ©

AT HER ~ F %o B E TR ERI B s L HAUE B RS
g

34



BELR g AEET R 113 &2 B4 #5422 A RREIRE RV S

b.¥ g~ ORI ARRIEOR R A GRFAL S RRA G L5 RA iU o

c.GOODS (GNOME Online Oceanographic Data Server) & — & & X3 E
S TR R R R HEGYIRRIGOR SRR 2 LR
kiR o

f 3 ETERID RS PR IR T R o T %*&Jﬂ?ﬂﬁﬁ
(GIS) & ’ifﬁag‘#ﬂﬁ:ﬁ SR S BEE 51 (%%]5 B H U A B

T A R R o

s A P ERERHIL R B RFAET LR g4
(Beegle-Krause, 2018) c #/&m + #2 F M F i+ > Fd 3 a RS W R H
FAoRFTAG T TERERD F FHSTRIDRFTA P FARF2
Eh F T A G R ReE R A R kT Bech TR SRR F RIOR T
8T R U PRI de ~ R B e b i a0 e GOODS Lt A E
ARk SL(Ae B 2-1-16 #7om )T & ik 23R A TR HEEY (global ocean current models)
FRNENE TR R R Hr(winds) E T L T o 3T E P A F e GRS
FUREFRFTH T AEF A EBNET A TEFERFERTNE DB F
%4 4o GOODS # W eis § R FFMFAL > U2 ¢ & F % F 5 F il s
CWA-OCM # & d Bw % 358 5 iR T 25 % it
CWA-WRF 3Rk HFAL - ¥ 5 %205 :b%%’{%i;‘ﬁi%]/\ Z_HEE o TP
GOODS & ™ L3k &d & f % F i § RpRIFTH DN F o

S
*"-'H\

GOODS #t + FAL & i stk 0T RS ATFERIZ b T AL (40 ) 2-1-17 47
;) # ¢ NCEP Global Forecast System (GFS) 7 #& & >3k 1/2 & (4R 2-1-18
AR )5 2 R B (AeB] 2-1-19 Hron ) enIEaplh Ho rE N R P & § % F 5 % B
(CWA-WRF)H-5t & e % 5 385 el 350 5 im 3R] % f SCHISM ik s i
o hoB) 2-1-20 22 B 2-1-21 A ] 5 ¢ £ & % % (CWA-WRF)FE |4 # e % i
B AR T2 ek B8RS (CWAOCM) » " R 2 R B R AR
FH S ARITERIRIE T o

% 2-1-2 5 GNOME #5822 8 2 3 R F AR » d 47 FRT 400 o 574
oRAEERERY F R NESE S LB ERF L RN e
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CECRN AN R S S R L SL R U I el R RL R Ry - R
t o B 2-1-22 5 GNOME #-5 % (v 4  » o Bl¥ g7 o0 Bt &
3 TR BERE R RS 30 B AR R 2 RS
ek o o 2B SR Th S ¢ ZEB S SR BERRT
FRERFRITR 2 RS EEX T v R

AR H 2N BACE F RS R E T e 4oB) 2-1-23 5 GNOME £

b2

oo
i

F T8

—

TR SR R

&

BRI i ) BRSSP BRM 5 A e b R R g
2OEE E kR AR R

I~
Gk G O O D S GNOME Online Oceanographic Data Server

OFFICE OF RESPONSE AND RESTORATION e NOAA'S NATIONAL OCEAN SERVICE

The GOODS website is being developed to help GNOME-users access ocean currents or winds from various models and data sources in a GNOME compatible format.

Global Ocean Current Models US West Coast Ocean Current Models
« Real-Time Ocean Forecast System (RTOFS) US East Coast Ocean Current Models
NOAA NWS/U.S. Navy 1/12 degree operational HYCOM

» Hd Cooringl Ocoan ladel (YCOM) [~ Gartierco Gurentoces ——————————————————————
HYCOM consortium multi-agency model
» TGLO/TAMU Texas-Louisiana Shelf Model
Texas General Land Office/Texas A&M University forecast model
» American Seas (AMSEAS) Navy Coastal Ocean Model
o Coastal HF radar Naval Oceanographic Office operational model
Real-time surface currents « South Atlantic Bight Gulf of Mexico (SABGOM)
« Geostrophic currents NC State nowcast/forecast system
Sea Surface Height derived currents « Northern Gulf of Mexico
NOAA CO-OPS Operational Forecast System
wnes R
NOAA CO-OPS Operational Forecast System
+ NCEP North American Mesoscale (NAM) model « West Florida Shelf
Regional mesoscale data assimilation and forecast model University of South Florida forecast model
system » Texas Water Development Board Models
* NCEP Global Forecast System (GFS) Forecast systems for major Texas bays

Global spectral data assimilation and forecast mode/!

system -
National Data Buoy Center Winds Other Regions

Wind data from the National Data Buoy Center

National Weather Service Point Forecast Winds

Point wind forecast from the NWS National Digital
Forecast Database

National Weather Service Gridded Winds

Wind forecast for continental US from the NWS National
Digital Forecast Database

Bl 2-1-16 GOODS & } /& F %k E FHE

e« NCEP North American Mesoscale (NAM) model
Regional mesoscale data assimilation and forecast model
system

o NCEP Global Forecast System (GES)

Global spectral data assimilation and forecast model
system

o National Data Buoy Center Winds
Wind data from the National Data Buoy Center

« National Weather Service Point Forecast Winds
Point wind forecast from the NWS National Digital
Forecast Database

« National Weather Service Gridded Winds
Wind forecast for continental US from the NWS National
Digital Forecast Database
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G O O D S GNOME Online Oceanographic Data Server

OFFICE OF RESPONSE AND RESTORATION ¢ NQAA'S NATIONAL OCEAN SERVWCE

Source: GFS

Description

The GFS is a global spectral data assimilation and forecast model system. Forecasts are produced every six hours at 00, 06, 12 and 18 UTC. For more information about this product visit the National Centers for Environmental
Prediction (NCEP) website

Choose from available regions

NCEP Global Forecast System 1 degree
* NCEP Global Forecast System 1/2 degree

] 2-1-18 NCEP Global Forecast System #% = > 3k 1/2 & 3¢ Pl b 3

G O O D S GNOME Online Oceanographic Data Server

OFFICE OF RESPONSE AND RESTORATION ¢ NOQAA'S NATIONAL OCEAN SERVACE

Source: GFS
Subregion: Global_0p5deq

Description:

The GFS is a global spectral data assimilation and forecast model system. Forecasts are produced every six hours at 0. 06, 12 and 18 UTC. For more information about this product visit the National Centers for Environmental
Prediction (NCEP) website

Choose from available files

® Last 2 weeks + forecast

B 2-1-19 NCEP Global Forecast System & % = % Hp 5 Bl b 3~
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File Edit Item Model Help

Llala) o sl 2] ]

=) e 31l

w Model Settings
Start time: October 04, 2024 15:00
Duration: 72 hours
Computational time step: 1.00 hr
B Include the Minimum Regret
solution (RED SPLOTS on screen)
0 Show Currents
B Prevent Land Jumping
0 Run Backwards
v Universal Movers
[ Currents: "0CM.20241003.nc”
[ Wind File: WRF.20241003.nc
v Maps

¥ Spills
> Splot Mass Balance Totals (Best estimate)
w L R G HE. S8 meti tve
0 Active
‘Windage: 1% to 4%, Persistence: Infinite
B Show Initial Positions
| Release Time/Position
[> Splot Mass Balance (Best Estimate)
w die2: Diesel : 33 metric tons
B Active
Windage: 1% to 4%, Persistence: Infinite
B Show Initial Positions
[> Release Time/Position
> Splot Mass Balance (Best Estimate)
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S
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B.SCHISM

SCHISM #£5¢ & %L Lagrangian Particle-Tracking method (4cB] 2-1-2 #1
7)o L ERBEHEEEZFE <5 (Oregon Health and Science University) Dr.
YunJung #72 B > ¥ i 5 F Pk TERNS 5 GUE A BB o

Lagrangian Particle-Tracking method ¢ * &% % = # # 4] (Random
Displacement Model, RDM) » #7 % # 54 %] (Random Walk Model) #g 2 » /4
- fA R S Hcd] (Visser, 1997; North et al., 2006 and 2011) > v 2.4 — i
i it E S s Hd & — r’v‘,‘;finjiiﬁﬁﬁﬂo PR T R R AR R RR e # )
PRI FAR T EA Y UREN T TRLSE R R L - RDM
PFEFRSE ONT AT AT

xm4=x"+( ;X}H+R 6K, - At (2-8)
X
n+1 n 6Ky
yrt=y" 4+ V+Wy+E At+R, /6K, - At (2-9)
zmﬂ:z“+( 5§Z}H+R 6K, - At (2-10)
JA

S ARV R E R o

UV, W)t S adE (X, Y, 2) P amameg Ra® 2548 2tk N &
R E N+l L7 - BEOERS L A EFRH L DFES R D393

% # % #ic (uniform random number) > A3t -1 21 2 & K Ky &K, &
X, Y,z > 5§ i ghdc % #e(turbulent diffusion coefficients) 5 Wy, &2 W, 2 XY
= % e fE 4 3@ & (wind dragging speeds) s W, =c, xW _vel™ (i=xory) ; ¢4 &
FE4 el W FR TS 0035 W_vel® i gE T 3 10 o R ok
Vb BRIk e 4 v gt 2 g vd TrE% o £9 (Cliftet

al., 1978; Zheng and Yapa, 2000) -

1
2
vr=[§g¢(1—ﬁgﬂ (2-11)
3 p
IRPOEEA R A R E S p, B P LS 5EG
ke R o

#512016 & THEALE A ) PERFIFE AT EF A ARG SR EE
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AEHFBEEY L SCHISM = M 5 42 i 2 0 gt & Taed
A ) [ #iB 2 (Chiuetal. 2018 & 8% 4 > 2018) » = b i5 4B n bt o
Nefp M IZ% T 44 Chiuetal. (2018) o B 2-1-24 5 % ' b5 3 5 S Ao e i
@ﬁ%ﬁ@ﬁﬁ@,ug@%ggﬁgaﬂ@w@35gg,*i1@ﬂ70
B RE R R RT R SR g AR RN e
Bobo AR LG5 16 2% 5 43tk 118132 B = & A% - SCHISM fi#
BRI T AL TR L R A AR E R ok i AR R
*%ﬁﬁﬁﬂ#ﬂ:ﬁﬁ'fm%fswﬁmﬁ%m$a wvgﬂwd,a
WA Ao of BRI R H - B EHEE (Radiation flux) ~ 7 § 0t B AR
(Specific humidity) ~ 7 2 & chg BEHFE > % K p3t9 & § % F 5 % #50
(CWA-WRF) #8535 5] 5 2 2 345 R ehF 4L o

Fiw kA F BT A 11 SCHISM #38 7 PP 'iTia 38 /5 L R 7
*ﬁﬁ’%%m%*ﬂﬂﬁﬁﬁ¢éﬂw*rﬁﬁi%J%%%iﬁﬁﬁ%w
Bt X-Band B G ERIEF LG B M2 RRFHA L RS8R HE
Fyodow Tk g As T E R kAL TOROS (Taiwan Ocean Radar Observing
System) *tR74 # I 2 X ¥ HB 4 F £ (High Frequency Radar, i fi HF
Radar) & /ixiplzb (&

(Radial Velocity) 75 %% F4L-TOROS th3 #7374 5 & pE3 2 R4 7 &
BlonS fAk kLo doR) 2-1-25 ¢ 5‘?5 B AT A LR T gL B4 3

B BRI G Est AT W E AT AR S U e 7 P I B Wl
W o R BRI R PR ;‘ﬁ?ﬁiii&&iﬁé 175 =2 - 2 (2015) %zt 5 45 7 i
FoTsh ~ BBk T grgia o 2018 & B E S BT AT O 4
HBHEET LR RITH AT E 80%: T B R T 100~150 2 T chge R 0 T
FEHE B MR T E R AT TR & F AR d 2 T e AR TR A R R R AT
e HrngE i o - SCHISM & WWM-TILA /s & & o cnia i 3 > 7 4% ik
SCHISM #£5¢ k @ Lagrangian Particle-Tracking = 2 3¢ Bl i3 4 e i
ﬁg‘r‘ o

= f’)%] 2 1 25 MT—T) MTE"_’ /? m,4 %\ ™ /f;_ /4 /n /n 17?"
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Bl 2-1-24 7 P b b 73 FHACHIR P B2 - B e b
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Km 91 -
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http://med.tori.narlabs.org.tw/TOROS/
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Water Elevation (m)

Linshanbi
Tide Station

Bl 2-1-26 2374 F T @ =% Bl 0 2I5H ¢ %7 hip bl G
=% @ amsl § e - (B¥ 57 0 Linshanbi Tide Station) §& 4¢3 & a4 |
(B ¥ &7 T.S. Taipei) #% F#H5 68 22 > §F % & ;%1% (Fugui Cape
Buoy) BBt £ 4 (BN KN 42 22 > X-band F R AL N
RACHBRFACE P89 10 22 > 52 (Caoli) #4F Epl=ki T
AN FHBBRACESREG 35 22 - AT ?i%)@iivﬁ?f?’ o =k Bl ek
A vz HF Radarn Blea A om AT AR & TR > B SCHISM
BoNIE Rl K % A0 o B 2-1-27 5 SCHISM g 8-k ii—%i’)%i'ﬁ Fplk ot
%a‘fﬁ”ﬁ@ LR L 2016 E 3 7 o BlY &= F mA A SCHISM sg Rk iz

FREIGLAF R R d R T R IR % % - % (Chiu
etal. 2018) -

B 2-1-26 F7A* 7 F P rHITA B AT E R
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1 | — Linshanbi_Observation
i - Linshanbi_SCHISM
1.0
0.0
-1.0
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Date
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¥oeb > B 2-1-28 7 HF Radar & 2 jp|zhpe 32 > 8 % 35 P& pli5 i ang B
% > B¥ g% HF Radar £ Rl R T RIAGRFHROEER 2 ERGFEH
FRAE B H ¢ C-P2 ¥ enh i TR BN AERR TR (T 4R % o ] 2-1-29 &
5] 5 HF Radar =% C-P2 i~ % >+ 2016 & 3 * % p|/3 i f& jnzk 272 SCHISM
TERA S e 2V RB  HRF A3 1p23lp o BYESF
MEBHTET Plas S ik od gBha 5 SCHISM Fgip)is i ik = 5
ST g (VR) g 2 e SN

Vg =usina +vsina (2-12)

# ¢ u i SCHISM 58 3g B e & & = w (east-west) A £ v 5 SCHISM ¢
Blefim A 2w (north-south) & & »a 2 3 FEETRIBIRFTHEAED > v o
B 2-1-29 ¢ Gk Hinim b ininid$ B f o0 A e A e h (LA
B w) ArEo et (AEIw) FAEd ILEHEET o & C-P2
Vo R BETEOR R S e R PR R AR AR R - R o

AR T o SCHISM FEpl vk =% & jngr F wipch % 4p 4 -

oo B R B 2 1 SCHISM enid 73 i #5 fuific e » b HRIB ~ % % 0%
ERI B BRI PEPFR b v o B 2-1-30 2 H) 2-1-31 5 TRALE A, P T2
o F G X-band F & @ RIFR 5 A BI(Chiuetal. 2018) 0 & % 44
{7 M P #-X-band § £ @RI T]7 75 4 FRAcs BT 5 SCHISM jd i35 A i e e
hedy o~ BEE  Oh SABUT G R o W E MR S 2016 & 3 7 26 p 09:00 -
WiEEmE L 50 &4 0 F/H* SCHISM ¥ i35 HAcHC e IE R 34 = 15 thpd 5 &
B (o® 2-1-32 7)) > Bl o d MIEL W5 ER O Fd S IFLET F
Pt s kRS A 2 RRERAFAMIREA ] R H RS 54
Fiamin oo B 2-1-32 WA R % T ari E 8 34 X 5 5 S S h Aok
ERFEBRS TN A A ARBESIT LA - PRRALED T 282
fi}'i&ﬁ‘iira;%i FLE b i TR 0 B 2-1-33 5 &% & FTALFIE 2016 £ 3
PR2PpI3PEHERBEEFIR FREAN3Y 26 P W2 fER T
20 km/h > 2 bt KA R 5L o AFEayER 0 b X320 km/hpF o b g
3 b 5 andgac (Fingas, 2014) » ik gt 2 % 4= 20 5 A8 (1~2 2 p) % o
Bl e B 2-1-34 S RFSLE B EY o (5 %40 2016) p g A
BRE) 2016 #52 10 p A7 P a AT RER A STl i pn
PR ESHT R B PEF R RT PP A AR FR TR
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7 w0 SCHISM “f fiob 13 B ers AL J W 3 %30 Ak % 20 F 4p g o

"RAEL N FHRAEF I AR A HFLIRERE LTS

7] T Marine Pollution Bulletin | (48] 2-1-35 #751) » ¥ ¢F » 2022 & 4= AL G fF /4

A5 g FosE p (Fernandes et al. 2022)#731 #* (dr@) 2-1-36 #751) » & 14 & 0F

# ﬁ»(«h«g} 2-1-37 #7w ) Pt R R T AR TRGEY 0 5 L BIEER
N DERRZHITE LREEF T
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B4 p Chiuetal. (2018)
B 2-1-30 X-band 7 it {7 R T4RALL AN ) B ERRER FR
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Forecasting of oil-spill trajectories by using SCHISM and X-band radar m |

Chi-Min Chiu®, Ching-Jer Huang™"", Li-Chung Wu", Yinglondg Joseph Zhang",
Laurence Zsu-Hsin Chuang®, Yangming Fan®, Hao-Cheng Yu

* Department of F ic and Ocean Engineering, 1 Cheng Kung University, No. 1, University Road, Tainan City 70101, Taiwan
® Coastal Ocean Monitoring Center, National Cheng Kung University, No. 1, University Road, Tainan City 70101, Taiwan

“ Virginia Institute of Marine Science, College of William & Mary, 1375 Greate Road, Gloucester Point, VA 23062, USA
< Dep of Marine i and ineer i Sun Yar-Sen University, 70 Lien-Hai Road, Kaohsiung 80424, Taiwan

ARTICLE INFO

Keywords:

Ol spill

SCHISM

X-band radar

Container ship T. §. Taipei
Oil-spill trajectories

ABSTRACT

In this study, we propose a two-step strategy for tracking oil-spill trajectories. First, an X-band radar is estab-
lished to monitor oil spills. Accordingly, we propose a radar image-processing technique for identifying the oil
slicks from the nautical radar images. Second, we apply the SCHISM to determine the water surface elevations
and currents at the event site and obtain the trajectories of the oil slicks using a Lagrangian particle-tracking
method incorporated in the SCHISM. An oil-spill event caused by the container ship T. S. Taipei is used as a case
study for testing the capability of the proposed oil-tracking strategy. The SCHISM simulation results for the
fouled coastline obtained using the wind data from a nearby data buoy agree quite well with those obtained from
field observatons. However, the predicred fouled coasdine based on the forecasted wind data is unsatisfactory.
The reasons for the unsatisfactory prediction are discussed and revealed.

s
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JRC TECHNICAL REPORT

Model(s) for the dispersion
of hazardous substances
in floodwaters for RAPID-N

Femandes, R.
Neco, A

B 2-1-36 R AEFAENHEMEIR Y Tt | FHRBIELEFTY %

10.2.16 SCHISM - Semi-implicit Cross-scale Hydroscience Integrated System Model /
Particle tracking module

SCHISM — Semi-implicit Cross-scale Hydroscience Integrated System Model (Zhang et al., 2016) is an
open-source community-supported modelling system based on unstructured grids, designed for
seamless simulation of three-dimensional baroclinic circulation across creek-lake-river-estuary-shelf-
ocean scales. SCHISM modelling system is a derivative work from the original SELFE model (v3.1dc).
SCHISM is developed by VIMS and other developers around the world.

SCHISM uses a semi-implicit finite-element/finite-volume method with the Eulerian-Lagrangian
algorithm to solve the Navier-Stokes equations with the hydrostatic and Boussinesq approximations.
The horizontal domain is discretized using unstructured grids. The vertical domain can be discretized
with sigma coordinates, a hybrid approach combining sigma and z-level coordinates or a LSC? grid
(Zhang et al., 2015).

SCHISM includes several modules, addressing a wide range of physical and biological processes.
Among such modules, the model includes a Lagrangian particle tracking module that can be used to
simulate oil spills. The model tracks multiple individual particles. The movement of each particle is
governed by advection and diffusion processes, and the random displacement model (RDM) is used to
couple the turbulent diffusion effect The advection term involves the effect of current
and wind velocities, and the rising velocity of the oil slick due to buoyancy. The module uses decoupled
hydrodynamic forcing derived SCHISM circulation model. Regarding the fate processes, the model only

considers evaporation. The shoreline retention may also be considered by assuming that a percentage
of the particles that reach the land boundary is retained

SCHISM has been successfully applied to oceanic, coastal, intertidal estuarine, river, and lake areas
with complex topography and geometry (Chiu et al., 2018). Further information about the oil spill particle
tracklng model of SCHISM can be found in [Chiu et al. (2018)] and Jung

i i df, accessed in May 2021).

=

Further detalls about SCHISM can be found in Zhang et al. (2016). '
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+ Introductions!

+ How you typically use
(or plan to use) CHEMMAP

G

Bl 2-2-8 % ® RPS = @ 23] CHEMMAP :&F1F %7 2" R 354%(08/21)

® wmanz

HOW IT WORKS

« Lagrangian particle model

o Total mass released is broken into lagrangian elements
(“spillets”), then tracked as they move with winds,
currents, and natural dispersion. Weathering is
calculated on each individual spillet. Results are
provided by summing of spillets (each particle has an
associated mass, size and age).

« Chemical characteristics and spill conditions classify
each individual particle as

o on the surface (slick)

o particulate in the water column

o dissolved in the water column

o adsorbed to sediment in the water column
o on bottom sediments

o stranded on shoreline
« Dispersion/Diffusion Coefficients

12
MODELS

uang (NSYSU

units of material. Varies geographical and over time.

fi % CHEMMAP #5832 35 25 54 53¢

®l 2-2-9

Physical/Chemical Processes

t t ot
eline o o = :
Sediment Surface
(hih!‘ ihlimil

Physical/Chemical Processes

Transport Dissolution Settling
Spreading Volatilization Sediment mixing and partitioning
Entrainment Adsorption Degradation (reaction or transformed
¥ " Buffering (pH) 3 15
D P to non-toxic substance)
INTRODUCTION

B 2-2-10 &

A
e
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Configure Your Scenario

Model Settings v Water Properties + Ol Weathering ra
Incident Name Model
Map * 7 Horizontal Diffusion e
Start Time 2023/10/23 16:00:00 =}
Type: Infinite Ocean
B [« t
Duration Day(s) Hour(s) urrents +
2 0

Wind -+

spill +
Time Step (minutes) 15

[ Include uncertainy in particle transport

Add 0il Removal Options

Specify Recovery Rates + Specify Observed Beached Qil <=

Simulation Timeline

Oct 23 12:00 Oct2316:00 Oct 23 20:00 Oct2400:00 Oct2404:00 Oct 24 08:00 Oct2412:00 Oct2416:00 Oct 24 20:00 Oct 25 00:00 Oct 2504:00 Oct 2508:00 Oct2512:00 Oct 2516:00 Oct 25 20:00

B 2-3-1 TWebGNOME | & 4L % i 3 iF 4 &

¥ eb s B 2-3-2 21 B 2-3-3 5 TWebGNOME | #§ % 55K 7% 300 75 4 454¢
W a2k 2.4 5 > TWebGNOME |+ it 4% 3% 75 4 40k s % - £ (113)
£ R E €01 TWebGNOME | 75 & 8 8% T 5 Rpms X0 5 494t
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WebGNOME is a publicly available oil spill trajectory and fate model that simulates oil movement and weathering

WebGN.ME

About

due to winds and currents. WebGNOME was developed by the NOAA Office of Response and Restoration (OR&R)
Emergency Response Division for use in oil spill response.

To use WebGNOME, you describe a spill scenario by entering information into the program and potentially

uploading files with ocean currents, wind forecasts, and shoreline information. For examining the fate of spilled

oil, a specific oil can be selected from a database containing hundreds of different crude oils and refined products.
Select from various start-up modes below depending on your spill scenario.

Get Started

Learn which startup mode is right
for you or find information about
specific features in the WebGNOME
User Manual.

Custom Location

Begin with an empty model and create

scenario by uploading files with shoreline data,
winds, and current models manually. Learn more in

the WebGNOME User Manual.

anual Setup

Location Files

Choose from 27 different Location
Files, which contain pre-packaged
information about tides, currents,
and shorelines for the region.

Useful Links

Learn more about NOAA's oil spill
modeling tools.

Find currents and wind data to use in
GNOME.

Run advanced simulations using a Python
scripting interface (PyGNOME).

Download the Desktop GNOME (legacy

version).

Use Operational Forecasts

Under development!!

Set up WebGNOME using
environmental inputs from NOAA's
Operational Forecast Systems (OFS)
or other supported models.

= Choose a Model

Weathering Only

a custom

WebGNOME supports scenarios that consider only
the weathering of the oil. Use this startup wizard to
quickly estimate an oil budget without entering
details on the incident location or currents.

® 0il Fate Wiza

Load

Load a previously saved WebGNOME
scenario.

[P p——

ADIOS Oil Database

The ADIOS Qil Database includes physical and
chemical properties for hundreds of oils. Oils can be
selected and downloaded from this database for
use in WebGNOME.

The WebGNOME application is a draft working product distributed solely for pre-dissemination peer review under applicable information quality guidelines. It should not be
used for any other purpose. It has not been formally released and does not represent. and should not be construed to represent, the official forecast of NOAA on spill behavior.
1t is under active development, and may be unavailable or unstable at any time.

B 2-3-2

" WebGNOME |

IR R SE RESRER ' § E g

A WebGNOME ~ #Mew-  ®views- Msue.  @neip-

Configure Your Scenario

Mode) Settings
IncidentName  iode
Start Time 0 L]
Duration Day(s) Hourts)
Time Step (minutes) 15 | 193 s

[ Include uncertainy in particle transport

Add Oil Removal Options

Specify Recovery Rates + Specify Observed Beached Ol

Simulation Timeline

+

Watee Properties - O Weathering
Map +/ Horizontal Diffusion
Type: Infinite Ocean

Currents
wing +

spil

#] 2-3-3
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Abstract: This study aims to establish a comprehensive workflow for developing emergency resp
plans for both actual and scenario oil spill incidents in the Taiwan waters while addressing the
resource allocation for oil spill as well. Thas kflow comprises two vital components.
The first comp: involves the integr of numerical tools and observational data, which
includes the incorporation of wind data from sources such as the National Centers for Environmental
Prediction (NCEFP) or meteorological stations. Additionally, it incorporates ocean current data
lated by the licit cross-scale hydroscience integrated system model (SCHISM) into the
b I NOAA operational modeli (GNOME) moded, which is a new approach for this
purpose. In order to assesst.heefﬁuq of this component, two distinct case studies were conducted.
The first case study fi 4 on an incident in a hern coastal area of Taiwan under open sea
conditions, uhﬂmhmdmshﬂyemmdmunﬂmlwﬂhmamwmmlhﬂbmm
central Taiwan. The second P of this workfl I g, 0il risk maps by integrating
the results from the first component with specific anh:al factors into Google Earth. These oil nsk
maps serve multiple purposes. They offer real-ti f to gency resp
regarding oil spill hazard prediction, and they also enable the effective development of emergency
P and disposal plans for p | oil spill incidents. This is achieved by generating
risk maps for various scenarios using the appmada outlined in the first component. Additionally,
these maps assist in the and 5 of for il i

B

¥

Keywaords: oil spill; SCHISM; GNOME; GIS; risk map; emergency response

1. Introduction

Taiwan, located along significant shipping routes in East Asia, faces a high risk of oil
spill incidents. Adverse weather conditions often contribute to ship collisions, groundings,
or accidental spills during oil transportation operations, resulting in oil spill incidents in
open sea areas. In order to address such incidents, Taiwan enacted the Marine Pollution
Control Act in 1990 and has continuously enhanced its emergency response mechanisms
for oil spills over the past two decades, keeping pace with technological advancements.

In the context of oil spill response, the timely dispatch and allocation of pollution
control materials are crucial. However, the circumstances and extent of oil spill incidents

Attzibution (CC BY) lieemse (http// yary and are subject to constant change. Allocating limited emergency materials effectively,

x‘""’“““‘"""“"’" in terms of location and quantity, requires the consideration of various factors such as local

|- Mar. Sci. Eng. 2023, 11, 2054, https:/ /doLorg /10.33%0 /pmse11112084 hetps: / fwww.mdplcom/ joumnal /jmse
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B 3-2-14 5 CHEMMAP #i# (benzene) ik % 24 /| P ¥ 245 $LB 22 $4¢
o FLE R Bert R B EAAERANAL S w B 3215 %
CHEMMAP #ii5 (benzene) fe A & 24 -] P B H P &2 Fh4cd B0 2 J5 inin
Fowfin o B onaiiieiasd 2w d B 3-2-14 & § 3-2-15 fic
RESET O FLINREALRTYEFAasd w82 i TREEL
Bhol prakat 3Reis g

Bl 3-2-16 % CHEMMAP #ic%t (benzene) 7k %k 48 /| BF 524 #uin &2 4%
FRMERELSFER R EIRE e ERAAL S e 5 B 3217 &
CHEMMAP ## (benzene) e & % 48 /| P& 5 B 45 #ub* & e 100 2 5 7 in
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o N: 22.49627°

MR E : 120.27791°

i s P Y 110 67 22p 02:00

v g5 % (benzene)

%R 100 #

B iE L 1 ] pF

b5 CWA-WRF

P CWA-OCM

iR 20 °C

w7 CESFREPRFDT SRR
BB pF £ 48 | pF

N: 22.49627
E: 120.27791

Google Earth
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3211 Bt iheng2ln- et FHATRE S EBFSFL 0
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B 3-2-18 = CHEMMAP fit A &k 48 /| PFic ¥ B 220 = /438 b 1* o

Moo B BT F v 76.902%c0#c g B Aok ¢ (Wtaer Column) » 5 13.338%
¥ & 7 % (Evaporated) > 7 9.760% ¥ & % & (Decayed) - ® 3-2-19 X
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w00 0 20 1 0 20 24 0% 20 36 0%
5 |18 Lot |ElLve0m ~
>

) o5 |

3 B¢ FEA mBEr kA 4 1.0 2 10.0 ppm 5 +
TR A I S BAURT AR SRR R S d LT HY T A
FPREIRE 10 2 2 3 o §ob o RyFRBINE P B 5 I G
052-01 2 3/ » ¥ § 320k IR IEP B LR FRRA - A S A
o PTIIR3-2-19 ¢ 2 VB B h B AR FG O AR

9.760% Decayed

13.338% Evaporated

Water Column 76.902%

* Zero Data, Surface, Ashore, Sediment, Cleaned

Bl 3-2-18 CHEMMAP ficg A &k 48 /] PFis 3 4B 220 = /a3 R (L iR

T

Tonnes

Mass Balance for Benzene

= = == = == = —
__ Suface  WaterColumn __ Ashore _Evaporated Decay Sediment Cleaned
[
f\\ ! %
f r M.
’ \\ | . - =
I “1000m 1
|
T 200
| 00m
| 1001
t 0
|
|
I —_—
B e e e TS (U P . iy 300m
5 1 1 2 2 3 4 4 5 0.00m| 45k
Time (hours) 0 wrin [Eoh

Bl 3-2-19 CHEMMAP ## A %k 48 /| PFis ¥ B 220 m A b L g ¥
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BBt hehamAEFTE 2R CHEMMAP #5188 S4p4civ% > 4
o a g kg ARI10 £ 67 22 p B3Rt aRiERSEER
* GNOME Hf i $4 » #1i% # » CHEMMAP 22 GNOME % 4 * 7 #hif B
/% (Lagrangian particle tracking method) 4y ift 5" 8Ri& & cragr s » 5k B2/5 70
SRt 4 E T EEA 4 6k w > 82 CHEMMAP 2 GNOME it ind 4 F o
e fRende 4 BRI T o FELEF D e LR € §IRAR DR 0 gt Sk
AR Pl R B TR

CHEMMAP E_RPS = @ B4 /3 51 B 85 L IFpHchaacdy » » 3 5 %
¥ 8 &* OILMAP &7/ /5 2 #3ci# it % » OILMAP » #_RPS 2> & B 3 ch
OB 0 - B RO R B T ERiE B2 2 (Lagrangian particle tracking method) 4 it
BB g i o 0 2Pl F i OILMAP i 7 A B 110 & 6 % 22 p &3 2

SHRPABIERDEEZN S AFBICHRTE BRSBTS €8
GNOME ikt % % 4p i1 © & % %517 OILMAP b /5 % S AcHi e > 7 65 »
b LA ik AR 110 £ 6 7 22 p AB e Hheh A SIBR Y T %2 W
(TS N

4. & r*ﬁufrhﬁ-@‘«] 2538 gy &% R(IMDG Code)- > iF 5 ja 38 it ?Fmﬁizﬁ?%ﬁ%
%/é ke
B %438 5 g 5 A1 (IMDG Code) & %4 F e send F % 24 | ¢
(MSC)piiaE g f 4> 5 F ¥ H SROR o - BE 7 7] - 2
71960 SOLAS | % = F M E WA [+ ERLEFTLR 5 F BT
1965 & 9 % 27 p o B%EAE ms o ABL(IV)ARiL & - 1T {4 IMDG
Codes % 3-2-4 7| 11 4+ %+ IMDG Code % 41-22 i3 37538 A 2. { 7 % > §] 3-2-22
Y &m IMDG Code % 41-22 i 37% ¥ if * ** 2023 # 1 2025 # - IMDG Code
L rIkARERe KA P ig R A &P IR LRGP F T
FETREER AT FRL L KE LG %\#OIMDGCode.EE 4 R
P ERGE R EAAMALS LT ERFEL P LEREF L  RARF (X
PETHEAL o AERGFEGC MY BITR 2022 & WS E LG SRR
IMDG Code % 41-22 iz 375 % = # (4o 3-2-23 I [§] 3-2-25) » 7 #% /5 ¥ i*
RAEME BT RS
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13 H %5 LT ABEHRERTE

# 3-2-4 IMDG Code % 41-22 337 4f & f§ A
'Q;Ti;"’ TF ;
$2% Ta s, |HRFEPEFIAB @ “%’fr;&g 7% [IAEA 2.5, ~ Tp 3%

% Inner Vessel | fo TR 4 pris B
rﬂﬁ-;@%ﬁ_ Service Equipment

k& Pressure Receptacle Shell ; f=

44

% 2 %KQFA\&‘PJ

% 4 e 2.5 _q.‘:‘ ’«?ﬁ’i‘gilj—féﬁ F)Tg-«’rﬂ%ﬁ"fr'—ﬁé ¥WigE 1 enxT
;}iffﬁr%ﬂ-

% 32547 DGL |

#73# T UN3550 COBALT DIHYDROXIDE POWDER, containing not
less than 10% respirable particles, class 6.1 |

¥ 3% THARAR
cay

FTHS R IR T > £ % UN 3538 ARTICLES CONTAINING
NON-FLAMMABLE, NON-TOXIC GAS, N.O.S.#7# SP396 - 4%t
UN1003 AIR, COMPRESSED #t # SP397 £ 4% #+ UN1012
BUTYLENE #73d SP398 o SP188 - SP255 » i 37 jiee F P R

e dpsl Y B4 LA FURH T 4133 pOATH G

% FoXEFo R RTBMERE Kby RpEs 2 X F] 400 o7
+

FEA 20 |l @@g e et FRETTREIAOL R HiEARDP T 2026 &

25 &

CACRAIE S - I LR A "‘J%r?a VIR E AR fRg e

g frRlz ) | C R (o SR {RAZIARFRPERTDT g‘«’f‘"“’*fé HAYREE o
$2 R0 EFARALDBTT o Sikb 2ATOE 610 F 0 Fd B
H oA (FRP) M Hl = 4 hv Bk anks g Rk afr
ks

2% "IRAE

» Bk IR R B “SGTS”

TE NNOLOGIES YEAR 1

NCB«GROUP&—I

HAZCHECK ONLINE

VALIDATE: Declared Dangerc

s G

R 3-2-22

PEE | % W

IMDG CODE AMENDMENT CYCLE

: Key ; 2019 :2020 2021 l 2 2023 2024: 2025

; .T;ansi[ibn year V;hen either. . . -— 39 -18. _‘—__’> Sk [ S| R B
" amendment is valid. ¢ : % 3 A ;

(] i \

v .—40_20____. ..........
| Year when single amendment : : i - - /

. only is valid 2

IMbG CODE E-LEARNING

!'.’ur\d{)wr\‘ training for shore side staff

EL N |
https://hazcheck.com/media-coverage/are-you-up-to-date-imdg-code-amendment-40-20-came
-into-force-from-1-june-2022/

IMDG Code % 41-22 i 375xif * #p 2

171



BEFLREAEETR 113 & 2 5055 4 ¥ A S HRE R

2022

PR

1 o R AE TR

VOLUME

M 3-2-23 2022 & B % 18 f '& &3 71 (IMDG Code) % 1

172



AELR gAEET R 113 & B %5 4% & RS HRE RV 4

- 4
2 p AR R R

Bl 3-2-24 2022 & "% /4 & & 'k &3 7] (IMDG Code) % 2 #

173



LR g T R 113 & B 575 4 F AR IRE #3 3

e |

V.

Bl 3-2-25 2022 # % %8 5 %% & & ] (IMDG Code)4d v 5%

174



AFLR EAEET R LB R ABEFAFEREIRE P F

LB mdre iEd 50 £ * é‘f@ﬁ“é}wmn{;“%é;”;ffi%i;éﬁﬂ
HE 2 E At dag { & 200 §F @ fdpda o 27— 1Y F R Aot v R

SR AR R R S S g ke L Bk R fe g Ry e
G4 R ERRE 2R R E S R ARSI B R T 2
ﬁie?l R o PICE R FRE R 2 R AT (FHCES 2B

F~fmtid ) 58 (IMOL1~IMO2-~1IMO3) - 4pfpsific (Pt &
5% #(1000-4999 DWT) ~ ;7% it 5 %.0b #(5000-9999 DWT) frigis it £ 5.4
# ( 10,000-50,000 DWT) ) » M2 2 b % (M F ~FH LTS % 27
Fo 2 A qe2b) & o 5 REIAER o 7 4e Spherical Insights & Consulting,
Research Nester, Cognitive Market Research % #= 3 4 2 45 11> 23k v § 5457 3
AR B 1 2033 & REIRH K AR E o B P x0T B AR R B
oM (https://www.globeneWSW|re.com/news-reIease/2024/07/11/2911546/0/en
/Global-Chemical-Tankers-Market-Size-To-Worth-USD-52-90-Billion-By-2033-C
AGR-0f-4-40.html ) - ¥ ¢t » ] 3-2-26 & &k f ek B87a B4y dads L 330 % 5L o
WP iod HEE4om 1138 117 11 p 22: 02 #i7 i d fm % 538 crb g 2 1
25 H9 47 TFPMC S EMERALD | %%fr?‘@fﬁ{;%“ﬁ}{#%ov}tb?i J
MERE CEHRY SR bR A XD 2y gRBLEE kh AL
ARPFELAF REREY > 2 BHFECERFLETEFL PRk o
FEWS O AECIFEPIBFEL LS FFAFMERSLE
B2 o CHEMMAP s it B SR &% 57 hE R - Tk 2 &5 R
7 @[5 e P s * CHEMMAP 34 {773 & i %é}#%%‘zaf R ITE R
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< ENEARAR I S
B R EESRIARAM
WAL - WA - R

416067000
FPMC S EMERALD
BHGZ

SiEERRY  AEMEIEESR
BBEIMOAZSNENEF RS

120.171982(120°10'19.14")
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" ER
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B 3-2-26 4 At dpdade T L ALEE T L B AT B
5. HPRFAFL 1 FRFL e AN

LA E R HEHNFL 120 2 (7 18 i i3 M%fﬂf %8R
HAR T E P EREPFAFL CFRFEATR T R2EBEE RS
AFFACHHETE® 5 (- ) & N & IR B

6. MERAATEBRIRS FREE AT TARERBERT L -
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SIRALHERT REBFTAPBIHIRL ENBEFT LI ISZ BRFAR
2 A it
APRAZFE P B L IEPN F o B 45 0T Wikfp 438 1 (F A WP LIE 1 T F o
1 B T2 RRRAENSLAPWITHER AL # > XPFE2HET A5 @?J IS
TGN S g B RN EER) TT AR R PG T
PREEVEBENGFRIAFLNNFETA  PELE BRI REFREN S
AFBITHBF T T RFANRES > TR ETHF R EN 5 LHITE
AN BITAPHER T ELE-EY o
A EHERBORSED S LI AR FRA S §FRFE
NOAA % & e "WebGNOME | ## & 2 H =8 ¥ 2 # * » TWebGNOME |, ¥_#&
W H S TGNOME | i2 e it ig > T B ax RALF RY b 5 L vk
AR SRR AT S A R R B R A L e
R EG P FESEBICEAE AN TR R 2 M5k
Lo % HT LEEH LR B R TG (4 3-3-1) 0 T ART Y
AAPERTI A L e GRS B ek AR TR R Y SR AR
HEBF G2 ko TWebGNOME | T 4k (4 6 § 9 ~ 3 i S8k
E AT L
(1) & % F 8 %% 5% 2 (Configure Your Scenario)
(2) /& -k 1+ (Water Properties)
(3) &= & ¥ B (Map)
4) ﬁi;?] >4 KRR (Wind)
(5) # 3 k it ;@& (Oil Weathering)
(6) -k T ¥+ =8 (Horizontal Diffusion)
(7) ﬁi%] 4 Kika e (Currents)
(8) i M w2 g Sodcsk 2 (Spill)

(9) H *c b E T (Add Oil Removal Options)
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Configure Your Scenario

Model Settings 1 v 2 \Water Properties + ; Oil Weathering v
o
Incident Name Model
3 Map + 7 6 Horizontal Diffusion <
Start Time 2024/3/412:00:00 |
Type: Infinite Ocean
Duration Day(s) Hour(s) 7 G +
2 o

Wind +

4 8 s +
Time Step (minutes) 15

O Include uncertainy in particle transport

Add Oil Removal Options 9

Specify Recovery Rates + Specify Observed Beached Cil =+

Simulation Timeline

Mar 04 08:00 Mar 04 12:00 Mar 04 16:00 Mar 04 20:00 Mar 0500:00 Mar 0504:00 Mar 0508:00 Mar 0512:00 Mar 05 16:00 Mar 05 20:00 Mar 06 00:00 Mar 06 04:00 Mar 06 08:00 Mar 06 12:00 Mar 06 16:00

B 3-3-1 TWebGNOME | #4% &8k 2.4 &

"WebGNOME | #t§ %#fc'd ¥ 3 74§ » 3 %> 4ol 3-3-1 ¢ i [3]kut
% B(Map) .3&%,*9[4])%@@? »de 4 KRk (Wind) > v 2 S EL[T] R ~ 654 KR
/& i (Currents) - " E Fﬂia?] »~ % gcet > 7w @ % National Oceanic and
Atmospheric Administration (NOAA) p 2= = 5 GNOME Online Oceanographic
Data Server (GOODS) 7L & P #74% i-vi% § % T30 fevg (4o 3-3-2)> T L7
FEHHFFFHEL L BT TWebGNOME | -

. : G OO DS GNOME Online Oceanographic Data Server

OFFICE OF RESPONSE AND RESTORATION e« NOQAA'S NATI@NAL OCEAN SERVACE

The GOOD:

sit2 is being developed o help GNOME-users acoess aosan cunents or winds from various models and data sources in a GNOME compatible format.

& number of sources and is prowided on an "as 5" basis. W do nof endorse or represent it bis infarmation s ftfor any parbcular purpase and can nol guaraniee avalabiily of data. Please contact data anginators fo ensure appropriste
avaiable by GOODS for idvidal sources

%] 3-3-2 National Oceanic and Atmospheric Administration-GOODS 7' #2 &
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o

fs W

B 3-3-1 @ %5L[8liet ME MM S 2 ok Sk (Spill) p 7 ¢ 2%

BOEL S PERY S 2 0 S TR (4o ) 3-3-3) o BiE I Feng T 02 ADIOS ¥ 5
FLE ¢ HOF B2 5o B 8 & APl B3R %4 (4o B) 3-3-4) - ADIOS
PR 3 1000 F A e fok s ddp b A S0 TR S F ik
T e S AR R -

““%
s

““%

Point or Line Release

Name: Spill #1
Time of Release: 2024/2/16 11:00 =
Release Duration: Day(s) 0 Hour(s) 1
Amount Released: 100 barrels v
Release Rate: 100 barrels/hr v
Number of Particles: 1000

Substance/Oil Position

Name: Latitude Longitude

ARABIAN HEAVY, EXXON 22.431017 120.342735

APL
27.382 Add Endpoint
Pour Point:

-49.0 °F | (-45.0 °C)
Emulsification Onset After: Reset

8 % evaporated b4 Windage

Delete Oil Load New Oil o

& ADIOS 0il Database

\ Persistence: Infinite b

Advanced Settings - gnome.spills.spill.Spill o)

B 3-3-3 s AR R SR T
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ADIOS 0Qil Database
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Frezh O Sample

L Tk P P sl
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39654 gl ST \ren =T Ho Tetn

] 3-3-4 ADIOS OIL DATABAS # &7 # 1L

"WebGNOME ; ¥ #-id /5 4 ik s % 8 11 2 Bim B cnds 2% 4
Bl 3-3-5 &7 7 17 55 A5 prin o T WebGNOME |~ it # #1 & ¢ i 75 Bk i
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New~  @Views~ Msave-  @Help -

Model Settings Export

Qil Name: ARABIAN HEAVY, EXXON ‘Water Temp: 28 °C

APL: 27.4 Total Amount of il Released: 100.0 bbl

Wind Speed: Variable Speed Spill Rate: 100.00 bbl/hour

Pour Point: 45 °C spill Duration: 1 hours

Wave Height: Computed from wind

Oil Budget-Table  Oil Budget-Graph ~ Weathering  1C5209

Display Units

Time Hour v Released barrels v Data format Percent v

Natural

Time Amount released  Evaporated dispersion sedimentation Beached off map Floating
(hours) (bbl) (%) (%) (%) (%) (%) %)
1 100 " 0.1 0 0 0 88.9
2 100 28.4 08 0 0 ] 70.9
3 100 30.9 13 0 0 o 67.7
4 100 326 17 0 0 0 65.6
5 100 338 18 0 0 0 644
5 100 346 19 0 0 ] 63.5
9 100 36.2 19 0 0 ] 61.8
12 100 37.2 19 0 0 0 60.9
15 100 37.8 19 0 0 0 60.3

Bl 3-3-6 ot 5 kg ~REEY U E EEFT < FY BRI

AERGFRIFC 23 TWebGNOME | ff % B iR % 2000 05 % it b
ik ERp £ F LR B8 R DI RGRE SR E
i TWebGNOME | ek (7 5% » 4k (£ £ p hp 5 5%
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2. i Rs 19RET PO b 5 A PRACCER 2 B AW 2 HRITR 20 5 A AR AT

%;Ur—;‘,; °

AL R 5E 0 TRis 19 FAT FTARR F R XN 5 AMRRCICR L TR RS 4
ﬁ%i@%ﬁﬁlﬁﬁﬁiiﬁJ’uﬁi%ﬁiﬁ%aﬁﬁﬁﬁ’j*i#
’;ﬁifﬁgbgaﬁ_iﬁﬁ?%f@% o AEANFEF S =+ TWebGNOME | f§ 5 &
MR B A BACHCRE L ALk (TP LR (Aot i D) 0 TR T VR
A2 0 Mg ATE L TTEE g 19 BRT RT3 RRATHCOER L & R 2 R
POATF 2005 AR T E o

S(13)E AP A MR E B FF 4 1A B8 EF 2 390 5 44
P ARRFRZBHRITE dod 3-1-14 #7175 2 2 en 113 # A8 < A 2 4
BECLTIPIOTY S 3D ZHRAE AR TR S TERRITR LIS
4ﬁﬁﬂBﬁﬂM*ﬁ&“ﬁ%?%ﬁ%%@%?ﬁﬁﬁ%ﬁﬁ%w’ﬁﬁﬁ
FEREFLGLTHE- -

30 A E 30 AR ERARBEN T AR ATV g L
BRGNS AMBBICEEEY i FHRRF L FVREE CEF PV TR
g&%’jw °

SA13)E R E 20 F 2 30 A f E BRSNS AMATEE LR
Fe (T2 0 FARPN B dp TWebGNOME | fi 5 B4 v 5 4 AT 4
BRG] o £ (113)# B R AP - B chi v v kAR T SRR E L E
FERE L R LM TREER P FEIAFEIPHEZ o R - FA K
TR 58 3 p Ao d N RA R - AT VREY IR CHE 0 FIFE
VFIEE U R E 30 A TR T EY o i F S M E AR
FAvh - XORTPRFY FLo § F0 0 B EFFAERETBBEL o7 F
o TR 2 (L13)E B Bz F=Xchk T VBT Y FL KT VPR L R
% 3-3-1-

Bl 3-3-8 257 3P afaBEyes— =t 113 & & PRIKSES LHIT
B s MR T IR Y ST kiR R GE R T R Y
feéi AR Y - Mk B RS AP Y S ERI&RE A
FEET FRAMFEL HrRREFRERED o

B 339577 19p Bz ®yey - = T113 & B K5 55 2 984%
Bk LT R Y FL ) P kiR B R R Y ROE Y 2 E R
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BB ERFET SEMEEL BEOAGF LT

B13-3-10 5 8 % 23 p o 9% = 3=t [113 & & fepe s 005 1 9%
FHR AR T VRFEY I P NN B R R Y AR E Y B BRIk
o AERFET BEMEES BE T AGELEET o AEREEC Bh
KTVRIAL S A Bl F TI Ao e AP H R RT SR d 30 4 = ehff b
PR A S A BACIHE SR TEDIR e ¥ b s R 332 D REZHART
FHRAERTHELL RHE R ¥ T AERFRGRRI DR T IR F M
BROLLEERS § LA RRFRE -

203-3-1 113 & B ff B B 5 55 A IRACHIRL 4 SR T 9 BORAE 4

p g Fog= Sy P i AN R Pk
09:00-09:20 4 7 LT
0.5 o SE 4P AL
09:20-09:30 = o
o B
EBESS LI i S T o
. - . b-fs
30 09:30-11:00 1.5 b g E21s
(E97) WebGNOME # . %% 4
& 11:00-12:00 1.0 | 75 A IBATHER L sk 0T EL R
77 19p w5
(A8 7) 12:00-13:00 1.0 e
& WebGNOME e & i ji o
87 23p 13:00-14:00 1.0 | 5L ¥mAchs k sudg T ZK "
(A9 71) HY (QRA) A
A= U e o
14001500 | 10 | " ”F”&‘.N;W{ T ompw
15:00-15:30 0.5 g R R
15:30 ~ R

£3-32 113 & B 5 BRGS0 5 A IBICRE S KT VI MGRAER L w4

NO EEER) *ERGFEET R
1. WD B BHE L
2 J%&&&%’ PR % FERAS | BHER -
g7 mgigﬁﬁ ERUN %‘*{’ ;\ig AR E LA ERRP L %
’aﬂf o3 ST HITIYYES
3 EENER R/ ATe: RS T . S B
Js iii.}. 7o
4 K3 T e e U ARE | RAE L o
4F o %ig FAREK T AP RS HI T N
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s s X B AT e
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4. i3 TR R ARA LN 5 A PRACHOR F S TSR o
AT 2B TR RS ED 5 AIBACEE LS 0 2 NOAA

¢ TWebGNOME | #e it ik ib i5 A JFFcHE s Bir 2 B 2 24k P 5 ¢ 7
MBS AE BRI SRR AR R R A

TRERRFELPBMEANE =5 o

2z,
g

B 3-3-7 113 # B AFR 5 AHITH % - F =05 VR Y 5L R
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B 3-3-8 ¥- kT EFEYETEERT (0503
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B 3310 %zZ3=&kv s EEE T EE S Ewd (08/23)
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BEL R g R EERT R 1B ERABFFEARERSERE RS

3-4 3T P

l

R RS ?M%%Mﬁ%fﬁﬁ#hipﬁﬂ
THRIABEDF 4‘5%}3’; e

ﬂ'll’

AIRTEI P BN G A G B T W EgE 3T (F AP &L 1E G o

1.

RSB ERRE SRR ﬁﬁ+ﬁgwwﬁﬁﬁﬁ4ik’k P
REBFAERICE I NERITEDT o E p LW 3 AP HE R
Lo TL RRAIIEL  FFTEIBMP AL ARY S c BHE ﬂﬁ &
i E Bﬁﬁﬁﬁ&#&ﬁ\ﬁm\&E\&éﬁmﬁkﬂﬁwfﬂ°(44
ERIS5p)c

AR TR X-band F e 5 Rk S FE Y PR TN 5 S
ZRITE > AEFRs 2 E X-band F i3 Rk (Ao B 3-4-1 &2 ] 3-4-2) -
M EEE AR R A AR TR 0 H P Rk surg X-band F
AERE S B S BRI R AR e s TR A
g2 2 4 1 7 £ (artificial intelligence, AI)},E?;“* 20 3 B IRR e o 4o ] 3-4-1
#r7m o Xeband § i 0 TR LG BB GE R K TR AP ER /R Lo
{4 e do i 2 G o d 0 A eni et 200 X AL 1Y L 1 S S R b
AEE o H e URRERERORER

Fif R AR AR A p ABFEE > £ MATLAB #25
FTEA o ApFOTR * 4o MIROS-OSD % 7 40l >+ A% S > 1 &
BEE N E R EA B FEE UL FERITE 2 X T R AT
A APRFRIBRFEN RS (EL PR FL LT R
S RIS SRR RPN R FT BRLA L PR AE

’/\ ’ %i{ /? ]Fq-_be o

FEREY Al N EF R IR AT e F Ry FEES > A A6
5 B33 6 > Mask R-CNN 5 4 # ¥ .4 #3 1> j2 2 — - Mask R-CNN

- AN ER B Y (deep learning) 82 i F ]~ 2] (instance segmentation) > j*
#ﬂ@“ﬁﬁ%i%iﬂ%%%vﬁﬁﬂﬁ SR T RPIEER BT R
% gE 2 WA ATR MY ST p B %72 4L 2e (He et al. 2016) - B 3-4-3 % & *
Mask R-CNN >t X-band 7 & P82 thFsasid i5 2. F » %a @ e 5 5 2016
ERAE M PHATATAD BT ARSI SRS 2 RN E o B
3434%&TM%kRmmuﬁiﬁ%ﬁmﬁﬁﬁﬁ¢@W$$  F
SEE T AcE RS ] s AR AR R A R LRC R LIEE | R TN
%’ﬂwﬁiis@WE¢1¢ﬁm%?%$’%i$w@%w@¢ﬂ%£ﬁ
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£ f o

B 3-4-1 X-band 7 i3 Bip] % 337 1F

e

Vil

Radar echo map sampled at dat_2024-05-10_11-4309
| 1 1
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Nowrnalizml vl iniensing
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B 3-4-2 4> X-band § iE 5P
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1B ERAESLFERBTHEIRTE

B 3-4-3 (a) 2016 # fE 454 A £ % X-band F iE ¥ p1F: o (D) * Mask R-CNN 3% 3
8- BTN »;J%;ax.:;a:

L(13)E B ZlBh k3T 1 2P 2 26 P HEERPT 2T 54
B2 Mg At s I B s PYFAZRFRET Y 30p T
TREMFFE o wid e S RBFEFTRY 14 R PR b AR A
TFRAAMBTR e ARNEEET Y 30 P FAE A PBERD IR
CHh TR k(B 34-4 rn) o d pHER ST A S P AFR
F 05 AAERCI A G MR o B 3-4-5 5 A X-band F #3077 30 p 18:00 % &

A TETEFN SR ITE .

X-band 37 % 30 p2FERIITEHE > s AW L5 % FER
2 F TR deB 3-4-7 5 CWA-WRF 538 113 # 7 % 30 p 20:00 A 3 B
iR A ah ke o i PRI RE ] d WY RS R A IR
FHRY b v 233 LRk o B 3-4-8 5 CWA-OCM #gsF 113 # 7 * 30
p 20:00 & B Y gunx A g A iiad v LB d PR AILRE <)o
d B P WERS R BT IR B AN R DR e X DI ) R TR e

I]"j‘_o

X-band §EZFRE e %5 FEHEF > #4582 X-band F E B2 Mask
R-CNN BRI G Wit 5 4 2 e faye > 52024 # 7 7 30 p §
B E LB R 184 EF G T LW YW FEL Y 30 BB ATV & 45
AP PENTET R RER HE S BRARE RIS B S SRR
ﬁ?l% 2 Mask R-CNN #3] 18233 » &4 7 % 30 p 2101 3" RE ¥V S5 &1 >
PR R T A FER D (Ao W) 3-4-9 ¢ RS iR A L) R AFERNB G F G B
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WACE A F it e ¥ b X-band § EF BRI A S L 8 L ART AWM 5 0 d Bl
3-4-9 g7 X-band ¥ | F|LUE A R > AT E A RIPPERN o A%
FEABET 31D S LY R IR S 5 (e
3-4-10) > d iR S A A GG L @A FAAT o AT EE RN SR FERL G
£ .

B 3-4-4 & A¥HpiEs e Bl %'Jﬁm td o = WA AR (07/30)

B 3-4-5 X-band F &> 7 7 30 p 18:00 & {74 ;5 & pl itk
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3 3
43> [z [#ya> [ A [ors)r e
M LD 245 RIOTERRE I e
59 L DEERE: 331 [k - “K\»N,,-
> ~ /< ' b
it g &EE(23.053980° ==120:3052540° ), #+
~ /A% B =, S

VIRDOR FEF— 3> | #EQ || EE

=

i

AC 23.031450°, 120.03BL67°)

Google Earth

Bl 3-4-6 X-band 7 F 2R =B @ idEie b fheniEE

- [Wind] 2024-07-30 20:00 m/s (kt)
VA —
(SN O O R P /\—9.15{13}
SRV
[ DRS4S
- NN
i&ﬁm : \( NN N S alh L 7.72(15)
P o o[\ NN\ T
| PEL NN\
" LT TSN T
B e YN L 6.17(12)
N
2.98°N ol S0 S S
[T L 463(9)
VAN T
VA VIS LN
NNV L4/ LN
L %’u YRR N 2.09(6)
(S AT S NN L L LA
RN SN S QYIS
P IS # Lee 4 1.54(3)
¢ (< -
r‘(%
: | Vi,
2ot 119.98° Sl 0.00(0)
% Spill

@ 3-4-7 CWA-WRF ¢3¢ 113 # 7 * 30 p 20:00 B 3~
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13 H %5 LT ABEHRERTE

[Current] 2024-07-30 20:00

m/s (kt)

24°N

TR R TTT T o
111t 7l 111 2000
1t o T
PTrY et AT
C PP AT gy T
Ao P EERNT T
Ao IR R o A A A A )
PP Pt T HAR0
SESESSSE Y
PRT P A AT
APPPT RPN
/'/"/"/“.; I; PrAT A
O8°N AL AL P . B
JAATT 2 He0
VA2 2 AT ]
VAAT AT T T N
A AR SIN
22211 T 2 AN
S N A
LS SN O i 051(1.0
AT IR o ARK (1.0)
R X r._ll X Ko7 ‘,. w :f_!r
a ._a N » - ¥ = y ¥ A Ny
119°F 119.98°F 0.00(0.0}
* Spill

B 3-4-8 CWA-OCM #gar 113 & 7 * 30 p 20:00 /3%

Radar echo map sampled at 2024-07-30 21:01:24
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Bl 3-4-10 & % dpdliEie b mag s d s - s AR (07/31)

2. b ERITESMPMIPTRELZFHFRET TR REFEFTAPHL LR
IC2XFR N ETRFRITE -

F(AI) & Rfe & imE A 7 2 10 p Byea T113 & ¢ b X R A R F
%MTM@%?”ﬁ Vo aNTRITE > AR FBFIEE L RS A o
X-band 3 i W iRl 5 FE KR FH T ERIFRITE (B 3-4-1) - FiE
AVerMedia ¥ s~ A @8 THHRE T LA 74 DVI g3 24
BEG BRGNP FSERE,EFSEUEHETET LR G (IR
3-4-11) Fit— 1+ BT He AT FAL o 4o 3-4-12 LEE T VR R 0 SR
14 e Mask R-CNN $53] 5t § »eftin + LB 2 (70 X8 (b aje (74 ) > 1
BigA LD d RAIFRITESG PEAF 5 ek fpifs
ﬁi#%wﬁ%ﬁ%Fn336M%ﬁ&ﬂ%ﬁ§%M$%%%?ﬁﬁ?Jﬁ
RITE T EERH S TEPFLT UL ETER G EPEL Y 85 %
Boipieaig . Bd 2 450 4z 1,000 Biize il 0 @ 4508 Apdanz B
KR BB B Ak IS B fAR 28 RSRTEILE 28 PR o H {5
b B ~ 3 Mask R-CNN #:3] (£20 50 » 2= #cs 15 =% » & e §
100 i step> # i4 4 =] r2 rpn_loss~mask_loss 2 class_loss = & 45 1 i loss function
VAR EY AR ) BY S EEF PR A4 e VR ErER s 4o F)

-
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3-4-12 ¥ B R R < A4y & e 12 >

y (m)

(113)@?;&%% W AEHE B m%\Z:'z;ii:iﬁg@,;iglg
7
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BELR §AERT Y 1B &ERAESEIFERRIHRE RS

AN
N

2d 5

il

3, ﬁai‘;fﬂ:}ilgiﬂﬁ FEYRF o B L MBAKGRE EABELE (
HE) HFHFTR -

(1) = 7F SR AR R

Wang et al.(2023)% K- BR%RPIEF P K ER ke R R F T
o RSN LRERB RO I RE R AR RAGEFI8 B TR
FaBENF R ERSW > TG FEDEG 0 BEER S 0~3.04mm
R EEB L Ao B 3-4-13 Ary o A ;ié;?f <k (A% 5 Testo 890-2 portable
thermal infrared imager) & {7 B 7 fFid & fv 32 2 % it fw - Bl 3-4-14
FREROES DR BT A SR R0AmMm it o8 A FRE N R L ¢

6 R BRI RER R L EMRO03 AR d MRHREESETNA LR
A5 bd APFIFBRRELSEE I ARE S a tR P HREALI
BEARESDET EE3  BRTERLRET S o LRBEETEP v X I
B g 42 AR ik R T et 4 o

ater thermemeter
3

B 3-4-13 BlFEZRBEER A KG ERL TR HRERERRE

12 16

15 .

1 =—0.0lmm —+— 0.04mm 14 3 =—0.50mm =+ 0.61lmm 1

10F = —+—0.07mm —— 0.10mm 13\ +—0.70mm —~— 0.80mm

9 h 0.20mm < 0.30mm 12 £\ +090mm < 1.00mm [/

8L o« »— 0.40mm v } (l) BN »— 1.50mm ——2.00mm [/ \¢

7 . b 9 W 2.5lmm =+ 3.00mm l\_\' \
23 6 ¥ : &8 3 ] ;{ A ; '
S X\t T\ \ & 7 W LW
il A\ o ~ } .\'

a | AR a6 a \/

E G : | W = 5 \ .
Ma 3 » fi . a 4 ,‘ v\

I\ ! 3 : \

i % R . 2

1 W - X 1 {

0 N V2 [oan 0 {’

1 i 1 By

29 PR " " o P — _g PR n pa— " N

.@@?g.@@%@@QQ_@.@.@@QQ @.@@é’@@q@@ SSSS
QT Ay N AN ST OIS \\'\‘727
time of day time of day
(A) (B)

B 3-4-14 ko i F 5K AP auf R ¥R (Wang et al., 2023)
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BEBELZD R SRR ELERA RO 6 LI R
R R RS D RR TR R o B R B2 A e
REAkEWF A RaE R > FBE (kK kg 0 FATHTEA R
1K A E i BRIV S o AT AR o ket 4% 4200 Jkg.K s s ok e
WER L AR B RS BAEARF o B4R 5 43 3068~4182 J/kg.K 2 FF -
Wt B FHRBIERPPERE FIL AR RETZEARAS M2
il L A ] S S

R FRILE ] R A SR s TR R T B
FRRB S BAE B L RRY T £ E 0 £ R iy
PRl 5 ARR B 0 T A g o B B b Sant o dod 3-4-1 4T

F PR T ETRVREC] T AY AR B RRESRER G R

% % - £ % ® Teledyne FLIR 2 77T & 5 TFLIR K65 | 'z b 5 #t
B R (4o 3-4-15 #7571 ) H R fdok 3-4-2 SR ARY R IRLITRE A
5 oo kb AE R ok (Thermal Infrared Camera) % Atij b 8 =% 2t 4 L % i en
AR FrRITE S L MBAER L S B3 100 B i e BB GRT B
BB ForE SRR el AR A @V SRR R DA T R .

P TFLIRKGBS | ot BB R IE T * 2055 b5 L T piTE
AERFBEEY 3P 20 PR LA ARBRIER ¥ 300 5 Rl 4 0 R
EE ke 3R is (4B 34-16) 0 A G P AR R X B P BRI o
"FLIRKGB5 & &AL feif e i3 30 R 120 100 22 %3 7§ 14
FEatffeo 3 € R 2 g d $4 o 4oB) 3-4-17 5 TFLIR K65 ‘= b4 @
otk Rl LR E R G DR BY 2 5 REGRDR G B R IR
EAFERAG AT FRA R v S REORY  BEE T IERT
PR (e e iR ) 0 BB RY 2805 TFLIRKE5 ) b= oh A8 ik
FHAIIRY > F A OBE PR (e ) R RELS AT RPEEA
R e BB R (TR % 0 2] TFLIRKES5, o bt
kA EFEG TR ERITE
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%341 @ St

AR E s R ¢RI AR
il A W e et
b £ (J/kg.K) 2200 2010 1670~2090
(F 4 kR - www.engineeringtoolbox.com)

# 3-4-2 FLIRKG5 $7 % * ‘= b SEAR R 2RI

R | 7T~14umGETi25R)

®ACR 0.03 °C at30°C

B ® AR -20~ 150 °C
AR 0~650 °C

!
=i

Iy
B

[

B 3-4-15 FLIR K65 ¢ * ‘= F s 44 B2 iR
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@] 3-4-17 FLIR K65 # i3 i iP5 %

FEEREE R RAPHKIENBITEDT  AENGEHEBEE T B E
FREZ chRBREGREE AP PRARIRAEGREE R AR
FIH e B ERIZ P o RA > BERRSADHERBRELE AR

PSP TR 5 BRI
()4 *

B 3-4-18 & /& F & -2 & 4 {7 §* % (unmanned aerial vehicle, UAV)- %]

SH
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AEL R gAERT 2 13 ERHFE 5L 2 ARREBT R E

HA w TP v FEPai?  EREZET AR g AFLE #70
Ao FHERGE Y UAV T d e 2 2 mer > 0 UAV 2 £ R 2 * %5
By imp® > ity s ik %(GNSS, Global Navigation Satellite
System) » s 2K TP BT IEFE WA AARIEP BT E R BT B ABPIR
FEees™ o REFFIL 5 2/21000 27 > MR ENFAERG (IS5
) " h'eted o B WO R Bk &2 %%féﬁﬁgéfﬁﬁa °
Fhord o 2RFAG UAVY Z Q3 RF AT R L ERE Ko EF
R v G o E“—“‘ﬁ&"é?ﬂiéiﬁgﬁvUAV#ﬁﬂ'l °

BrAERSAEREERR ARRPRLT O ARRFRABERI B A
B ¥y s Y Iy L 7 % 3 (intelligent vehicle center, IVC) B 4 2. i 5%
A OHA R E A (e R 3-4-19)  E R R F RE AR FrE
FE e E IR AL & 343 5 HA w2 UAV 1 8 L4 o

B 3-4-18 P £4 %7 i UAV
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B 3-4-19 5L H4 F % H a4

AEREBECHEFE Y2 UAV B3] § 0 R G ER RPN RF P
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Braiz), Hi 8R4k 2957 cVX2300# 4 ki i e e v e 2 2 ¥ %
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3421 T )R BEES L g AR A A EH B RRRG LT A 344
VX2300 #FRF g * a3 e fid s &9 E %rr ERERRT o LR A
AR el 0 120 22 B F PR LS R 20 BT 0 Fav B 8 G a3
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B2 AT E o ) UAV Vit G A RIEFAPFT P HREE X R &
ERFEEHEIE O v F Ao gt UAV T SaE = Rl Es > T0% 15 i fiE

d 4 3-4-5 2 % BE HA fr VX2300 2+t #F B 3 0 VX2300 E 2 7 A& 4
B T FAE A Frh i s mF A% 2 B E o ¢ VX2300 2 7 pE R
BRAELHA A o @ RELHARIFIH L IVC BT W Fl AR E

el OFRA PRIE -
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% 3-4-5 @ 4555 HA o VX2300 2 it i

~ 5L H4 V' X2300
& A i) RS AR &
HEPFF (R 30 A 4(5 )t 1.5~2 | p&
RAAfEE 10kg 7.1kg
B HFER & pEA4A0 2 7 & pF 126 2

4. FATH W E I 0 5 f 2 P o
Xmm*@ﬁﬂﬁﬁif%%ﬁﬁasi5égas#£ﬁ#%%wﬂa
AP EFFT AR ER Xband FEBRIGFLITE R SHEAEN T YL
E 7ﬁﬁ’*%ﬁﬁﬁﬁpﬁ%@imﬁﬁ@?EMﬁ%amﬁ%,%ﬁ@
T R BT A R S B B T & 4 817 4 2 (unmanned aerial
vehicle, UAV) 3 % # B £ 4 chflk1 £ » 7 Zat X-band 3 <& 1 pl2 % 2
Flo PR E T RIA A G B TP e ¥ AERF RS AT
B A HCRBNT § R AT g PR SE RS TR Bk T
AEREPAREFAEEEL EE P ERMRF L ORI e 0T T R
o

Eh R IR b G E TR A B KRR E RS &

ﬁ

(1) & Aok R ipdR = Hod 75 1P|

0T UAV 258 75 ORI » 1T # 77 7 iF 4 4o (Asadzadeh et al.
2022) :

@ it d NP pd S ARE M2 RREAREM ARPFSIET A
ko~ £ iz #b Sk (longwave infrared, LWIR)¥2 3 sk 2 (hyperspectral) -

® G F U PN SRR R P AR R 0 WORd b E R S TR
Mo OB B 35T 5435 ¥ & (laser fluorosensor) ~ 5k :£ (laser imaging
detection and ranging, Lidar)¥? & =3t 3 % £ (synthetic aperture radar,
SAR) -

ﬂﬁﬁﬁﬁﬂﬁﬁﬁfﬁﬁ%%a%iiﬁﬁi’%wmvmﬁﬁﬁ%f
U 4 PR RS M S :
RS S G BER SRR R TR R

\?\ Euhn
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i1 # % & Polaris Sensor Technologies = @ #74& 41 &9 T Pyxis LWIR |
g w B F gk B 5N 4 5 1Pl it (Asadzadeh et al. 2022) - 5 H A4 & PR
te o ok 3-4-6 =i o TPyxis LWIR | -] » 2 5 54 % * 2 mE s eng
5 160 % 0 ki S LN UAV A AT BT LR AL R 26
WS AT RIFR o -k %sul;é.%%(&r 2-4-4 & [ 2-4-11 #77m)% F 2B F i

* (4of] 3-4-22 21 | 3-4-23 77 ) 0 F EE A H AT b G2 SR 4 B 2 A H
;‘ﬁﬁ-‘ﬁﬁ%‘f IR AR RPE

% 3-4-6  Pyxis LWIR H 442

AP R P i
T_EARER 20mm f/0.85 FiTER 0°C to 70°C
[ER 648x512 pixels BRI 75Hz
AT 4 ] 36.4°%29.2° ) 5VDC or POE
) S 7.5um—13.5um A @ﬁ?] Ethernet
® <t 70x55x60 mm T35 156 g

Bl 3-4-21 % B Polaris Sensor Technologies = # B % 2. Pyxis LWIR & /5 i |8 i e
BEEIRARETEZBY 0
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W 3-4-22 Pyxis LWIR i 7 if I § 61—t % 6 B 4 ie4p New Orleans € % ~ 4 100 3
2 b # v o %] 2004 Hurricane lvan £ 4F @ 3 4 b 3 5200k &
NS ERR ¥ L

B 3-4-23  Pyxis LWIR 4 i3 1 j#] % |—Santa Barbara, CA *F i i ip] 2 P! % i i ;5

"Pyxis LWIR | ##sRZ 1 LWIR 5 A# > L > v B 7 F & B DhRE
A R R T R R e L ke
B0 5 Wl T RIS A G X B B G e s A T 20 Pyxis LWIR
Mac o gg (v p] o AR EEEE 112 & 119 O p I AR AR - Buls s
R R R SR e F T SR RIS B TRBIKG LG L
Fib A oWl 3-4-24 5T > R pEd RS o BARF AFIHT LS R o B
3-4-25 & BRI WRIFNA) > AR XSGR o L& LRKA AL - Fl 3-4-26
» Pyxis i iRI4 7 ¢ it 4148 (PyXis video science, PVS)¥ chig % » £ ¥ iz 4
B R ARG B RIBESE > R TPyxis LWIR | & B & & R
T i o MR Y- A ER FAT AR BET Lo
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BIRE PR G P ERZR I e 5 (] 3-4-27) 0 B 3-4-28 i B R F e PFIE TR
RO o F P RS S A Pyxis 304 > WORITIW S F kG (ApEE F R
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ABRFPRATFZABAVEFERIFIZ 2L - B 5 RS TR SR

3

113232 27T P2 47 3PpHF R »EL L Bas g mE L b
SHEAT RS KRR ABERE S FF L] N4 20 AELET A
FRE R A e F ot B Ay R o ST B R PFIRE T Pyxis LWIR | ¥ TFLIR
KB5 | 24 {7 i iplib 5 (T £ (B 3-4-29)  HFH AT AFMe 5 > RE> & R

MEE D

FEEE S p b n EFE R 30F Pyxis R 7 5% 4R

RTRFE S EPEE TR TERFTERESRFLLF R AP

L3 K2 B PR E 0 A F BB E OilWatch-UAS i

Moz B 0 TPyxis LWIR | & s » F5 £ & A £ (7 % St(unmanned aircraft

system, UAS) ~ = & #7241 % st(ground control system, GCS)#: OilWatch & 4t »
OilWatch-UAS ¢ 2% H-4c ] 3-4-30 “7 77 -

EARE 5 g UAV S TPyxis LWIR, ~ & inr iy & i ] i 4y =
2 JEE W UAV n @ Hgegner BG4 F b7 AL 22 10 22 0 7 4etd
PR ® 4] o 54T X-band F iz A R_o TPyxis LWIR | 5 Rl 4 £ 3
REEABF > b ok g g IPE5 % a(5) 2 UAV s i L &7 4
BBSTE XA FEE B G gk FR R R p B T i
Y UAV R R ~ B8 2 RIE -
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[

"Pyxis LWIR , jE 4 fie PVS $tRiE (7 T prjd 5y i i Bt i
i} F EZREAFDFLFRG R g E A AR F 3 40 Python &
MATLAB # & > "UFIH et o #8038 > AR FRBFERTBT A
AR F R A ARNE T A A B Oilwatch & % > B & UAS #cdpidjc
Pyxis 3UELEFE~ AL ~ b FFEREE B A AP TS B 5 R ERFTE TR
EEA0 BEFAFREEr AR A B o R > YR
BE > OilWatch 5 327 @i 22 2 2N A8 ech UAV B 7 BE S » 8 AT Bl iz
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T TR R seR N AR 2 A T B (R R R
) R A B AR e RS FARER P i BEEE W
ERPRE A RRAAEA L 2 ART] R R EREERSALF AT
”’%@ﬁli%ﬁﬁ%ﬁﬁ%’ﬁ%*%%@%LﬁA&\pﬂ?ﬂo

Ji

=k
TL

‘*\

\mw

UAV e * & 5 3 b b PR end 3538 2 — o {iv‘gkc’ 2 5 * UAS
okt ER B endp B =0 5 (40 Ore et al. 2015; Koparan and Bulent Koc 2016; Song et
al. 2017; Terada et al. 2018; Koparan et al. 2018; Benson et al. 2019; Castendyk et

al. 2020; Ryu 2022; Horricks et al. 2022; 3 & % 2022) > A @ gk G * &5
Horricks et al. (2022)% g iT Al » @ H T oK E ~@ip ~ # 3~ 7 " S
KR A Rt UAV s REHEE2Z R S ivp gL o ptob o bt
FE A Y BEEAR dofe 5 8 (Van Dorn) 2 4 % f (Kemmerer)# -k & -
EERAMA UAV T3 i\ TOPEE R FEAC KRR R - R 2 o F
PPAGAR R ORRE EEAE o KRR KBS 2 ¥ & UAV e
BT o R ASG P HEERFDERY T X R AR LR
$#UAV A LA dgpehcna 24 480 @ UAV R FEB DT RETEL -
RO EHER > B B RSURRGR SRR T AR o gt b
P R Y R UAV s > e < chRIE8 R 0 S RE R R(
RE) b hin BT o VA S e A1 B REE BT R 7R
oAl IRE RS VAV FRBEOBs o L AR kR ITE
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