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Abstract

Satellite studies of the distribution of sea surface
temperature, chlorophyll concentration and turbidity in
the Western sea off Cheju Island

Advanced Very High Resolution Radiometer (AVHRR) infrared data and
visible Sea-viewing Wide Field-of-view Sensor (SeaWiFS) data from
1998-2000 were used to analyze the distribution of Sea Surface
Temperature (SST), chlorophyll concentration, and turbidity in areas off
Cheju Islands where coastal upwelling and tidal mixing are reported to
occur (Pang and Kim, 1993; Kang et al, 1996; Kim and Lee, 1982).

SST is calculated with NOAA’'s Multi Channel Sea Surface Temperature
(MCSST) algorithm. Chlorophyll concentration is computed using the
NASA operational algorithm. Turbidity data 1s assessed with an
algorithm introduced by Ahn et al in 2001. Besides the satellite imagery,
wind data collected 80m above the ground at a meteorological station
located in the Gosan area of Cheju Island is analyzed.

The results of this investigation indicate that from December to April,
the SST temperatures are homogeneous in the western coastal sea area of
Cheju Island and in offshore waters. From May-November colder
temperatures are observed in coastal areas than in offshore areas.

Turbidity and chlorophyll concentration are higher in the offshore areas

in comparison to the coastal areas off Cheju Island from January to

_iv_



March. The pattern reverses from April to December and the colder
waters are observed in the coastal areas. The colder temperature and
increased turbidity observed during this time maybe the result of coastal
upwelling induced by stronger northerly winds and/or local tidal mixing.
Continental shelf coastal water from the Chinese coast, displaced to the
Korean coast by wind and circulation patterns, may also play an important

role in the turbidity patterns observed during this time.
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1. SeaWiFS data

) 91749 A=HE L Ao FaAd
OrbView-2 9149 A% = B Ys 7l (sun synchronous) 5, 91749
Amrdo] gFel diste] AAY 2 WHol FAHLEE 9o AFFE
= A% FeioltH(Fig. 1).

/ o

BF n'.'lrb
-~ -_.-'

e~

Fig. 1. Orientation of the orbital plane of a sun-synchronous
satellite with respect to the sun and the stars; view is from above

the earth's north pole P y(Maul, 1985).

Eqomt 94 AEE Evsts AN AZo] Tue A%
NEow g 2a, AR 718717 o AR Agolt F& ¥

ste] A4 AAE A= = e FAo] "Hrh Ao AxE wE @
o A Bl E EyleldA A=Wy vhtE HS ascending nodedt s, 1

Hktf el A& descending nodegtil 3t} OrbView-2 ¥4 2] ascending node

(L
-

= AA + 205, descending nodet= AL + 20%-o|t}. X FHAA A7}



Ao FAALNE 1%, 949 ARAY} AT Ame] o]Fe & AL Y

=71, $18ol AFE T =edH des ARbe F71E 8k, OrbView-2

el %, V&7, 7= 22 705 km, 98.217°, 98.9%- o]t} (Table 1).
SeaWiFS+=  OrbView-2 14  w&Ad 9 sy 23 AA

(spectroradiometer) & A7 slFEH2] 90 % AEE wWd F WA #=3
AeH(Fig. 2, 3), 7M1 299 54 3FdE AEsto] 2 5E WHALE
o] Y2+ radiances 43t #7171 E Ywgtt. SeaWiFSe] bandt 6
702l visible band®} 270 €] NIR(near infrared) bandE 7}A 3l 021, visible
band?!l 7% band width7} 20 nm, Z} band®] +4A 3782 412, 443, 490, 510,
555, 670 nm©] 32, NIR band+ 40 nme] band widthE ztil o™, Z+ band9
A a8 765, 865 nmo|th.  SeaWiFSell A 34~ %W 2] chlorophyll 5 %5
71 f1siAd = 2, 3, 4, 59 band, s+ Ff= =& wAst7] A=
59 band(Ahn et al, 2001), H7] BAE 9|4 = 6, 7, 8H bands T2 ©]
&3t} (Table 1).

ofN

i

=
24

O

SeaWiFS®e] o]2] bandE+ &3] #5% ocean color datasS A|7dol] Ax
94 FAa =, NASA GSFCoF AlAl ZhA] el AA¢ HRPT 414
A ARE F213% gL, SeaDAS 2 Terascan SoftwareES Ab-g3ste] 4413k

A}, GSFC(Goddard Space Flight Center)== NASAZ®°| ¢
AAg 4 2 AHYES g9seteE 32oltlh. HRPT(High Resolution Picture
A TG E AAFALE ouist. sl gAY

AV

Transmission)= A
Al St Fua o] thdt SeaWiFSe AA7F ARE Faletn EA
& ¢ thg, NASA° GSFC& AHgg AnE HUlFe= A AAd #e
HRPT Station & &tthe] Falxoltt, ZF A 9d AX ¥ HRPT F44E 7t
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Fig. 2. The OrbView-2(formerly "SeaStar”) satellite with its solar panels
deployed.

SRS HE TR T

Fig. 3. Schematic of the SeaWiFS scanner
assembly which scans from west of east.



Normal orbit parameters for the OrbView-2 satellite

Orbit Type Sun Synchronous
Equator Crossing Noon £ 20 minutes, descending node
Altitude 705 km
Inclination 98.217°
Period 98.9 minutes
Normal operating parameters for SeaWiFS
Scan Width 58.3°(LAC), 45.0°(GAC)

Scan Coverage

2,800 km(LAC), 1,500 km(GAC)

Pixels per Scan Line

1,285(LAC), 248(GAC)

Spatial Resolution

1.1 km(LAC), 4.5 kn(GAC)

Scan Rate

6 scan lines/sec

Scan Direction

West to East

Tilt Capability -20°, 0°, +20°

Revisit Time 1 day
Real-Time Data Rate 665 kbps
Digitization (per pixel) 10 bits

Normal radiometric

parameters for SeaWiFS

Band Wavelength range | Center wavelength ETTI | 0
(nm) (nm)
402 ~ 422 412 (violet) Gelbstoffe
2 433 T 453 443 (blue) Chlorophyll absorption
- B Pigment absorption(Case -1I),
3 480 500 490 (blue-green) K(490)
4 500 ~ 520 510 (blue-green) Chlorophyll absorption
5 545 ~ 565 555 (green) Pigments, Op.tlcal properties,
Sediments
~ Atmospheric correction
6 660 680 670 (red) (CZCS heritage)
7 745 ~ 785 765 (near IR) Atmospheric co.rrectlon,
Aerosol radiance
8 845 ~ 885 865 (near IR) Atmospheric co.rrectlon,
Aerosol radiance

Table 1. Nominal orbit parameters for th
radiometric parameters for SeaWiFS.
stands for Global Area Coverage.
40 nm bandwidth. Gelbstoffe(German for

the blue region of the spectrum.

defined by optical characteristics. Case-1

is generally coastal, higher productivity, turbid water.

coefficient at 490 nm, a measure of optical

Case-

e OrbView-2 satellite & Nominal operating and
LAC stands for Local Area Coverage and GAC
Bands 1-6 have 20 nm bandwidth and bands 7 & 8 have
"vellow substance") describes amorphous, high
molecular weight organic matter with a somewhat polymeric nature.

I

water is clear, open-ocean water, and Case-1I
K(490) is the diffuse attenuation

clarity.

It absorbs strongly in
and Case-1I refer to different water types



ZF 3119 code names 7FA AL §JojA] NASAGIA &= 1 code names 7}
i ARE T, AFEAE ke A gl gk ARE ol &st=t STl
A== SeaWiFS $)Alo] E(http://seawifs.gsfcnasa.gov)E ZE3A A5 E A
i gk el AX ¥ HRPT FAl4hw A7= ehatel f1xg 3kt
FATFLoZHN, 1 code names 'HKOR'©lt}. o714, 'H'&= HRPT &
25 9nstE Zolal, ‘KOR'& d=ralddT+9S 7He 7l
SeaWiFS #Ala& sld: 2 #H=W9lo weks LACocal Area
Coverage)?} GAC(Global Area Coverage) S+ 7FA| &Ej7} 9t} LAC A=

b A= 11 m2A, 54 AQ(dE 5o, qNte FH §9)9 1

gl

AFE Azmola, GACE ¢F 4 kme &3 =S zta glon F2 &
Aol = A AA NG wAla A,

72 & o o] &
AATAL Aofeoll oA T34, Level-0(L0),
Level-1A(LL1A), Level-2(1L2), Level-3(1.3) A& = y¥yold F gtk
Level-0 A&+ Data Capture Facility(DCF)ell A4 7letgk 10-bit Frame
Formatter(FF) file e A5 d 2024 SeaWiFS7} F41s A5 xH 9
< digital #FES AT gdolr. AT LA A% WO AE AR
7} o7)el dlWE Tt Level-1A AEE Level 025 Falseol =7
radiance= W3tE 7 o]lal Level-00l4] H%¥ HDF file formate]t}. 9]
Az o= Level-00] 2&8HYW RE A8 AR 34 YA AR, radiance 1L
4 9% calibration?} AFRA AF 5 FrER xSt Q)
HDF (Hierarchical Data Format)¥ W= <g]=o]=the] NCSA(National
Center for Supercomputing Applications)ol 4] o8 T/ AELES 93
Z dEA Qe data formatFE 2 A@e=d &

B ARSI AR A ]8T F UAxRF 7] A AR
multi-object file formatS. =4, theFst FE] 9] scientific datas (A& &1, 9

AR, AAAE, S sdder e dd= AT Level-2



25 sensor calibration, t7] B4, @ thgg bio-optical algorithmE-<

Level-1A 7o #-&sto] 4L A8 A5 AN, JA| w7 =
HDF file 82& #H3stal vk o] A=:ol= chlorophyll ¥%, Ffr& %
5o L A5 2 band¥® FIH A=E, dE £, normalized
water leaving radiance( L ,y), water leaving radiance( L ,) %°] F3tx o]
Atk Level-3 AH5E A, F 9, d G492 grid celES SAH SR HolA
9 km x 9 km grid square(binned product) T+ 0.09°x 0.09°square(standard
mapped image product)® ©]Fo]7F global gridded data©]t}.  binned
producti= HDF file¢]3, standard mapped image(SMI) producti= 38}
global image©]t}.
At o 2 SeaWiFS file name b5 22 FA S Ze=t
Syyyydddhhmmss.<suffix>

S+ SeaWiFSE YWEHH L, yyyys (2Bl YA 540l AR d=E HERY

Y dddE 72 d%xd mhdk 94 = Julian calendar©] i, hhmmss: A, &,
z=2Z4 A WA scan linee] Al#dt AZHS YERdTE suffixdl& 1 A59]
F3dS UelEs dojEo] E9tHTable 2). <& B9, $gugtolrs
g dA Aol SeaWiFS F4l& s7PEgty] o] iifeo #=d
“HKOR”¢] HF-ofuojgirt. 2™ gh=mafjdFad-dolA 2000 5€ 29

219k Level-1A Ab5el Wigh Hd™ -2 v &
$2000123041435.L1A_HKOR



(3) Aol AHgE AR P
2 Aol AFE¥ SeaWiFS #b:+ 199849 194 2000 1297hA] &=
SFATANN FUF ARE FNA AT AFE AR A 2

s gol FEol QI ofF we JANHe We ARES Adsgs

il

b, o] 72 Aol 5 B o2 oA 7] ezt Y A, o
o] o] ola)A BEa|A radiance 5L AT QT 5 7] GE
o slgFBF s gesA BAS F QA Bk webd gog

g Level-0 #ARE g A2 I AY HNAES F9o

4, 9¢, 109, 1999 7€, 84, 10¥, 121l 2000 1€ ¢

of 2ol RFaA akgs] W A s,

r «

}—l
o
w
o,
(@)}
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Data type Suffix Description
L1IA_GAC Level 1A GAC data
LIA_LAC Level 1A LAC data
L1IA_SOL Solar calibration data
L1A_LUN Lunar calibration data
Level 1A data LI1IA_TDI Time delay and integration(TDI) check
(L1A) L1A_IGC Intergain calibration chak
L1A_BRS Level 1A browse data
HRPT data, where xxx is a three-letter code
LIA S | o’ Tor Kores Ocean Researeh and
Development Institute(KORDI).
L2_GAC Level 2 GAC data
L2_BRS Level 2 browse data
Level 2 data HRPT data, where xxx is a three-letter code
(L2) for a particular HRPT sation.
L2_Hxxx

HKOR is for Korea Ocean Research and
Development Institute(KORDI).

Level 3 data,
binned product
(L3b)

L3b_DAY.main

Binned product main file for day

Binned product subordinate file for day,

L3b_DAY .xff [where ff is one of 12 geophysical parameters.
x00 is nLw_412.
L3b_8D.main Binned product main file for 8-day
Binned product subordinate file for 8-day,
L3b_8D.xff where ff is one of 12 geophysical parameters.
x00 is nLw_412.
L3b_MO.main Binned product main file for month
Binned product subordinate file for month,
L3b_MO.xff |where ff is one of 12 geophysical parameters.
x00 is nLw_412.
L3b_YR.main Binned product main file for year
Binned product subordinate file for year,
L3b_YR.xff where ff is one of 12 geophysical parameters.

x00 is nLw_412.

Table 2. The suffix describes the actual data type.
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Data type

Suffix

Description

L3m_DAY_CHLO

Daily chlorophyll-a

L3m_DAY_CPIG

Daily CZCS-like pigment

L3m_DAY_L555

Daily normalized water leaving radiance at
555 nm

L3m_DAY_T865

Daily Aerosol optical thickness(tau) at 865
nm

L3m_DAY_K490

Daily K(490)

L3m_8D_CHLO 8-day chlorophyll-a
L3m_8D_CPIG 8-day CZCS-like pigment
13m_8D_L555 8-day normalized water leaving radiance
at 555 nm
L3m._8D._ TS5 8-day Aerosol optical thickness(tau) at 865
Level 3 data, nm
standard L3m_8D_K490 8-day K(490)
mapped image
product L3m_MO_CHLO Monthly chlorophyll-a
(L3m) L3m_MO_CPIG Monthly CZCS-like pigment
13meMOLL555 Monthly normalized water leaving radiance
at 555 nm
L3m. MO._TS65 Monthly Aerosol optical thickness(tau) at
865 nm
L3m_MO_K490 Monthly K(490)
L3m_YR_CHLO Annual chlorophyll-a
L3m_YR_CPIG Annual CZCS-like pigment
L3m.YR_L555 Annual normalized water leaving radiance
at b55 nm
L3m_ YR_T865 Annual Aerosol optical thickness(tau) at
865 nm
L3m_YR_K490 Annual K(490)
L3_BRS_DAY Daily browse product
Level Sdbrowse L3_BRS_8D 8-day browse product
product
(L3 _BRS) L3_BRS_MO Monthly browse product
L3_BRS_YR

Annual browse product

Table 2. (continue).
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2. AVHRR data

=

(1) 1789 A=HE % A9 FaAY

NOAA A= AL FAZe 74z
o2 AFE sy B vk #SF H
5000kn A = ol vk, 9] F71E NOAA-127F 101.35%, NOAA-147F 102.12% 0]

850kn “& ol A EEE Rk

oF
o}
A= A4 °F 3,000km, H&

i, A% 71715 NOAA-127F 98.7°, NOAA-147} 98.86°°] tH(Table 3).

NOAA-12 NOAA-14
4ol 3.71m Z o] 4.18m
273 1.88m 27 1.88m
1,871kg(LARA]) 1,712kg (LAFA])
A , A _
735kg(A =Y + 1,030kg(A =319 %)
Solar array 2.37x4.91m Solar array 11.6m’
Ag 78 pr Moy ApeHa=vg 2 o]
Launch vehicle ATLAS-E Launch vehicle ATLAS-E
Launch date 19914 59 14¢ Launch date 19944 124 30¢
Launch site Vandenverg AFB, CA Launch site Vandenverg AFB, CA
71 101.35% 71 102.12%
AE 71&7] 98.7° HE 7]1&7] 98.86°

Table 3. Nominal orbit parameters for the NOAA-12 and NOAA-14 satellite.

NOAA Alg]= Ao w©Aa1¥ AVHRR(Advanced Very High Resolution
Radiometer) A4l 5 wWH=<l 3719 IR =& &l 32He =%(SST), T

59 255 &H4s=d AFEEY. AVHRRS 7]1748He] multispectral 4,

Ay WE4 radianceE =43t NOAA-7, 9, 11, 14= 5-channel AVHRR
S gAE ol de] 4-channel®th ¥ £ #=3S AFsA =AUk o Al

g9l A9F eI

o o

il
rot
Mo

= cross—track scanning Al Z2~®lS 7FA 1 IR ©#]7]
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o] L& fFA et Yo, 05%2 albedool A 3:12] signal-to-ratio®s A&

st} 7} A9 7] 52 Table 49F 7t}

Channel position(gm)
Platform I 5 3 7 5
NOAA-7911
0.55-0.68 0.725-1.10 3.55-3.93 10.3-11.3 11.5-125
,12,14,15
NOAA-6,810] 0.55-0.68 0.725-1.10 3.55-3.93 10.3-11.3
TN = 1,000m 1,000m 1,000m 1,000m 1,000m
_ a3 _ _
SAzbe] | slSE, ol dexd | deud
& /EW s ex, W | e, we
ol &woF | /XA | Ice, Snow wh A 7he) , } , W
oK melt, * 4 Ha wel 5 | 9w e

Table 4. Nominal operating and radiometric parameters for AVHRR.

(2) A5 4 2 P
NOAA $14e] A Ewe ¥
o]

AN

& ARE AP FHRE AFIH, 5

Al ol 4= TeraScan &AXZE

i)

il

oj&3ste] WVIEA, AFYRA, AARA

59 HA(calibration)#d S 3 F, MCSST dag5e o &3ld 34 X5
T TEEE A AT “TeraScan”ol & A7 #5 AT FA Al 2=H]
o] x| W o]&x AZEYAE MUste] FFste 1= SeaSpace ARl A
Mgk &8 AZEOE dettt. wul diFte] Al Al =R (SaE] &
AT, 713, Agdstn, FHFARNE, AFUsta )& o] Akl A
sud AFES AREStaL AT

NOAA SHezRHe A4S dFd F W ofFoxlyg. 53]
NOAA-12, 147} $-elvtet 48¢ B3bdhs A7he NOAA-1291 4% o 9
A e 2% 94 NOAA-14= 24 3A19F 2% 3A| 4ot

222 FeE SeaWiFS$t mlz7EA] 2 Level-0, Level-1A, Level 22 U=
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T Atk Level-02 $1AolA AF7HS

r <
v
ot
O,
XN
i)
N
o,
&
XN
o

A, AYRA, A T2 Z+F ¥ A (calibration)?td o] o] Fo]x & band
W7 AE5 = radiance #EEolth. Level 2% Level-1AoA Z+% g &
53] MCSST ¢augl&S ol&3te] A&d dlaid 259 #X ARE

t}. o5 AREL BT TeraScan 43X E o] A

(3) 1ol Abgd AbEe] F
Aol AREE NOAA SST Atse =g dels =43 1
1956 2000 1297449 AR5 FolA SeaWiFs A& @3 o} w3t

H SeaWiFS At ¢t Fd g 2719 NOAA SST AR =& AH3t
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3. Wind data
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Fig. 4. The area institute for analysis of satellite images.
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1. SeaWiFS data

(1) Atmospheric correction

sl AR v BERE E3bsta e Y =, dAFE Houe s
radiances= 3| - 7] systemoll A HEALE o] Y4 Q= F radiance® 10 %7]
T4 = o]t (Gordon and Morel, 1983). =L 9] yw A& 7|} sjFgxHo R
FE 9 Abgho] oA WA HE radianceE ] tHFig. 5). wWEkA] sl W E

+ radiances A gstA 4tEst7] 984 = total radiance(dl 2 7] <]
27 v 719e 98] WA E = radianceE9] F FHollA W7 sl¢EH e
BHEHO AHg - WRALE I E A7 E] Fojopdth. olof S AAFS B RA
(atmospheric correction)o] kil 3, AdolA #=3+ F radiance=Z5F-E
(normalized)water-leaving radiance® 9+ HAHS AdPE Zol7|= 3}
(Gordon, 1997).

g7l R A& e WMEs 2 FAMEZE 700 o o), &5 A4 YA
(NIR, near infrared) Gl 3= = 3gS A&3th Justd NIR £

2 5% g FREA A BN g

)
il
=
[
=
X
ol
i
i)
rr
%

%9] radiance= €3 <t o s4E AQstae AFH oz glvHGordon,
1997). A ol WM=olA FAH radiance= 7] 2 3|
A2 solar irradiance®] AFgh(scattering) ¥ WHAFZHE 7] <18
A dutH e o] NIR Wl=olA 4b&H vi7]9] radiance #& ©]-83}

o]
B d9dez o)t (extrapolating) & Al ZA, tf7] B A o] o] Fo Xt}
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Fataniansous
Fiwld ol Wies

Fig. 5. In this figure, several different light pathways in the
atmosphere are illustrated:

a) The light path of the water-leaving radiance. b) Shows the
attenuation of the water-leaving radiance. c¢) Scattering of the
water-leaving radiance out of the sensor’'s FOV. d) Sun glint
(reflection from the water surface). e) Sky glint(scattered light
reflecting from the surface. f) Scattering of reflected light out of the
sensor’'s FOV. g) Reflected light is also attenuated towards the
sensor. h) Scattered light from the sun which is directed toward the
sensor. i) Light which has already been scattered by the atmosphere
which is then scattered toward the sensor. j)Water-leaving radiance
originating out of the sensor FOV, but scattered toward the sensor.
k) Surface reflection out of the sensor FOV which is then scattered

toward the sensor. L, Total water-leaving radiance. L,
Radiance above the sea surface due to all surface reflection effects
within the IFOV. L, Atmospheric path radiance. (This figure is
adapted from Robinson, I. S. 1983: Satellite observations of ocean
colour, Philo. Trans. Royal Soc. of London, Series A, Volume 309,
338-347.)
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L ,y(normalized water—leaving radiance)= ™7|7} itk 7F4dstH, 6,
7S olFH FFEULS T 5o+ B3P gk LA HEHE=

radianceZH, T3 o] Ao ¥ tHGordon and Clark, 1981).

L,(A)= L y(Ncos 0, exp[—(—fz&)qL TOZ(A))(m)] (1)
L D) = TI(;(;’:)(S/%O (1-a)
T, = exp[—(#%— Z‘OZ(/D) ?;70)] (1-b)

oA7IA, L, &= 3 oA sl 93] WE¥+= radianceel i, r,(4)
ot 7o) = A7 gAY 2EY FF Aol tigh th7]1¢] optical
thickness(&3t4 F7)E0]x, 60, = solar zenith angle &, #Z3taz} 3}
= AFEH g AHoA B YA QAT AdH 1 AFAAMY FALE

Apol o] zto] th(Fig. 6).

Sun

i murface

Uhservailon podni

Fig. 6. solar zenith angle( ).
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ol¢} & AHolx= L, (A1) oA solar zenith angleo] <3+ 2% # <l kg9

@t 7] o] FEI(N7]EA D o2 9% AehHE HEE @Wol A
Aste = oA HEFHAT ©] L,y & SeaWiFS<el stz e b
=E(dE E9, chlorophyll 5%)& A47] $1% EE algorithmE Al o i
AM&-E T},

a9, radianceZH-E 22 reflectance( R)= T3 o] AHojF ).

_ L
R = Fcos 6, @

oA7IA, [ = AAX7F FASE A= HEFA 282 = radianceol i, Fy

= AT d71E el =A3 solar irradianceo]il, 6, & solar zenith

angleeltt. A (DA el Ficos 9, = wotd vh53 2

;‘OLCZS(A@)O B 7;7[(;0212(/;)0 eV exp[—( “2(/1) + TOZ(/D>( cos 0 )]
Ol (o]
219l A (3)2 reflectance <ol ]3| A th53 o] H3er),
RoW= R e ~(—55 %+ c0)od50)]
=R v t( 8y, (4)

714, R () & 34 1 ol W& normalized reflectance®l i, ¢ ( 6y, 1) =
719 b F3 = (diffuse transmittance)o] thdF EAFgEo] o)

g, 9149 Aol mddts TRARAA 9] BES Fig. 59 o] o
o AEE zZted mebd uE3 o] 3 4 o wWE total radiance

L,(Ms &= & Utk
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L,A=L,(A)+ L,(A)+ L,,()+ T,(A) L, A

+ T,(A) L, v
A7IA, L, = o2 kA th7] A N,y 0, 5ol osiA A4
+ multiple scattering(tF52FeH) o] Rayleigh scattering(FA}2Fgh)o] g} H
2. L, & 7]s oo®ZZF9 multiple scatteringel] 2laiA BAEEH=
radiance®| 3L, L ,, & W7]&#EA] 2teta} o] 2 £ o] Atekalolo] T AE
=, WA g7l Afe] ofs] AbdE F gl olojm ol o AbdE A, Wiy
= oloj2 ol o8 WA AbeE uF di7]E el oal AtghE = AAge ¢
gt radianceolil, L, v+ slFxHo=ZRY {4 B (sunlight)e] 1t
Abell o a4 A7 (Sun glint) radiancee] i, L, ¥+ water-leaving radiance(3l
T "olA &e+Q = radiance’t T EHS AY =2 Kol Q= radiance)
olty, T, & dl7]ellAl 9 direct transmittance(& 3 FH=)2H, st T&
e 7HA7] w2l

direct transmittance®] #-&o] A dsjir}t. I A& v Zuh

ol

od wE AYstnE sun glitter7t 423 AI A

ot

(A + A+ 7,04
ngexp—r() (:Tog(ﬁz £,(4) (6)

3714, 6, = 27t wako] radiance’t t7]A $l9] EW I o] R Zho)

i, T, Te ., T, = A4 O7IEAL &F, dodzEe FH F
(optical - thickness)E©]t. T, + W7]elA 9 diffuse transmittance(Z4t

FHRE)RA, e FAs e A= wEF (6, ¢,) °lA water-leaving

B5el A Aoletn ¥ & v

i
o}
i
oft
:(é
2
It

radiance’} t7]

(Gordon, 1997). =

R( 00 ¢0) 104

(7)
Rw( 61}’ ¢y)

A7NAM, 0, , ¢, = A4 WEF y o g solar zenith angled} W9 Zto]aL
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rR,(0, ¢, = B3 (0, ¢, o W3 water-leaving reflectance®] 1L

R,(0, )00 & W7E ol W& (6, ¢,) o W
water-leaving reflectance©|t}. welA, diffuse transmittance™= © 7], 374,
viewing geometry?] 34 AHAE ¥y oyl water-leaving radiance?l
st 2t E(solar zenith angle®} Wel7h)e] #x=ote Ao v}, T8y

T, & Axst7] $1814= water-leaving radiance’t (4, ¢) 2 = HW o]
ook 3t} F, solar zenith angle¥ WlZel sl  water-leaving
radiance™= A2l 74 3gH(near-uniform) 7% FX =5 YERYoF ST}t o] F
sk 7FAde]  9s]A] Gordon et al(1983)°lA+= IFF 4 o wWE  diffuse

transmittance T ,(A)& th3 o] Aot}

T,(0) = exp[—( “2(’1) + rozw)(ﬁ)]ta( 6.2 ®)

o171A,

(1— 0,(N) F ( mw}faw] 9)
Ky

t,( 0,0 = exp[—
aga o p, = cos 0,, F,(p, ) = do=ZFc] Atatadr wf 7 94 3
4~ (phase function)®] t}.
|, A (5)E FY7F §lE reflectance® F A3 Aol oy 7Fx] WA
Agsta, w3k o7 water leaving radiance WA reflectanceE ©]-& 3}
&l A (ocean color)< X% (calibration)¥t Zolm & Mgl vh53 2o}
R,(AD=R,(AD+ R,(D+ R,,()+ T,(A)R,(A)
+ T,(D R,
o714, R, ¥ W7]EA2 multiple scatteringel]l <93 Az A&

reflectance©] 1L . & oo ZZF°] multiple scattering®l]l &3+ Ayz AL

R
reflectance®| 2, R,, © W7]|&EA2] 2ty o2& AbghAlo] 9] A5 A&
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o 2HE AL reflectance®] i, R, & d|FEHAA sun glinte] A3z A

2 reflectance®] 31, R, & water-leaving reflectance©] t}.

kA, e S 7] s A 10)NA R,.(D+ R, (D+ R, (D)
S gt Axtstor gt oluf dojRFe] Fxy FA HHE du
ATt o] & 7 F 3

SeaWiFS W71 ¥4 algorithm< th% Atek §32 wgsta Aok g5 4
g Fyrt g w, drRALS 279 A bandol A m A
R,()+ R, (A & Atstoof =], o3 F bandelX R,=0S ©]
g3t #& 4 i, Wang(1991)2 R, (D+ R, (DI dakgde e R, (1)
Atole] #AZE Al AFdS BT wEkA ezl @kl Aol R, (A)
© dol2E vus Adae v ARE A F AUk

T3 SeaWiFS W71 24 algorithm olo]2F& Fdo| thdt RS 93
qojeE Rds AFESHaL vt Gordon et al(1994)2 clA=F F3FS U
A (Tropospheric) ololZ& B2 3] (Maritime) oo 2% X 2 (Shettle
and Fenn, 1979), &¢t8 (Coastal) olol2E& RdEo] AthisE 50%, 70%,
90%%t 99%0l wel Wake T 127HA = skl AR&skSlth. SeaWiFS th
718 A algorithmol A= df¢td md Adls: 50%, Hid 2d Ads5s=
70%E Zt7t oceanic B2 Adls: 90%, 99%= diAste] AR&sta )t
Oceanic ool 22 tigelA AT + e Ad dAE T doH
of Rl A WERY JA G A olojmE Tof=TF 2A e
t}. SeaWiFS 7] XA algorithmS =21# o2 t}&a} o] 3 4 9]

(Gordon et al, 1994).
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£(765,865) = ﬁlei(765,865)
TURw(/i): Rt(ﬂ)_ Rr</1)_[ Ra(ﬂ)—'— Rra</1)]

R (T65)— R (T65), R (865)— R ,(865) ¥ Mol (765, 865) 7ol mele 4w
«(765,865) 2 Mol (5, 865)

&(4,865)
R (865 439 R ()

R () 2Models )+ R,

o17]4 N2 AbgH oloj2d B9 olil, NASA ¥+ W74y <dad

ol A& 12719 Edo] A& At ZElal e(A, Aol tid Ao v
3 2o,
Uz A S %?% an

o] dmelFe 4 FHM Jo 765, 865melAe R, 002 7FA S
1, olojmEe] wakeh( RS ol&dte] 12709 mHlel thal (765, 865) %

Fake] o] Harghel 7 2 FE sHAE 279 doRE Rds AEg
ok olEf gk W2 7659 865mel Al Fol Xl oo 2L mde tjste] thE At
g aarh Aol Wlstshal, Rayleigh Abeke] axrh wjg- ofste= R, 71 vl
& A o] g(765,865) NIRE mdo] WAl FEIA e LuiE
ol 712 Al At (Gordon et al, 1994). o= A 3k 2712l =&l Alo] o] U
T HES Tote] e sl e e(a,865) = TAHT (4,865 A
25%YH R,W& 78, R, (DS R, (D+ R, (D] AFAI AAZTH
dojzFe] tF A ZARE 7o F NS FehAl FEh(Wang, 1991
Gordon, 1997).
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(2) Chlorophyll algorithm

SeaDAS(SeaWiFS Data Analysis System)®& NASA9 A SeaWiFS A& &
A sk7] flaf idd FEA FAEA HIIARMN, JAEU AfolE F4 ¢
http://seadas.gsfc.nasa.gov "olA F5 &2 thEukS 4 9low H oo A}
2% SeaDAS+= Version 4.0p3 ©]t}. SeaDASol+= SeaWiFS A a3 E& A5
cdl des 7% dagFEol £ A=, L Tl 2 Aol ARE
H " 0C2 "# E#A+= chlorophyll algorithmE A#xwW tS3 2o}
(McClain, 1997).

o

Chla(mg/ m3) = 10 (0.3410 — 3.0010xx + 2.8110x x — 2.0410x x*) __ 0.0400

(12)
R

s (490)

R o)

192 © 2 chlorophyll absorption peak: 443 mmollA] e 7] wjFof
443 nm bandE AF&3F algorithmE°] 490 nm bandE AF&3F OC2 algorithm
oy A @S A= 4+ Ao 28y 400 nm F-ell A= Dissolved
Organic Matter(DOM)®l| 9]t 73t Fg 2-&& 317] wi-ol 443 nm band
o] radiance #t°ol |A JFS ¥S 4 Avk. 183 chlorophyll %7} =
= AF, dFd weke L2 s g 5 7] wiEelt wEbA
DOMe dF= 7M. Ansetur] o= Ak A s AZE ztu
chlorophyll % 245 =9 4 = 7F¢ 443 band’t 490 nm bande] .
3 chlorophyll §k2& & 29 9FS 7 wol 7] wiZol, 2 &
BE mHsFolof dh, BHE FEE 555 nm bandoll A 3 AR E W
oFEh A WAL BEdof o, 443 mmeF 555 mmell A2 2 band ratio
algorithm® 490 mme} 555 mmoll 419l 2 band ratio algorithmo] Tt 3%k
chlorophyll &%=¢+2] A#=olA 490 mme} 555 mmoll A1) 2 band ratio
algorithmo] $-=3tA] YEFSETH(I+3F 5, 1999).
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(3) Turbidity algorithm

B go] AFgE  turbidity algorithmS Ahn et al(2001)e] <& 752
algorithm® 2 band 27§¢] H|Z F3l+= 7|¥ algorithm(Clark et al, 1981)3}
+= ¢ band 170E o] &3t o] A& 2 band ratio algorithmX.t} 1 band
algorithme] HFfFE2d 3o A#A=7F £7] wFoltt. wakA chlorophyll#}
DOMe] &S 7pFAolm wx = bandE &-83F turbidity algorithmo©]
7H4 o] 24 9l algorithmeolth. Z2#™ 555 nm bandi= chlrophyll®] H] & 33t)
ol g AMg3l7|o] A A3 band’} ®r}. ¥} 670 nm band: chlorophyll
o A 2z FFdA 660 - 690 mmoll 7] wiel 555 nm bandR. Tt A
gdo]l "ozt o] &2l FWHoAE 765 nm band7b 7HE o] A A Ao
o, 284y 765 nm bandt A QA Goolr] witol, B FH=7F AA
S7tetel 1ol A AAEH= Az el Ar|7F 4Es] A ol &3 wE
7] R4S YA o] 765 nn band7t = ARE-E O

B oo A AF&H turbidity algorithm< th&3 Zth(Ahn et al, 2001).

SS(g/ m?) = 3.18 L (555 (13)
o714, L ,n(555) ° @9+ “ mW/cn/pm/sr 7o of.
a2 2, SeaWiFS Level-2 A& oA 555 nm band®l @ %= Normalized
water leaving radiance, L ,y(555) #& Ab=E3ste] 919 algorithmol o] ¢k

F, AFE AN oo PR FE REED AT

!
m
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2. AVHRR data

(1) MCSST algorithm
AR e FAT Aol FAEaL = NOAA #1449 £F 2 A=
(SST)= NOAA #1439l channel 4, 55 A}83F Multi Channel Sea Surface
Temperature (MCSST; McClain et al., 1985)9} channel 3, 45 A}-&3}9]
night time°|® A}-8 7153  Bernstein(1982) ®WHS  AF&3ta o
MCSST algorithm& t}&-3 72t}
SST=c+aT,+bTs (14)

oA714, T, ¢ Ts5 = channel 49} 591412 brightness temperature®]™
abct TAIACRE fojA = dgolth

Table 5, 62 FxsldedT+Ue] NOAA SSTE 93 TeraScan 4 E 4] o]
AN AREsta e A7l ATl dE UEk Aotk a2y A rH o R AL
S8t i duEHe NOAA-12, 145 o] &3to] ub - vkl i glo] A&

@ F 9 MCSST $9< AHgsta At
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@ Split window(MCSST):
SST=AxT4+Bx(T4-T5)+Cx(T4-T5)x(SEC(sza)-1)+Dx(SEC(sza)-1)+E

@ Dual windows(DW):
SST=AxT4+Bx(T3-T4)+Cx(T3-T4)x(SEC(sza)-1)+Dx(SEC(sza)-1)+E

® Triple window(TW):
SST=AxT4+Bx(T3-T5)+Cx(T3-T5)x(SEC(sza)-1)+Dx(SEC(sza)-1)+E

@ Nonlinear split window(NLMC):
SST=AxT4+BxMCx(T4-T5)+Cx(T4-TH)x(SEC(sza)-1)+Dx(SEC(sza)-1)+E

(® Nonlinear dual window(NLDW):
SST=AxT4+BxBZx(T3-T4)+Cx(T3-T4)x(SEC(sza)-1)+Dx(SEC(sza)-1)+E

® Nonlinear triple window(NLTW):
SST=AxT4+BxTWx(T3-T5)+Cx(T3-T5)x(SEC(sza)-1)+Dx(SEC(sza)-1)+E

Table 5. NOAA SST algorithm formula for TeraScan Software.

Method | Satellite Time A B © D E(K) E(C)
MCSST |[NOAA-15 D 0.959456 | 2.663579 | 0.570613 0.0 12.12 1.045
MCSST |NOAA-15 N 0.993892 | 2.752346 | 0.662999 0.0 1.753 0.084
MCSST |NOAA-14 D 1.017342: | 2.139588 | 0.779706 0.0 -5.280 -0.543
MCSST |NOAA-14 N 1.029088 | 2.275385 | 0.752567 0.0 -9.090 -0.145
MCSST |NOAA-12 D 1.013674 | 2.443474 | 0.314312 0.0 -4.647 -0.912
MCSST |[NOAA-12 N 1.013674 | 2.443474 | 0.314312 0.0 -4.647 -0.912
MCSST |NOAA-11 D 1.01345 2.609762 | 0.526548 0.0 -4.592 -0.918
MCSST |NOAA-11 N 1.052 2.397089 | 0.959766 0.0 -15.52 -1.316
MCSST | NOAA-9 D 0.9994 2.7057 -0.27 0.73 0.1177 -0.046
MCSST | NOAA-9 N 0.9994 2.7057 -0.27 0.73 0.1177 -0.046
MCSST | NOAA-7 D 1.0346 2.5779 0.0 0.0 -10.05 -0.60
MCSST | NOAA-7 N 1.0346 2.5779 0.0 0.0 -10.05 -0.60
MCSST |NOAA-10 D 1.1 0.0 0.0 0.0 -27.316 0.0
MCSST [NOAA-10 N 1.1 0.0 0.0 0.0 -27.316 0.0
DW NOAA-15 N 1.041037 | 1.587581 0.0 1.677 -10.36 0.847
DW NOAA-14 N 1.008751 | 1.409936 0.0 1.976 -0.764 1.626
DW NOAA-12 D 1.017736 | 0.426593 | 1.800916 0.0 -3.114 1.731
DW NOAA-12 N 1.017736 | 0.426593 | 1.800916 0.0 -3.114 1.731
DW NOAA-11 D 1.03432 1.347423 | 0.953042 0.0 -7.64 1.73
DW NOAA-11 N 1.03432 1.347423 | 0.953042 0.0 -7.64 1.73
DW NOAA-9 D 1.014 0.5118 0.958 1.55 -2.224 1.60
DW NOAA-9 N 1.014 0.5118 0.958 1.55 -2.224 1.60

Table 6. Constant values for NOAA SST algorithm formula.
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Method | Satellite Time A B C D E(K) E(C)
™ NOAA-15 N 1.015354 | 1.063572 0.0 1.295 -3.605 0.588
™ NOAA-14 N 1.010037 | 0.920822 0.0 1.760 -2.214 0.528
T™W NOAA-12 N 1.000281 | 0.911173 0.0 1.710028 | -271.971 1.255
T™W NOAA-11 N 1.036027 | 0.892857 | 0.520056 0.0 -9.224 0.617

NLMC |NOAA-15 N 0.953493 | 0.087762 | 0.740922 0.0 -258.802 1.64460

NLMC |NOAA-15 D 0.890887 | 0.088730 | 0.557058 0.0 -240.244 3.10170

NLTW |NOAA-15 N 0.998871 | 0.034564 0.0 1.399856 | -271.449 1.39260

NLDW |NOAA-15 N 1.035572 | 0.053349 0.0 1.628825 | -281.647 1.21949

NLMC [NOAA-14 N 0.933109 | 0.078095 | 0.738128 0.0 -253.428 1.45072

NLMC [NOAA-14 D 0.939813 | 0.076066 | 0.801458 0.0 -255.165 1.54492

NLTW |[NOAA-14 N 0.980064 | 0.031889 0.0 1.817861 | -266.186 1.51848

NLDW [NOAA-14 N 1.019182 | 0.050086 0.0 2.039266 | -276.813 1.57656

NLMC |NOAA-12 N 0.888706 | 0.081646 | 0.576136 0.0 -240.229 2.52104

NLMC |NOAA-12 D 0.876992 | 0.083132 | 0.349877 0.0 -236.677 2.87336

NLTW |NOAA-12 N 0.963368 | 0.033139 0.0 1.731971 | -260.854 2.28997

NLDW |NOAA-12 N 1.021468 | 0.050549 0.0 2.201377 | -276.900 2.11398

Table 6. (continue)
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(SST, Sea Surface Temperature)
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zZbsltth, olAL J)Ee A3 A 7, 1993; 7 5, 1996; Kim and Lee,

1299 SST A@elAE AFE AY dersids wpgsigol fAH oz
FAW £ REEAS Gehln e, Age] ALAAE W Feol
o Qe dEldidd BAsd AFEE e2%d An AAtgow

SolyrteE AFER FFS S Aolgtar A THLie et al, 1998).
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Fig. 7. Sea Surface Temperature(SST) distributions in the western sea area of Cheju Island

in 1998 by NOAA Satellite.
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Fig. 8. Sea Surface Temperature(SST) distributions in the western sea area of Cheju Island

in 1999 by NOAA Satellite.
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Fig. 9. Sea Surface Temperature(SST) distributions in the western sea area of Cheju Island

in 2000 by NOAA Satellite.
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Fig. 12. Turbidity distributions in the western sea area of Cheju Island in 1998 by
SeaWiFS Satellite.
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Administration.
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Fig. 14. Turbidity distributions in the western sea area of Cheju Island in 1999 by
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Fig. 16. Turbidity distributions in the western sea area of Cheju Island in 2000 by
SeaWiFS Satellite.
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Fig. 18. Chlorophyll concentration distributions in the western sea area of Cheju Island in

1998 by SeaWiFS Satellite.
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Fig. 19. Chlorophyll concentration distributions in the western sea area of Cheju Island in
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Fig. 20. Chlorophyll concentration distributions in the western sea area of Cheju Island in

2000 by SeaWiFS Satellite.
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